‘Title: CHEM CAL PROTECTIVE COVERING [err] Abstract: Thi;linv$ntion
provides a sel ectively permeabl e protective covering capable o _
transnitting high quantities of water vapor white ﬁlSﬁfbfln%4éawaF®Qﬂcﬁ
significan ricting the passage of noxious orharnful chenicals even
under cond&%?g%§§§f high huridification. The material off“MS8"BpkPent i on
provides the basis for orating protective garments and accessories suitable
for appli- cation in the broad range ®f conditions likely to be encountered
in realistic use scenarios- In its broadest aspect, the protective and

wat er vapor perneabl e coveriq?ngg?ﬁ?héd&@#ﬁﬂhépn conprises a sheet of a
0

‘pol yam ne pol yner wherein at Teas 0 1 pol yam ne -pol ymer am nes
are am ne-acid noieties wherein the acidic species of said am ne-acid

noi eties have a pK' |ess CHEMICRLPROTERAIVRIGEVERAG WO 01/ 41877
PCT/ USOQ' 33519 TI TLE OF THE | NVENTI ON CHEM CAL PROTECTI VE COVERI NG FI ELD

OF THE I'NVENTION This invention relates to chem cal protective coverings-

More speci f i HELDYOF THBENVENWRONI on rel ates to materials and articles that
can be used to afford protection of persons or contents from noxi ous or

harnful cheni cal $15 AVanHen fetfanto eemieqh piotectiveeqayeisias, More practficalyl at es.  The
cheni cal pr ahedtventineealsties idvgsteridl M4 HRdbsi thata66 BE 438 anbigh t he i nvention

Ll i - ' ' ' t hi ng
-are particul gpdo¥icis balhss drRbnte@PRLL GRLLANS suc@__c S arf i.cles of clo :
‘tents, sleeﬂ?ng %ags% aﬁ% the ?lge. %%@R@éﬁﬂﬁﬁ1 _LfﬂﬁafNW PEN
S of vapors, aerosols, or particulates. The chemical protective coverings

provided in accordance with the invention are particularly suitable for

applications such as articles of clothing, tents. sleeping bags, and the like.

BACKGROUND OF THE INVENTION

Chemical protective coverings are intended to prevent harmful levels of
chemicals existing in an external environment from reaching the user or wearer
or contents of said materials.

Chemical protective clothing is worn when the surrounding environment
may present a potential hazard of exposing an individual to harmful or noxious
chemicals. 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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Chem cal protective coverings are intended to prevent harnful |evels of
chem cals existing in an external environnent from reachi ng

wearer or contents of said materials. Chem cal protective cl ?)ﬁ‘i'ﬂeréorq S Worn
when t he swowpusti ng envi ronnent nay present a potenti apchegrssiof
exposing an individual to harnful or noxious chemcals. Hstorically the
materials used in protective clothing have had to trade off protection for
confort. That is, those offering nore protection were unacceptably

unconf ortabl e, and t hose being of satisfactory confort did not offer
accept abl e ﬁ?ﬁﬁvéﬁqf?f&'? OfF%fﬁplé%tlaWpV\@hOldﬁmﬂéWUal@ﬂﬁnlmrctbfwaﬁerknom inthe art,

is to interpgse d.«/eaiathabmygﬂaﬁhgéd oser&fs,@dhrrﬁeﬂeﬁéps@e%ragm hrm@éraaebl e" material
bet ween t he V\ee}';fgraa&"l L, ntdggth ifh Oli,IS VI ron ﬁf"{‘f 'E’ %@4 e material of
this type wirtoss ' BT 1/ ASCRmieHMi| india s and yet be
pliabl e enoffgm htgé’i '@@'WO@W@IQewfatadgaﬂmﬁarasrbummam within thee of cl ot hi ng
appl i catii ongro@&n@mmr@ faﬁowéw;ta@ﬁéa@ﬁ@ssewdae@ap&a tale%sréfltl l'izing butyl

rubber as t r to_ harnf c such materials may
b ovi de- i G R SR FaoiPd e dr PERiSHT BBt By T 11 cant |y
restricti ngeﬁwatba@&.aétgeﬂuﬁ theseHyprycrfimaterialsanay offensatisiasiay al so

characteri Sbﬂofe@{ldny b@rtﬂyﬁﬁfadoﬂﬁcd?ﬂﬁﬁ 29Ris Qfobléﬁ{aﬁé cNé%Q&énstle‘of%ner lal  that to
ansm t ermed non-

.a great extg eve

=preat habl e. 'e"%” ge %’F%‘E’&’P?R%%B\?E?ﬁ tﬁ@@ ”PB‘{“‘%‘&& raé'yt n- br eat habl e
"materials metedhan Yqiwsﬂmrmmﬂbodyag q:rhm@tet!;@reeﬁ of’nc@aeradae ssi pation nornally
achi eved t hrou SUB§T| TUTE SHEET ter iﬁﬁgﬁt 5 2004 WO 01141877

PCTI US00133519 2t he SVAPSratT o ‘?SSR‘Q“W?%‘{?E%’F%| ficant

transmi ssi ofangMisyan &ptes, Wp’!ﬂtaﬂc@mﬁw aveveralekiiés gr nopwovasrppidlefise of such
material s caBei@s Wil ndt Brdvfdb@lle@il‘e@bé@ls @#Ipﬁ&éur&ﬁ kd ha&mﬂn stlﬁ&.d}!@at h of the

wearer. The dISC nf.ort initial h |e of noisture
generat ed b§™ %Sm@r%?%eﬁelt@es §f mﬁtp\'\/{\'n ﬁ"aP{ Q%rﬁresat' {r%tf’@g ‘f‘]“\‘fg'¥§33f,8“ ng,

fol | owed byunspisfastasy Potactiases |rrposed upon the wearer due to the |ack of
evaporative COQ)athgseff-Bm ﬁa\%%eﬁrn%% %ggdc}rgssh??norg}avgkgl an% the event ual | y

death. Thus, these t ac ory  protection,
but unsati s‘faé’étogrb?t"tﬁ?ﬁﬁﬂ%@d‘oﬂ'ﬁﬁ‘%c?ﬁf@m ematic characteristic of non-

breathabl e pr olelel,eefdh/ GEA Ribulih Hd . @5\9&%@ o LOCBY dlBHi$aD1 € for anything

more than very short duration usage or ar eas o ‘cover age.
Conver sel y, "HETRS ‘E'E'J%?fieH'{je"ﬁa?eé’rt?eﬁﬁ’%e"tth%weﬂﬁ’é%@s@e§?'@jﬂ’“ﬂa?ﬂnt wat er vapor
t ransm ssi. cmmviratrest stfcbras idastribad & UBnRatasvies10t 198ty IBagher, B@hswven pol yol efin

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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materials, wll not provide desired |levels of protection to harnful or
noxi ous chemcals. That is, these types of materials may offgr

sati sfact o%'ﬁg%qrt, but unsatisfactory protection. Varioqud?dfi®f9 have
been made to address in more favorable terns the trade- 8FFUBBEREZN
protection and confort. One such effort, well known in the art, involves
the use of adsorptive materials which are interposed between the wearer
and the contam nated environnment such as described in U S. Patent

4, 5391 393 bYO@PHﬁﬂﬂ;ﬂf the Bbégﬁﬂ?ﬁé systtﬁii‘éjargﬁeﬁ%i&ﬁlrsealélgﬁ%l@géy&egﬂﬁ&j cal .

protective systens. work . by adsorbi ng_hazardous _|iqui ds and vapors into

sorbants, t h%i’?"f ﬁﬁfrﬁ?‘tmsg’%?'%g% ?t?@ﬁgpfgé’ifﬁcgd“altms'Mi ch the systens are

i ntended to protmgigitiondMahé hrmetdaﬁﬂ:itghﬁd ﬁ@fs@rﬁdﬁﬁét&%d&irptﬁﬁ&b?m 'St is that they
second. | i mjting

possess a finite, capacit dsorb chem cal s.

characterist{ grag%engécﬁﬁ'gﬁ sss{taﬁ%ﬁleﬂ%ﬁorﬁoﬁag?" 'I'e}a?'Y‘?@aéQerq”ﬁPﬂﬁiSQ y adsorb
chemi cal  spwmitive efegentamittin aeheménat protecive comering @ssrdentp athiene ardduci ng t he
avai |l abl e cam@f ddéqlidlé 169615 8f fbleatibnO Thistan FREMICRIR abPndll, Bhmbhey were

i ntended to %r Vi qheatcgrﬁatve tion. The EI ni tte agam ty and 1 ndiscrimnate
adsor ption cHEFXEMALCAY Ve Nigh resixanepts e §9‘§'E" 13ire raRSfer8RAFAN dur at i on of
use and st oriegese yridgsirabiggbysivlpgical sassewon thaiweardpehus, adsogaliser b vari ous

.chem cal vapgetef9RiAaRIRBIiSed bf 8 @Ale-bif betWaEn BlIREGNSFLoGn exposure, thus
.progressively reducing their available capacity over tine. This limts

‘their duration &trthgrmoreTincreaggddulicandoywrioht eeerplQUBEFSIEITE SHEET (RULE 26) WO
01/ 41877 3 harkbiAstidd @ theMatkddnigC 319238 PdeC id ¥HPortdien 8ERLPt | Ve systens

are kept vvitnr‘léiltnﬁa%eal ed packages over long spans of tine. This limts the
storage life of 'such materials. Additionall y, the finite capacity and

i ndi scrimnate adeare pidfeitd spp@batiotidatih ERenies pRotddiad Sovehsysithgor por ation of
relatively | 1t f_ .sorptive . elements within chem cal
protective gc\ylvg%is%gélgértlér%rc%gfr&tagdgg%‘?cté’?/%regﬁsdm sﬁs”tsﬁ:é%nseé‘?fg@at e levels of
prot ect i on. PeAnaabledpateraly;| Matpriplg thptare selgctivelywermirable exhibitgy st ens t hat can

have hi gh r egnitanpeserémiahenhestitly BRpséift éhehii@nsiiesaMiiscan i mpose
undesirabl e | | I A I} dsorptive systens
are al so resaP ?I’I}S%(%l'fe) g%y&gthf %%Zié@? 'fsp’g‘gf‘&"g%ﬁy%f%?{é‘@% %Slﬁtsa?ntse confort.

Fur t her nor e s A gepiipdichamigal ippget whileeslfidinadirieassager’ char acteri stics
for the pachadgsited cisnicah gacicsa Pdtticilgly fansttitleaotpemical prewecte t hese

clothing, it would be desirable for a selectively permeable material to have
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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materials. A nore preferred approach to creating chem cal protective
coverings that provide satisfactory confort and protection relies on the
use of selectively perneable materials. Materials that are ddeng 2Q04 y
per neabl e wRi#IMisr7 a significant preferential perneabilirgrivseosseei fic
chem cal species. This approach can allow the creation of protective
coverings that facilitate the transm ssion of desired chem cal species
while restricting the passage of undesired chem cal species. Particularly
for articles of chem cal protectlve clothing, it would be desirable for a
sel ecti vel y qstivneewill penefaie¢pving ameuniawéheas aed wpistire iglerétatbabi | ity t owar ds

wat er \éaloor pr&baive 6velriflg BEPEnGig upsn thabnsfbswlogmﬁm&&s irhPédediup onLhe e
per meabi | it y be subst ater than the

per neabi | i t¥h%§e%}%§<ﬁ%usrﬁag?glﬁaﬂﬁtt ﬁtwe 30\'8?%9 tﬁDEd'Jé%ﬁgﬁFoavq‘a‘é ®®he basis for
protective @@ Wéat{oﬁaﬁu%qslwe%\et@ﬂfﬂ@msam unygini inflstepgeck deaditiense ti ne bei ng

hi ghl y pr ot eaé ysecometfeaamaﬁreﬁém@e bt ade Qfuckfd. etHukViek Yo per neabl e

materials is_ngt endent lpan, sor on_of chem cal s ey are not bound
by the lini t%gtl%e O%P’ataprﬂtg‘lmc tcgvegagg\p Ss%é?@ﬁéda q‘?l}e adsorptive

syst ens, whicenditiass @uiingots use. ‘@h@ﬂhﬂﬁ@amﬂm iafie deigoenéss of appropriate

mat er i aI S t@pgrcgwmaaﬁp@t&ﬁ@c@%gsh@g@ ned protection, selectively
_permeable materials, free of these |imtations, can be made extremely thin

~.and |ightwei ght Thepgicgnditigns icpn infléence ithe pegipeance Af sefectivebhpdrmsablé | ky and
l'i ghter pr ohggdriaise S@Hcﬂ@ﬂﬁ;ﬁenﬁéébi@ﬁaﬁéﬁﬂ@[ﬂaﬁﬁoss&%gﬁé elésﬁaﬁzeahamﬁe type of

protective | o posed in use
to differi népaﬂd ?tg \%a r"imsm\}%s% %g%rga %‘?’PY%H%h'h(‘fprlyﬁ'ﬁ %‘;
t enper at ur ethelrromm%wsrﬁpment vaﬂ Qﬁatﬁﬂ'@ﬁ"céﬁ bnthpr%at@ehum@ltmftth@t e of SUBSTI TUTE

SHEET ( RULEsd®gundifigs] unethBQOAoun\zmgQéaét%&ZhdﬁﬁiM&QQ&&S&&%M clothing will
gener at e VaBXﬂl@b@@al{QI%a?%rﬁnge% angture L e W hlﬂ @gégl{?;ﬁ}hﬁgt o0 the pr ot ect ive

covering de I'ng upon ¥ o Ica sed upon the
wear er . Ext eemgRble snateral will glsechange. d'@JQ@eF%gUS phrened it thesas will vary due
to natural maediaratd OB m@amtomymaémmrwdp&rt af¥sigh Rfatie/man i nfl uenced

condi ti Onlssh%ﬁ'%%ﬁd Sgﬁuegeg%%ggygerwe%@ t%an ecrI]ller%%cgl voar UMD rrade structure.

Thus, it e ex COVer | rsa|t| be exposed to a
wi de range fﬂ‘at“'%awa'idtw oﬂysm'f*&rr»fg'chﬁ@%n% arw:éwa#ws@hemca&ons. dered in the
desi gn and papflivecaveay dpplicliyns) it &l ig@bitatetoidmsidérige profeetiedl . These

conditi ons. EaRad bl ik NEn BRI SLMESS0L ARKESALNGhYS PRLTSb! €

mat eri al s. ctive er mea e desirabl e
qual ity are to be expected dunng use. Particularly, it is important to cons:der the

o permeation of noxious or harmful chemicais under conditions of high
J 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

SUBSTITUTE SHEET (RULE 26)



~of high water vapor transm ssion are generally hydrophilic pol yrfers As

such, their noisture content will be influenced by the relative humdity
of their surroundings- As the surrounding relative hunidity o Junec?P04
sel ecti velwg opgisfeabl e material changes, the noisture | gygl lgqg_rl t he

[

selectively pernmeable material will also change. In generéﬂ

observed that these materials are nmgre perneable to many chem cal vapor s
at high relative humdity, and conversely are | ess perneable to nany
chenmical vapors at |low relative hum dity. Thus, when such materials are
enpl oyed i nieRievs bair Pf%\'%@ﬁ@ﬂ"@ﬁf@@%h?%glgamanthc@tmmﬂinm,g their i s i nportant to
consi der therepibmet i ve characteristics of these materials over the range
of relative hum dities which are to be expected during use. Particularly,
it is inportant Atymberadisalestively germraplepeaterisis heve hesd iovestigatedhlaor nf ul chemi cal s
under condi gésural usk ithgde applivatichst lmaéénﬁaudé-&%efy%m{s% to the perneation

e ot cURRALDaBl: pAU LIRS oflolld 1€ dﬁggﬁ%gggwbwgh may not be

representative o AU eva Pative humidity.
For the appB?@&@%@"éﬁ&%ﬂ“eéﬁéméi@ﬁ%\ﬁas vell aponerelisipsivdegierfihd e t o reduce

t he per meabhd déiyilddan DS iPALS, 824, 40%ayT hsi‘éwmatbama@:{gﬁmmﬁrtlcul arly at

hi gh rel at y t hout e ction in the perneation
- of water vg\};;lgrd} H%Qb%,a}tlh"‘@ alse H@%ﬁ?‘@%ﬁ&' E%%Og&’éefﬂﬂ@%ﬁlﬁ IHGe8dse t he
- “permeat i on hisi@acete hazaﬁsieus chgimidatsaan ba adhienediunddrisemiervonditiss i n t he

“-r'per meabi | i t ¥siddPa pOYAIBIEhePhind groREie méié\‘%‘ﬂb§@éscm%§ s.pafticularly at hi gh
tective coveri ngs,

relative hu Thu
sel ecti vel ygfggeqr Er‘r%ﬁa IQuey T Elgur qg?"éevﬁhﬁe CE'?'HWW@"@%%'H" FPE3FRIFT i ty and nust
provi de | ow? @éﬁ'f‘reéfbﬁfrei mytetials anggyalkaied sndeh eatdtively ow rplativd lumiditiésy at t he
difficult cmapud @ Peppésehi 6 rangk af ¢dﬁamomﬁm¢duw beAREbIA GBI ke 11 1S

d bl e tg breat ['s w t hout
sion 11 cant [ ek Bt e RABAT: Wbk iRy B e PRRREE eand 1 o SUBSTI TUTE

SHEET (RULEJ%t}emﬂrotsem %@ﬂmfov@mmmvd@@mwmmm@ws i nprove their-

protective performance wi thout significantly dimnishing their

breathability. A nunber of selectively perneable materials have been

i nvest i gat BUMMARYJRRTHEIINVENTION t hese applications. These include a

variety of fil usj n@ as cel | ul ose-based pol ynmers such as described in U S. -
h

Pat 5,743,775 PRSP %%WH@PE&%PBW"Q%?‘@% #dhey do Nobel NV as wel |
as porous [rerpendrde of 2 keteclively pereteablk eberninal PrdfectiRatoverii?as#d5 by Uoyd Steven

Wi te and aggh Q%@a?ﬂ@xe pblyfheftarse &nbBerably ah@ﬁn&bé&e&ﬂ?%a%@ém that good

br eat habl H, téi)rporgtm% amine-acid moieties within the polyamme polymer.

: ' Unexpectedly, it has been discovered that the water vapor 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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resi stance to hazardous chem cals can be achi eved under sonme conditions
usi ng a pol yal kyl enei m ne protective material as described in U S. Pat

5, 391, 426 ‘p%‘ﬁle—@g% S Wi. However, the chenical perneati P&ﬁ@ﬁéﬁ?@?@% i cs

of each of materials are evaluated under relatively Tow T relative
hum dities ‘that do not represent the range of conditions that woul d be
encountered in use. The perfornmance ®f these materials will be linited by
their conprom se between protection and confort, particularly at el evated

relative hungdi - : )él%ﬁﬁlgl: LSsihal taught herein,
It has beenr‘hﬁgg{%@gre t,ha? igt‘:)ﬁ'—égig?er ori %E%‘?éaéb%gf}%g%ﬁ@% perneable
cheni cal pr dtaeakle pEranspitinghichsueatiies chwatenvansr hile sl bheingsaeablean be
consi der abl yofadequatetypstattingtye eRbagecH tholayus drimaahfddhainidapvapatsne- aci d

moj etles w téven uhtm? cBﬁHl%ﬁgbﬂﬁ M%Hﬁ%ahyneﬁgﬁ‘geﬂgéay roleﬁ:g&%ovgﬁn di scovered
t hat the wat.er vapor transm s¥ion ra e may Dbe r_nad% substantial ly better

wi t hout ‘a cdHpus iayndion may be ysed fprchsmsiaberotegtive aiticles afclothingak | cul arl y at
el evat ed r elaé borafohatie Bedayse dfuliditebility iotatibva sheldfidient eapeaied ed t hat t he

resi stance t ' ) 11 I t . conditions of
G evat odr el SEPTHIoR R SnefiREih bty SOFVHRER o o Al Mllcdthy Y 0"
conpar abl e. Breagqangsraf cprfitoRs dreixtahsrencousiarad indpeistic ugedcamarios. surpri si ngly,

it has been di s%&%rggheg%g%%ng%E@ﬁéﬁﬁg&s}?@t@e QEJ‘&%%F\% wherein both the

J-wat er vapor transm ssion rate | € ance X1 ous or harnful
chemi cal s e\ReAneRPlEfONGINI tiHAYANtiPH FRMRSTSes aisgiertvely mgrmeablashegly be i nproved
Si mul t aneousdf @ polyaraink pbipgei wheseih atieastaby datiemaneng Bieidraininesapabl e of

Accor i ngl y P PAHESERAATRE AHERrTRATRAE ha of SR FR RERFERO L. nt and

pliabl e sel &@ve 3eKslepehar@nl dhempterplaiase soeptedad asiustesivith degr ees of
br eat habi | | tegperimentation tonahieeda shérhicsl ipedtedive oovetin@ whiah wWagle watenge of

condi tions. [ | ‘yﬁ@ﬂﬁ : 01/ 41877 6 14
June 2004 IgéﬁﬁrltJ 8%5%%%1%%%%%&5@%?& enth‘%‘:‘g-r‘l;j":“tgl gﬂ%ﬁ%@&t\@g sel ectively-

permeabl e pPSTEEIOLNY SHEG HfgessdbgnbP2cBiSetr ansmi tting high quantities of
wat er vapor Wi fonlehfbolifient iedRRBhine Rlyn?d GitHahfYadFmbibicdis N9 the passage

of noxi ous or h?rm‘ul_%hem cal vargors_, even under conditions of high

humi di i cat P8R O FFRCLRANPIIICANP SP'0RQSHS ShETVHEEISHe PIIYaTPiRR BOWREent i on nay be
used for chémmsalsupstantialy ¢oninuut iaykeresiding eksntiallygpnithesurfage of zonf or t abl e
because of (A VafPbbintekbicQuidtlaRWitiema) bé ah 8pin SHERM B0 Of

erspiration via transn Ssion wat er vapor and are suitable for
gppl Ip cation cpﬁecgpore s&s{pate. ora VO(I)J- Tee su%strate.p

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.
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broad range of conditions likely to be encountered in realistic use
scenarios. In its broadest aspect, the chem cal protective and water vapor
per neabl e covering of this invention conprises a selectivel y1‘b Fe e
sheet of womakisam ne pol yner wherein at |east 10% of thecpekwaiiee pol ynmer
amnes are amne-acid noieties wherein the acidic species of said

am ne-acid noieties have a pKa less than 6.4. The materials are sel ected
and adjusted via experinentation to achieve a chem cal protective covering
whi ch has a water vapor transm ssion rate greater than 2,000 g/ (nz*day)
and a per nealBRIER PESORIATIGN DFOHBDRAWINGSSUl fi de of | ess than 0.02 cm sec.
in one enbodinment, the polyanmi ne polymer with amine-acid noieties is part
of a sel ecti T8V SHIALBPEPEM BB fifpedspredta faaolyamine RabIMEET ne pol ymer
forms a substempasitt biyeet aith brenqiste bxdpaded EEEEubgt-g&ssent i al |y on the surface

of ra water iéapgr%cg.ferrreabl e substrate which may be an open pore substrate,
a closed pof@ salsagsxamgle ofay jfrgred,spactay af i same matgrialfioiher enbodi ment s
of the invenfigom,1 sfteethedhopgivratien pbaniime acidinidictic8 B BR-aRiten 6D eties i s part
of a sel ecti yghMcRE§MEAbDI € conposite sheet with an open pore substrate,
where at |east a portion of the polyam ne polyner resides wthin the
substrat e. | figahdepias arealbbatimentiof @khddef thapelgirmias polyimer.chem cal protective

_covering is_copprised of t wat er vapor perneabl e open pore

-~ pol ytetrafl u%’?o@?ﬁ}‘ﬁ%ﬂ%emg‘iﬁﬂl\g‘?’fté‘% BEOHALPIS shRst 9EIR PPARINRIPABTEHNt ai ni ng

“pol yam ne podryaeeiddiee kulstratee- aci d noi eties specifically involving H2S04
and at | east_25% of .the pol yam n ol yirer. am nes- These naterials are nade
to forma sef'g'cq/?'??éﬁtila?)gﬁ?r@i{ﬁr& 0?%8%9%5?t? gheshatihe pRlkaRIng RRIYIRST yani ne

pol ymer f or nen acigsgstoamsibairitg. conti nuous | ayer residing between the
substr at es, r\_zyl tbh '

at .l east a.portion of the polyam ne polyner residing
within each SEisfPIEe™ ﬁ‘ﬂ%cq"ﬁ%ﬂt?'c‘ﬁ{"‘?%s'tﬁél?‘%jef Bﬁ}ﬁ%P‘l"%}a‘Ug@PE'VmSE or within
articles of «tanenengommahstate. garnents, - gl oves, footwear, and the |ike.
SUBSTI TUTE SHEET 1 un 004 WD.01/418 PCT/ USOQ' 33519 7 BRI EF
DESCRI PTI W%E@%&“&’%@eq% c‘fomg'p%sﬁtegé%%ﬁhge&myﬁﬁ"r\enf rared spectra
of a pol yamW"ﬁWﬁEPPefbﬁﬂfﬁé@%@tesheet wi th open pore expanded PTFE
substrates figa dectONPerifbfiBl £odhindile LY HRELSPIGHE Badthet NE. SaMe

material fro -8F| gure 1 rncorporation o N PYYNE noi et es by
t he additi orf"gEa" ABgD pefeisubsiratgwherein a portion of the polyamine polymer resides

within the open pore substrate.

Fig. 9 depicts another embodiment of a composite sheet of the polyamine

polymer and an open pore substrate wherein a portidn 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.
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Fig. 3 depicts an enbodi nent of a sheet of the polyam ne polyner. Fig. 4
depi cts an enbodi nent of a conposite sheet of the pol yam ne E‘?l yrrer on a
voi d-free substrate. Fig. 5 depicts an enbodi nent of a conpo

t he pol yagg@pehymer on a closed pore substrate. Fig_ Mﬁab,gtsg an
enbodi mrent of a conposite sheet of the pol yam ne polynmer on an open pore
substrate. Fig. 7 depicts another enbgdi nent of a conposite sheet of the
pol yam ne polymer on an open pore substrate, Fig. 8 depicts an enbodi nent
of a conposite sheet of the polyam ne polymer and an open pore substrate
wherein a pd?ig i18lepittstanethpoémbrdiment pbd yomeposite shetb of thevpotppmine he open pore
substrat e. d meP A B G5k FRAOLIRI @ UIRAIP Phrib ofinE pipRshe © sheet of the

pol yam ne an open pore substrate where a portion of the

pol yam ne rR?f Fesfd€§?”8@§ SHhstartialy Wy K 9580 8°r§t§H§?Fa§’E e Fig. 10 depicts
an embodi nerdjy gk d@pzﬁ@%ﬁ%ﬂo@nn%h?&ta &:fmptogife %N&%%i%ﬂé”&ﬂym&nd an open

pore substrate wherein essen resi des
within and PEPSERING Opgn Roge F%trﬁ'ﬁél"?’%ﬁr@f“ee%%?yfﬂ{ OSV “T'i dep| cts anot her
enbodi ment cpfoiymecceex;daswitmn!.rhaembsutes lagpopioh yéthneach. poI yrrer and an open pore
substrate re essenti all_of the pol ne resides within
and partial & f1f5E'F§'dtsﬁ5 EB% %Fﬁfg%%???'ﬁ%ezﬁm&e@ﬁﬁ %ﬁ X"l enbodi nent
of a conposibebveshdee open o syisirgtasivherepaiofives of thagobiamiop@nlyper e substrate

Wher ei n essegdidAkitiin 8ddh RlnelBstipdsyam ne pol yner resides within and
‘substantially fills the voids of the open pore substrate. Fig_ 13 depicts

an enbodi nefig. 47 depicts Apegibbdimehbelta asmposite shekyal themlysalinamaiyreard an open
pore substr %@a,e\éh%h%r)&\ éorE%hISét:%Eb é?-fd 4 Vi-Red oBi-ae umelesm@srseﬁmy des wthin
and subst ant hﬁ\tjl’% ] ﬂ&‘ﬁeﬁﬁﬁ % g ubstrate. %J TI TUTE SHEET ( RULE 26)
14 June 200% PPYTBRT P 13981 5eOPRR BOCPYPHES ct s anot her

emgosll rrfnt Vﬁg &Bﬁeﬁf&@%h%ﬁubSEE?Bt&fadohflboﬂ@s%ééﬂdﬁﬁme mlaumtrp rant ﬁpen pgre
substrate whe ortion o no in an
subst anti al &feeplag P%'éporﬁgﬁbsvgie and VOE(“?{%ES”‘) §E¥’ngred1ep ¢ (g" %f\lflm embodi ment
of a conposithepobiagine Myﬂn%ée%@ﬁsy‘aﬂhth%omlgﬂffewbsiﬁéfﬁween two open pore
Substrat oo MILNS RS 87 BhbBlinbnedr's Bl e B UNALTL BRomBAXRRECs! des vt hin

t he substra picts an e od| ment of a
conposite siﬁyéts of the pol yam ne pol yner

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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bet ween two open pore substrates wherein portions of the polyam ne pol yner
reside within each of the substrates. Fig. 17 depicts an enbodi nent of -a
conposi t e §R4ghis9s the pol yami ne polymer  between an opep.paliiifdiat e
and a void-tfree substrate wherein essentially all of the polyamne polyner
.resides with the open pore substrate. Fig_ 18 depicts an enbodi nent of a
conposite sheet of the pol yam ne polyner between an open pore substrate
and a void-free substrate wherein a portion of the pol yam ne pol yner

resides w thidiiicanehe m&%d%e&ﬁ@t%é@&%sgh&mﬁﬁ%hgﬁ%ﬁﬁd @Gt m&ﬂ@ ment of a
mul ti-layered | amn nate | %5 textil ers. DETAILED DESCRI PTI ON

OF THE | NVENTISER R0 %‘ﬁe ‘}F‘\’fec"é’ﬁﬂ'/@r‘? i BYEYWRT S i nvent i on
i ncl udes an eamladlﬁm!tendé@mtmmect reope] 3nimalseng plaptse ISubae imaterat ol east 10% of

its amnes a%rté@rﬁ‘é%,rt%%%efﬂmSitfo?éxé(mﬁé%Irﬁé‘ﬁn&ﬁ'l%iﬁa@?%n@&s' nvol ved have a
pK, Iessthageg? 6 #31 %Oﬁ %%“ny Torned |ntoaselect|vely
per neabl'e sh §‘§F‘f9ﬁ) s § QAW GRS B'rsoﬁrl?é'f"‘i’l}@ coverings.

Enbodi nents of tiies rb@weahh&mca%ehzédno@aweungwm%la@m&es @pigfis MOr € wat er

vapor permeabl e substrate provi rotection for the
pol yam ne poWﬁ‘é‘rs”pﬁ'ﬁQE%”gZ'ﬁﬁgﬂnqg%ys 'TWT“BH‘&”?%QU&J%‘F 8% vapor
per meabl e sub#ithegiotentiallyisgieble for vsssie epplihtions suitdad chemjcabpoteetide as t he use of

.-porous subst 5at:|e§ of J&ﬁan@ome#bsp@féhéa b@b%%hbﬂ%“ﬂ@te@ttv@%@perﬂﬁé giSubst rat e
hi s |nvent|on i ncl udes

“-materials, a § gg ﬂa s
enbodi ment s V&raeh Tse'ﬁ ipat b’b? BHe Wémﬁﬁ?ﬁgﬂ?'ﬁe FSPPAS may be made
to at | east pROG aad Wil hbvd ho afparend daipagsf susheh fregiemes posignifimabst r at es. By

cheni cal prosf%svzd \é%us@aﬁémriaewam&s@n’m@maﬁtp%fwd ﬂ%bl@'&ﬁérﬁ:l:ﬁ t hat _
subst anti al IS¥TE tricts the pass noxi oggﬂ\ %b@r nful chemcals, and is

SUBSTI TUTE GOV ngg "Sf E%?g'eﬁf' hgn Aavesrer Usoor 33519

i nt ended t o érparent dapagreshich @t fradtnres oo stbehagnificant toémlape altsequeat t hat which it
IS neant topRhalgsd: The chem cal protective covering of this invention is
especially intended to protect people, aninmals, and plants. Such a materi al
or article may Beselasiiyahergrpeabliefs meant pesegsaingsiorificantly difféingr s, | ani nat es,

bl anket s, tmab.abe&paéwe@m.ca pehétsanisa@bivRAb un@és@y@&eng@en ments, and the
o o REEREAE PURER R B SR PoUPRE
Pl i abl e mat elplgthpqnpare to the permeablirty to undesired penetrants e.g. noxious or
harmful chemical vapors. Useful selectively permeable materials would have
at least a 5 to 10 times greater permeability to water vapor versus the
- 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 1000 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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will be potentially suitable for use in applications such as chem cal
protective articles of clothing- Mre preferred pliable chem cal
protective coverings will have a hand, as indicated by a Halhfue@00st er

measur emeip p1Ris7y €ss than 1000, and will have no appar epradesage such as
fractures or significant breakage subsequent to eval uation. The nopst

-preferred pliable chem cal protectiyg coverings wll have a hand of |ess
than 250, and will have no apparent danage such as fractures or other
significant breakage subsequent to evaluation. By selectively perneable is
meant possesoinaeEnds faulting raliyation pfasiperpnd i pengluttion), iceby the desi red

chem cal pegeddishh bdditicl oabuuie filRtiGHARS WM tR\Ss Smtthe pddRR&IEQNT S. ,
Permaablllt)(tothe esue oul d be hlgh

conpar ed t o THEHER SLARYICEFY '?r8uglfh%e"§w %fau'g‘é’ﬁﬁ? P%Fﬂr%'"é)@o'&“ergom ous or

har nf ul cheni caBy ¥ae egeciddsenehnt Sah@6dle/& HeRiREIBRARBbENd WittEdreddrs woul d have

at |l east a ?noté)ac: cF'c”t%%a dLgat er perneability to water vapor versus the
perneability 10 AO%I'CEE " BF “Rar nful cheni cal vapors. More useful are

sel ectively perB}eahiseata&dméa:ala%haéunﬁbnmwsiv&ucﬁﬂsb&nﬂ.ﬂéhw&rms difference, or
even a 500 diff rence m ne is neant a

1
pol ymer hav%’aﬁanqggf’&y rS'?y Ae° lfqu’%rggs c&énr?%? ?‘}“83 %chuieSn of the am nes
W thin the fmwamaﬁ@cw@lwnewe cqmppsiteshest: |B1¢ subteate wilitbisavatesr m of
““am ne- aci d pRioepémfeablBy amine-acid noiety is neant the product which would
result froma reaction between an am ne group, which is basic, and an acid
group. The ami Bewalef rrbPeTealle isgugant havingrwatesyaper nsarssiodunber of -
chemi cal or rauhyfst @Akt 500rA@esRes such that the product is that which would
occur when am ne groups and acid grou are brought into association with
one anot her. SUBHEOMAPsR eSS %ntﬁsqhﬁ@mﬂ!&pbﬁaﬁco&m@aﬁm oftvpiofed to, free
aci ds addedmbre rhatefidd liaunglaydd 0 pp@Tsulfcedontate ahpreg@dtioNTulBforsul f ur i c acid),

or as a res r ot her reaction (e.g., the reaction of
am nes wuthbgrﬁ?’@'r"ég’f’ﬁgf{B@%@%ﬁEQQHEET (RULE 26) 14 June 2004 WD 01/ 41877
PCT/ USOQ 33519 THe stibsipateiordsibstested iy grovide alolegliant araisupporatsithes and HC

productlon) tionalities within
t he pol yam n%%ngmpglﬁﬁ:%;{:gi::%tea?g’g%&%%ﬁ%ang%\ﬁdeﬁﬂ Hig% id through its

vinyl gr oupp’f’{?c'f‘?'i‘es‘ﬁ'l BUPTY RANG. %ﬁ”%fﬁl@d%ﬁ%‘g §s meant a
nmol ecul e or proteetinindedm cleempcaks ghastictibriydlineiderwhichomay barindir otteowisd | onal i ties. By
substrate i geiRaMkIyRHERRRL pdridhRatiRld el st GRelsibtathapsk Wi th the

open pore material, a closed pore matenial, or may be an essentially void free
matertal.

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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- pol yam ne pol yner by any of nunerous coating and | am nating techniques .
formng a selectively perneabl e conposite sheet. The substrate wl| be

wat er vapor perneable. By water vapor perneable is neant ha%é@%m er
vapor tramannigsgron rate of at |east 500 gt(nRiday)_ BypepiRemsie sheet is
meant a substantially planar conbination of two or nore materials having

| ayer to layer surface contact or inpyegnation, fully or partially, of one
on and/or into another. The substrate or substrates nmay provide protection
and support to the polyam ne polyner. The substrate or substrates nmay
provi de phy sitergbnneptedtbg Gbilowhics fooh thespdres) as sEHxgbidn OIS, Paeddol ng, or puncture,

and may pr oy 3¢ 3986PU8S PhORof 5 648 sdgem cal s, particularly |iquids, which may
harm or otherwi se detrinentally affect the performance of the system The

substrate may berthe subgteate grurhe amgtseerntially, clesedlposgdatpds suatedsar i al , or may be

an essenti alglo¥ed Qitidodrh 8Cpor& R With ocdlYsiVRRERaRR WichS aiflagH hé\)l}ﬁt a material
has cont’i numtls Interco nectF%IYeCﬁor_gsht voi ds, cavitjes, or channels at

| east parti ZI'F92IPRIOSIEY Hops 2ot RATMEFE OrACESSSHEH e accessibl e from
at | east oneositicirant thelmtent o theahateali Bref@redsmtervaporpeondéait i n t he case of

open por e suasdd srematdiaR Wil B corfRsfPordBRbihalbdymids stihage at |east a

portion of thle Rol#) mneﬁolggtﬁr ali | east partially wmthin the substrate
.pores. The BRERNHIPYCSGHA PR EYAPYHEPIANGS-sui t abl y porous material havi ng
- -such IOIoen and @F%%ﬁb&ih&d&ﬂ%@%ﬂf‘é_&%lﬁﬁﬂy v%@vf}éérﬁaeﬁévm&f?é}%ne: S, S!Jchf al& for
exanpl e, a_woven, nonwven, or. knit. fabric, qr a porous meric film
Sui tabl e opg?f‘ergfgr‘:@"%f’wm&f'? F@"Pﬁ%&ﬁé}gn%ﬁ?nté’f’@?%tP"Ef‘)ﬂfﬁ%?eq to, open
pore fil s whter parioy pedmdable eubstrates ofithisoyes wip) bk ppchopstersieas gieelsani des,

pol yt et r af | yogiagbhodi@Bsics, pagé:u@rtda%gte?sdm p&ﬁkﬂe%a?&re&an&nd the Iike.
Preferably the open pore substrate is expanded pol ytetrafl uoroethyl ene

(PTFE) that is Adsiisoailydthefsubrigtesor SUBSRICEWTEY BMEETatinBMWEICRG) 14 June 2004 WO

01/ 41877 PCadHdnbdnd Hrdibried bEthe @BMBSditt dnddt FbttixambleMhkWatdrobpart he pores, as
taught in U.S 6. O the

substrate cﬁ%"‘ﬁga%ﬁ“%l\ég’? ‘eeﬁf’l'?aiﬁ%g%‘?aggésﬁﬁ%% ig%ﬁ%’ieé?? %cf"%’sbtg?g'%egghea cl osed cell
f oam or por erRiEMinG pRlyinenang subsiate wealing B srengenial whre dratugh havi ng

i nternal potdsidsite. ONES eREEPIBAHSwWSIedRigot fathieablp e siafes Phayareessi bility to
:)ngmagglr gSI &éétiﬁés%iw&oﬁééseﬁdﬁignﬁ fprotté]c%orqgtttﬁé }J&{rémirﬁg Sgi%urer n::mWat er vapor

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.

SUBSTITUTE SHEET (RULE 26)



cl osed pore materials wll be conposed of polyether polyners such as

pol yet her polyesters or polyether polyurethanes. O the substrate can be an
essential lywoypi@rf ree material, that is, a generally cogty 32004
nonolithic material |acking significant porosity. Preferred wat er vapor
per meabl e substrates of this type wi kb be such materials as sheets or
films of cellulosics, polyether polyesters, and pol yet her pol yurethanes.
Additionally, the substrate or substrates may have coatings which enhance
the properties ohe piigarsioerpdpnéeranahimetomproed of aawpsdront farigttafr vapor

perneabl e s érfa?steﬁér mQﬁ’dﬁ% o@%EénQQSPYXQérSH 'tﬂ@érﬁ?ﬁ@s&hﬁebond bet ween t he
pol yam ne po su strate creatl n er nore durabl e
mirﬁarhabar

conposi t e. Va'f"EB‘F P@Mr%r“@ be fip Rpbakyta ﬁbqp@ats%&“r ates may have
coati ngs whiwbithphieosrnilie graugs artel diraaly qonotatest tb elkyiafroupse Thel yani ne pol ymer from

such mater| gt@areﬁa.ﬂrnbémggbegéreaecpﬁ&ﬁmahénaxsc‘sqar agrbarmryem.&a%acul arly, the

open pore strates may use coat anes as described in U S. Patent
5,539, 072 THESBEERRNERBE Heecediom PRYMYISEIMESRIUH 39 ani ne

mlliequi vabelgetsﬁlgnesmperaﬁepathbryp;&neirmast P@yehhydamemenanis the mggii val ent s/ g, and
nor e prefergiqalf arluf‘ﬁa;s[the rgﬁ,ucqg,,{el |,\m#|_gﬁl_§gtp/cgtenThe am nes of the

pol yam ne e vari et in so he ami nes are
_subst anti al PSPdB%&q f6°m the C@@ﬁé‘?%“ﬁé@'f‘ﬂ@"edm%‘m?zl'%) Pﬁ’éﬁﬂ”“%?’ { hus
c.pot enti al | yrepeattiiteen, wat he amji ghstivs reagee snd Rhasg Rj inay sadwtsesitberood t hat '

N Lt 0gen- Con gl o HE e i 8URBeF HatheRB M LRSaRRy gfhes voul d be

excl uded, are not substantially basic uch basr c am nes of the
pol yam ne pol ynEhe adidit bgecien wethiaorneragjd ineigtidsovill be r@inoldepatngi nar vy,

secondary, Qé.d.t:%éd.@s%d%m R B, oPidYs ﬁ@ﬁhun@tt.g Qe rrrawnqnét, and may be
connected to a vari et ot h er S such as ar allyl, or

al kene gr oup¥nosphgn Qéi et %ﬂ‘{)vaﬂr"ﬁ'émﬁﬁf'&ﬁrﬁ* ’H’E{Pcé?/sf be imnes, that
I s, connect earbbric acidawtitrpassenseya ak gofdioti Dfuethbo A ds walllBSWR TWITE SHEET ( RULE
26) VIO 01/ 4&&%8,1,&%&&%:&&% ré@@iy Fak! m%yﬁm&nm@ aR@knadffisne pol ymer may

be conprised o roma varie al s nd c nmbi nati ons of
materi al s. Fﬁaé?‘ﬂrﬁﬁ??)eaf%téarﬁrﬁ“ﬁeaé‘dé?yeﬁ?es d"ﬁ%" §%W8 r will be from
pol yal kyl ar simssding £10.@od raisture epregntrafions. it lsmlsmpwhtfleheffmfne groups are

directly Coaaeﬂvmdn g&eaeh kraéb:a&r ae@éf aJJrge Fd?ﬂ{e)é@l‘éﬁa‘ébr%rﬂ iB@esifYhdle sel ect ed
frommaterlalg as .bo n¥VIn tatn

acidic Spemes of the amine-acid moretleé of this invention possess a

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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nore preferably may be sel ected from pol yal kyl enei m nes such as

"pol yet hyl enei m ne and pol ypropyl enei m ne. Pol yet hyl enei m ne i s the nost
preferred, and has the repeat unit structure (-NR, R2- CH2- CH233§‘QﬁQQﬁ1

pr oduced f?gﬂﬁ cycllc mononer et hyl enei mine (aziridine). The nunber of
repeat uni n°'Can be any positive integer, and R and®FUSESSch be
either a hydrogen or the repeat unit described connected through the ethyl
‘group. The acidic species of the aminé-acid noieties will be proton
donating acidic species and will have a pKa of less than 6.4. It is well"

knoun that jais i 8kiriole aHE. i) mﬁugephogahoﬁe%kgm%ba%ﬁk Hdigc/o sture, Wi

interact to fqrm carbonic acid 0ssesses &f '4 Further, it
is well knovAmHatancy mpC 3R eeﬂ"t"l'ﬁﬁ?@ﬁe? BRYPIPY e PODRAREC. Wi | | react
wi th ani nes,Menwpratihatidictspeciesrwadd indads, Sorswﬁmﬁéthyﬁmcﬁldir&ﬂﬁyr&ﬂ&s and reversals

driven by teémﬁ‘&%hélfo%nr’éré@:d ebauRdpAGe: I A0LI A Suggeentrati ons. 1t

is al so known tha]; Stc[oﬂ% acl ace weaker aci ds.
For these rdXYgRYq3c cjdicpetignimay giep ge EO@E@EB{ @Jnéff“tt"ﬁ@%m ne- aci d
noi eti es of polyiamirerpplymter ciuciposwaud result bmalsseadtiph toMe arBSiRME Whi ch is

stronger thayyddidlachl Acﬁﬁdlﬂagtg (\%\ﬂ oq'z g%gtg§m§£8é<ﬁsed % qgﬁ:%%nah?nasnof 6.4. Mre

preferred are acidic s Z)g ess, and nost

.preferred aFE"&Emafeév%% P@@Cﬁ?ﬁ%ﬁ#%&%@ a pKa of 2.5 or |less For free
‘wacids which arey Q%f&%ﬁ%%gdlﬁﬁnpg&‘neojc rpﬁetggla}/eacf%é}gd pp! ymer, —such as by

the addition_ of 0S acl am ne the pKa are
clearly undé'?cé’fpé’%ﬁ“’" E&""{é%ﬁ‘ﬁﬂ '€t° tB‘F]B%'}.’ﬁ{B'P‘? Eo'HE‘F"d is an acidic species

having a  pKa ofnZarouftaAs ARGFS & 1irfine Bk Ricfed Wil BE BbiGmPg! ; al so has
plc of 7.2 ci es _whi ch cannot esee;garatedfromthe

BB R e eelodliminea i
pol yami ne p8 mﬁﬁ?a" qecﬁes %‘?‘fﬁl"@dé Iqmediigally. cthabis; 1Be amfnes WBA| ent |y bound
within the ﬂm%m'mqueymd thetaelicapedis wilipe the @slyarsine polggsi ed to have a

PKa_whi ch | ficalyiplrtiaba bknoiiga fik Coiflithisaha LifpaRBALERe FOr example, if
a carboxylic ound wth am ne polyner, it

woul d be unB‘éf"g meBgYemﬁ ”ﬁe‘ﬁf)feézig?g yaeHay q“é‘@‘ﬁ'?f Pﬁ%" Pefc species woul d
be typi cal W‘%’Pﬁﬁfﬁa#ea"téﬁrtﬁmmdtbmagm dn gndemgiandirgodl tielospoeuksd  have a pKa

bet ween 3. oaamctaa;oasueé@fo%rahhy bipgmme ipdiymespeci es of the pol yani.ne pol yner
amne-acid noieties will be ITUFtIpI‘OtIC acidic species. Miultiprotic acidic

speci es woul d SUsgAtivelthepeyamiterpplymegen ba charaderze0 by WBuDbEAE 877
PCT/ USOO 335dAtit3 tédhalques; incluingeaa Bl Ignited 4, %mcﬁan Slthiefapus, phosphori c,

apeci o5 %'ygﬁﬁ'fs's RSB envorirbdrbbi S ?%et B0 bRt 201 S
f or ex anpl eaany @qp@ plﬁmqj(\lﬁ@ ana y51s ,
: 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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acetic, and formc acid. The acidic species nmay al so be polyneric, such as
pol yacrylic acid. The acidic species may al so be covalently bound w thin
the polyam ne pol yner, such as would result fromthe reacti &hlgne 2

al dehyde I ylic acid. A single type of acidic species nmay. be used,
or conbi n%?gﬁg%ﬁ? two or nore types of acidic species nﬁ?%@”ﬁgséﬁl. In a

preferred enbodi nent, am ne-acid noieties are created by incorporation of
sulfuric acid into the pol yani ne pol yider. The anpbunt and nature of the
am ne-acid noieties within the polyam ne polynmer can be best determ ned

stoichionetrjcally. i h mnes wthin .the. polyamn ol ynmer and
the acidic stﬁ_ga@?rgés('eﬁm';{;ﬂ%ﬁ d% %gﬁlﬁ%f @yatr’ﬂnﬁ@g ﬁ@Pﬁy@Fm%r%dﬁ?edirg? F?fs?cgent i fied by
know edge ofwithrndesaiibiatedavithin agrpqueenssolution aiptot 11.tead fesniiatioe pol yner -
Thus, . the r assbbiltitg doyRemgaRslpsiytanthé poafierad pRIE NeTiRGlivalRis@Fi es are

| deal |y det ear'm]?sevg imgr%tgﬁﬁjaﬂpuﬁrsiaﬁg? %p%ft t he ig%q‘%rs\t{s and
reactions use 0 ?o_r m-t rBo'I}f/“é' e S%W F ICRIMTeFhaY ) {ff'"?he pol yam ne
pol ymer can themgtesiabio pufe water a9 thendiratingrto oH = AnBteadideduivaienteni ques,

i Rcl udit ng, bﬁ&uiﬂ‘éﬁﬁndi&aﬁ metdq&iwlewamf?éﬁﬁhicéﬁh@nmmt% anfBhy@ | 3, ot ijt r f-t i oln,
chr omat ogr aphy., .. na ctrosco infrared spectrosc ..and inductively
coupl e plas ﬂ&fﬂeﬁﬁgﬁgﬁ?gﬁseqﬁg%hws toialé"%r\'ﬁse@ﬁ’afeﬂ&raggg% UPeCEtra of a

..pol yanm ne pdciayivaients yrijsbyrauds not beamingiacld regieties prydeaepsidefedtheTFE subst r at es-

~ Figure 2 shqugivhibts oR8MineSWhigh Walid Bk btindl A5PhBeliat ITPR pefceABh®sr aci d

‘noi eti es by the aqglht Lon gf sul furic. (AC! d anqﬁds I ndi g?t | vs of one
embodi ment SRS TAVNRAT B2 INR-agToISUES ik el 55, I8tRITTSE TBEE bl e t o
extract aci daty ofpaineeacid equivalents to tadhlaminerrnuyelepise in rprecmefesed i ng wWith a

strongly baghftessly, it let 40%Us hedsolydhinedStHARY anfhed aROAMARL-a8@dI um hydr oxi de
solution- The i‘%s]lol ution with extractant may then be anal yzed by known

t echni ques & 4EFer ni ne the type and quantity of acidic species- These
techni ques may TRE bolg@niné PblyRXBAI bRferd)be &BsPIRREOICAREYnIGRE cheni cal

el enental anal_ysi | ferred terials. al. least. 25% of the am nes
Wi thin the SRy Psotble BE: Aot c8h beaduody by SR7 o aRed mednie 2 ot i on
net hods may kBevRigdie ad Opprowteds ja ¢ress-link ¢iarhe amefignctioralitsswitimg t he
percent age @fe guljantse poiinidrN Ak BEch, BGapRGRS-lAhY SgdntyVihgE be Yakdiel be
am ne-acid Let].es: lyal.e S H 26) 14 June
i
5004 WO 01/ 287 Eflr %%‘W‘E%%é’%ggﬁ 51%’?"3?‘% F§g% %!é‘;srh%rrg?/%é‘g %‘é‘f‘%‘%‘ned by
bringi ng t hé" dBrefeTFdREGegIMeRh the RahemingsasR trossainkad aHaa P B at ed within
an aqueous epbdiide lmRagds. pH = 11, and then titrating
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 solution containing the pol yam ne polyner to pH = 3. The equival ents of
am nes which are not am ne-acid noieties nmay be determ ned b}/ iqﬁli | brating
the materighhepure water and then titrating to pH = 3. Thelhdy

equival ents Tequired indicate the equival ents of ani ne SIS d not be
amne-acid noieties. The difference between the total am ne equivalents
and the am ne equivalents which woufd not be anine-acid noieties may be
considered the equivalents of am nes which would be am ne-acid noieti es.

The percentage fe @f&T@@%B@@#ﬁWI\’ﬂMs% eral%&‘%r &hgs:gm'a? b5 may then be

det er m ned froglh‘g]r Zg%y e acl d equi val ents otal am ne
equi val ent s Yy bF’Pé‘?jp F@Pﬁ’?ﬂ@tes&f“ flaé&§t“'3&$§°/@?ﬂf the pol yanine
pol yrmer am rtleesrasaoramemiaaeasﬂzomg/l(méday)The pol yam ne pol yner will

preferably be CéOSS | i.nked, Csrgﬁ i nkin creating insol ubl e pol yner
networks, can b@ “JERYEG &RFhyf ?"‘?5? a%??' ingRONREr CRABRASPA™CGhe art. One
route is tobEfe@dlsg irplkof sulstratesshaefito suifableatp oikaMihbrecsmistirdioh  t he pol yami ne

ol yITer . AS o8istine BblyhétofeiiicARSn bmw.ngn@rgﬁémwem pip ected from ror

exanpl e, SIC esters and kyl halides. In a
preferred eﬁ%ﬁ?é@ﬁg?ﬁeﬁﬁ’é&% Jafshibe S&P%raterfa's%awmtwgawme&yt in part by
epoxi de | i nkafasopeniporembsteate, e mbmam:s mial be pessaigyalret 4 intoa sel ectively
_permeabl e ﬁﬁ%?esoif dés%@rln 2460 dnfine IRARP QRS RELLS 1 d Bk ithe, su‘%g part of a

~.conposite sheet st one wat er vapor perneab Strate. The

a
sel ecti vel ymﬁﬁ?'ﬁ‘éﬁ‘l‘.ﬂt@" c?ﬁ%@?"‘@ragle'&‘?e?c‘%?qec'ﬁ% agggs egdiianal | y conti nuous and
t hus resi st pietessing iahe@ piyfdrkaridecids indluding sutin censtlveits 3is phisidizeess, having a

Gurley air fiRe, SAPME fikd Ol'h@'réte ot‘%h&ﬂfaﬂﬂgmls J?ﬁté ees%inét %xl"permaabl e sheet
of greater han econds. | oSl t yani ne pol ynmer and

substr at es, Efpﬁgd °'ib oW AHFheeal] B??H@Fer\ﬁ gsirgrh 'E%PJ’E%“”‘E’H”@FS'W'%W n, partially
or entirel ycand:re lltutléheiwmcameneotlbyyheatlmgmhmmalet he wat er vapor perneabl e

substrate. The am _ne ol r will preferably be forned to have a

t hi ckness bet we b%"?ﬁi’f‘i’ffgfﬁ X‘%"E‘?&%"fs“ PB’akS‘Fgﬁ%‘F'HﬂP’S/O'HE?\'AE‘en 5 and 100
mcrons. | rprgwevmeans well knowimgn thetaet, o foimineoradoetig 005 nNmto 2. 0 nm t hi ck,
preferably QbmreNly aditillious @hést oMinadtthy@r 1 nm t hi ck. SUBSTI TUTE SHEET (RULE

26) 14 June 2004 WO 01/41877 PGI/ US00 33519 15 The preferred substrate will
have a water vdstic sPeeeseandagroie inearecrated.ar furthenistomoe®d, gy 4 nR* day), nore

preferred sasdf tetpefathinelpoyaee &nmsaheby WRBOhis hiySHnssi QR rate of at | east
20, 000 9/ ( r%nwgntly 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
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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A conposite sheet of substrate and pol yam ne pol ynmer can be prepared by
feeding a roll of substrate sheet to suitable nip rolls, where a m xture of
pol yam ne pol ymer constituents in part or in entirety is conth®iet h t he'
substrate pressed agai nst the substrate by passing through nips.
O, or if Qﬂ”%lgﬁ pore substrate, the constituents may %‘6’9’15?“8@% agai nst
and into the pores, if desired. In addition to am ne-contai ni ng
constituents, the mxture nay also déntain cross-1linking agents, acidic
speci es, and/or additional processing and performance aids including such
constituents _as.plasticizers fillers, and the |like. The rate of :
appl i cation eg?erit'ﬁillyso"bt %ﬁ‘a‘ea{'ss ?fhaevcgﬁﬁg‘? Pk a%-zﬁi 2 CigRed e JHS¥B% nuch coati ng
or l.ayer is 2de®id atbrenromrybsimate 38 gespectiedy. |FigiKidegictsamnthbe i niti ated by and
carried out eijbobifidht Wekrb b ol Solymd? Qo Re G ccahidlysh e appl i ed by

casting, sprayin extrusion or i ke, or by any 'neans, well known in,
the art , of Sﬁ%arcﬁ%ﬁaf'gf’e%%%{flsﬂ%w\?}ethﬁ'a substantially continuous sheet or
filmor | ?ya: PG Shiefi pRARbSRNEAR! bR Ao S Ry polffnef UTLNET

i ncor porate e. po e ner, - ans_ by ic is
may be carri éa%gu"{%"eggﬁ@‘é’%"s’ﬁ? PSI‘P'F#@{F—"EQOﬁgﬁﬁlﬁi%ﬂ‘"%ﬁéz‘éﬁ}WQrﬁ ne pol yner
with an aci ffigsresditbeygh 13.0Figt§ and Figr 9 eadlietspictalcqrapasitelshefet wherea This may be

_facil'itat edportibn 3ptPE PPIy&rAE polper mwﬂyiﬁm&ép&iﬁab}é él.f%@a?%ﬁ?st rf"‘é_e or
or € acl dlI ¢ specl es

- gubstrates wt | ufj on I.ch provides a, conduit
"to react - wi H? F%_%n%ﬁg'ﬁ@seagpwgﬁg %&wﬁgﬁﬁheeb\gh?ﬁgﬁenﬁﬂlg heiPani ne pol ymer
and t he subgelyzbiae gelymani is sertainedwithie anopemppee sulisiratee3epatdiatigonf i gur at i ons,
exanpl es of fimky b opérepdrk bitsskra@l 6. i19 dghﬁu[?fa_%p’én bbeQUSdiratelss I'n addition, it
i C

is often US%L%L i ncor porates additional |ayers

.t reate | am_nat _
of materials suc’:%squgta?lﬁ’d\‘ ﬁ'@eg “E‘E ‘B%P‘ﬁy%‘f'“? AP Alettse0 @t B\VEr ing to further
protect or auigEHEntiot hbapstria.odremet depicrancnttedimeng ofremikeget here prot ecti ve

covering NDsgsHbtet2 BN Osubs&RtAIy lbPby £ bERNeIeek tﬁ@%l%&%é PdiinerAn  exanpl e of
thisis illystrated in Figure 19. As shown in Fig. 3, the polyam ne pol yner
20 may be formed into a free- standing film or may be incorporated into a

conposi t e sheet!f asirhd, & sEbRT sub¥RRE ca BE HBRI, 8s SHHGLK BlgBredgsShown in Figures

4 t hrough ' R Fi 6 .depi c onposi.te sheets where the
pol yani ne é@ﬁlﬁggg?gfgf g%lgncfe%gs\j%%‘fﬁ%ﬁ Eﬁ'ﬁﬁé&?’&iﬁ%ﬁ%@?mﬁ&h%e 2004 WO
01141877 PCYUSHIFPRYPRINEAERes #Pjitonjainas hewecan ppea pere substiatesoi d- f r ee
substrate 233 aral 23305y 1P degicts b eiribatithenwherd ik pan pPRBuPasSUbst rate 23,

respectivel ¥ 5fd #ha afe g&%bﬁéﬂ? b%&&ﬁﬂ% 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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enbodi nent where the pol yam ne pol yner 20 resides essentially on the
surface of an open-pore substrate 23_ For open pore substrat]e% aast a
portion of the polyam ne polyner nmay be made to fill the vo Lungy
“substrate,wdgfdigpd |y or fully, as shown in Figures 8 thi@HQ#bo o F19. 8
and Fig. 9 each depict a conposite sheet where a .portion 0O € pol yam ne
pol ymer 20 partially fills an open pgre substrate 23 Fig. 10 and Fig. 11
each depict a conposite ! sheet where essentially all of the polyam ne
~polymer 20 is contained within an open pore substrate 23, partially
filling the aﬂg@ﬁnqﬂmbemgd@@tthbe.intEiagubﬂi&tejemubstmteshﬂmqn@n tigor e substrate 23
whi ch i's SUQ&bﬁfﬁé@alckr}ésEiénh@r%\éNe RECRQI AR R He R Emgl, Sssentially in
c an e

its entiret [ nment of an open
pore - subst @eﬁg Rﬂ%‘l"ﬂﬂly tb%%@'%’%ﬁfﬂ“ﬁlalsyb#) tiafq epugh itsemB® t i on of the

pol yam ne péﬂ";‘m&s 20 nowam@slmb'mermasélemmadiesmbsﬁeabmpiemty withiradded, as shown
in Figures Xgch &ﬁn%%uﬂa&raté:é gr oﬂiy‘aaﬁaﬁloﬁ bfthe ag%ﬁﬁz EP&\af%.pOd' ments of

conposi te sheet the pol yam ne pol yner isPe nt al ned between open
por e substré‘?aéjé ??'d ﬁh'QBa Fig_ 15 depicts an embodi ment where the open

pore substrat esu.saﬁlda@dmaaﬁt%eee&a&t&ma}éd@am&%éﬂ%&’wﬁwt act w th one

another, resultin E {;:('iraP %am ne yrrg Hé’o resi di ntg npletely within
the subst r at"&%" PEMIEAPE;SURSales g [mprese G't’ % BURO oL Bhowl ?rbodl nment where a
_"portion of vhesihpenbadiments ofdhe imeenti®0. tasentemned thetmbitipe ldyees a0pen por e
substrat es 3%&3&103335@%5“;0%“%@&%@@9 r%ﬁﬁe a thickness of the

pol yam ne pgl | h does within the substrates. Fig. 17 and
Fig. 18 eacﬁugd/sge{eé gﬁ e‘fﬂ%’af'%s efffﬂs‘erﬁd BITiFOSTRIE sheet where the pofyami ne

pol ymer 20 is thahtiasﬁéid ht@:b%ﬂéh e@de@f@a@tm&&p&%%drd%ﬁas eénﬁ a void-free
[0) am nEeﬂﬂﬁ) nmer resides

Substrate 2

within the E)n’a%e\re{ggénﬁ% sﬂrb%at P‘@h %@tauns%@gapgpﬁ% ramb wher e
essenti al | yS'&ﬁeFS Qfﬁhqmaﬂm%miﬂfm apd kyhatate20 Thiesiagésclugiet for N t he open pore
substrate Z&ams&maté&lamﬁasw.ﬁgh&élm nh@h€or ONly a portion of

t he pol yam si des t Ln the open pore substrate 23. It is
clear that ,l]l,?g,g% %%F%rg%rié’ag‘eésnand% ubstrat es could also be envisioned in

pl ace of the voisluskd aeremybiinfiadte s de@cﬁ:@afbs@futﬁp&e}a@e@bmﬁmar Thus, it can
be seen th A oat _or cover a water
a&tﬁnﬁﬁ’ar éﬁ%@tﬂsﬁ a%oééé%{ablep‘qg elﬂ%r ggglﬁf su(ﬂagl? H1éeagrn [ f ace. .

vapor permeabl e su strate, esse O, in the
case of opeWNgsERYEne Atremblyisdesigned t%?%ma’f@ 8 tharwhiefythgUBSTI TUTE SHEET

(RULE 26) liddividue 12366 $erfoi i0 phd 1877 PCT/ US00133519 17
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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additionally be nmade to inbibe into a substrate or substrates, through the
substrate thickness, either to a very little extent or such that t he

pol yam ne (Q?JA substantially fills the voids within lﬁ?ﬁﬁ% Et 0f‘hrough
its entire |ckness The pol yam ne pol yner may be nmade 10 Pes)

conpletely within such open pore substrates, or only a portion of the

pol yam ne polynmer may be nmade to redi de V\Athl n. It is understood that

t hese depi ctions of polyam ne pol yner and water vapor perneabl e substrates

are represepliad A¥She wle@&)dﬁﬁ&ou‘%ﬂ%\%@&eh lttibﬁatep%%l’ Bérﬁtegﬂgo‘#ﬁérent s of the
env ned hat "nul ti i ons of

i nvention.
| ayers of p{?f?/?f%f'?\@ EE)? RSt 'W%t%q"e(f’étgﬁw"ﬁpe g%FEmeEtﬁbEt‘):?'& s, and the
conposi t e shededild. batie ofeferably apossi ikde ofgwlyawite] poigsier] draro@n often be

ot i oot 2 B e R B e e b, P yar ne
pol ymer "and® @%Q@Hﬁ&ya‘gﬁ?% ﬁﬂﬁl PisER! RN inp ayeéfﬁ?rﬁrbbe ich materials as
vari ous t exexampke, atkek.ivevepot I}OMOVQT! fTHerfabrios magbetadditicslly Beatedrs, | eat her s,

and the |i kgyn d&nYsembidaaeiidls a@m |ﬁﬁér@%‘?etbl%39ﬁ§8|5ér@éasd as nultiple layers of
simlar or dissimlar materials that are assenbl ed together by any

sui t abl e neans Ofwhuarsemtharimminats @rbhgenientstd subptatestand pelyéonm as a whol e t hat

.\which the ,J,Jp,dﬁéfuéwaécoh%%a%wtn%temuerbdaaa.tal%tbtsaatcﬁ adBgRes hor creation of
~a lam nate 1nclude, assenbly of layers with

u
“di scont i nudfg* tﬂf?n"@?o%%ﬁ'eﬁ 8?'§'B?r§tm@ye;5‘°at ?@Pﬁ?"‘ﬁ?"’"egdhem ve or point
bondi ng, mechani cal attachnents such as sewn connections or other
fixations, gxgiapleswebs and thernopl astic scrins, direct coating on, or
within, partially or entirely, the various conponents of the |am nate, or
ot her wi se | Bgtgaming RolxmerayittoSsbyagsoMeptesiuinAsuch manner as they are

i ntended to funglol B0nteRrotRing BOCHHES: Wtatﬂété?m@:samtzbﬁauy dppbsddl nat e
¢onstruction i ncor wat e or perneabl e

Sonstruct| oL AERLOPEBLAY, PR NAMAE ROT STEL ML MBI Jfapor per Teabl e
Fig. 19. | rrotwa%n@b«moa@ét Ffbﬁdt"‘n@em‘dl‘y@rﬁeﬁ@dﬁgmrﬁer 20 is contained

bet ween open p@ienpuhsdxbaiis Fa%eaﬁan&aaes Wik HSwée 1BRFIallE0.bS rinni nat ed by

di sconti nugus I' si 24 _and 24a to f ce fabr 25 and backi ng
fabric 25aq53#5%g€ ? 06}%?: %’sf"\%e 78 "uou Vereacrml sfaure cured

adhesi ve §9’é9rﬁf’é$“ta“Pﬁﬂ'%P%FW@E%Uhﬁé@‘Sp@PW@t%ﬁ%“tWW%S| ve i s shown as
di scont i Nnughtsodditédsa mbdiire 6DpdIgméreompohdies.f orm of a grid, lines, etc_ The

adhesi ve SUBSTICHTi SREInd SR honer WAE 3394 VP QH4d 8
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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18 could al so be applied continuously provided it is water vapor perneable.
. The face fabric is the outernost |ayer, generally exposed t? the el enents.
It can be any textile, but is preferably a woven nade of poI@éHﬁ%ﬁQ 4

pol yester, wiy@migdys acrylic, cotton, wool and the like. |t can al so be
treated to render it hydrophobic and/or ol eophobic. ThePbHERPAT Tateri al
Is an inner |ayer and can be, for exanple, a knit, woven or nonwoven. The
fabrics nay be additionally treated Wth such suitable materials as to
inpart fire retardant properties. O course, other |am nate arrangenents of

substrates arrwbnﬂﬁédéaﬂbﬁ& pd@bMIFREed BYEE, S5 GOIRLESH “%iéiﬂniﬂ@gdg{gfm re

additional |a s, .such_as fabrj or noi sture vapor perne e polyneric
| ayers, can t'ﬁ')étﬁéﬁgﬁt??eéhEWCML%cbﬁf’?‘a‘?ﬁeﬁé"fﬁﬁ? Weerat Gofymesubst r at es:
Procedure A F¥ieTe suriehmatadatt 38701 SaBorolivwiieed Béred2awit @nd noihs, hori zontal |y
opposed,  WeHBMmRIEES SRCCH A€t Gas HBSEE t09§b°bQ§rrﬂL:- G Bk E‘&A??c{ HigaLoll was

e

chrone, the g(taaqe%togsgél was rubber coated. chrome ro was heated to
60C. Open pole exBamded TErERPIRETHST ¥AS So4Ah PR ROVISE @eHBRRHAN yTh6. 04 mm  t hi ck
with a por osFemyrasite @dlivgttne 8i0 Was feetiatocoriR ionerowit ¥ fifredmperaturesich of t he
roll's and intso-thid BidkehGhberibordkindiBl 45 se&dniSld itk M KlyhEy [ NLO i Ch was
I ntroduced a m xture of polymer conponents. nstituents of the pol yam ne
_polyner |ayer, which will be specified, were m xed together using a small
“~ii xi ng bl adelngptrecation afdmink-dicitl Moietibs: Prbeedurd A was t hen i medi atel y
“introduced i akgmblB@"AbPef ' n and into the
b Pof (T8 GorRk Rl Lilet miBd By FUERARP oI YRR

menbr anes an bsgbse_gyently e ~heat’ oven, where they
were heat ed R SHRBF-IXPTRIEE B wagGH: b preshieragupenssacidsgiutien was pol yani ne

Pol ymer wi t hprépdsed anst will be Pessolbetlir BheBaifipieswasr dipedisn ksspropyaibéot t 0 " Pol yani ne
Pol ymer wi t hisSytyichaicasa 2R AR GhenBordteeiLlddufiify fle BUAIAGPI N M xer TO

ensure suffici ent  mxin i}f t he | yimer = conponent \ ure ratio, which
will be spediPiceEl! pF"’Leﬂf'ﬁ i H—"ﬂ@gri a CSiul ar ihA asitlis SReRES phasim BASF

Cor por at i on, 3qegus\asidic, soittion irraachi the a@l28 6f thBipsigleinebolkmepakg from Ci ba
Speci al ty Cheipakss tKa RfcdiatWNsuthigefOn the dadeoald SHALS AN kit F 0duced into
a mx chanbefgrégﬂﬁ{ngtegh? LG50 onents are " blended by a notorized pin m xer.
This bl end i'S Ol Spensed ol Rt Was PP iFRqysd and apdisd{Peatiesst #i p bet ween two
roll's, over heHBhamstwagthemconditibegdryefright m aiat approgioste§URST] TUTE SHEET ( RULE
26) 14 June 12094kH. WO 01/ 41877 PCT/ USOCQO' 33519 '

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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19 nenbrane of open pore expanded PTFE, as described in "Pol yan ne Pol ymer
with Substrates: Procedure A. Each conponent of the two- partéfol yner
systemis preheated at 70C. Both rolls utilized were 72" wd 2094 in

di ameter. Wheysl§ome roll was heated to 70C while the rglba% }I) d roll
was heated to 25C. The nip pressure was set at 95 pounds ‘per Tinear inch.

The conposite exiting the nip was fed into an IR oven with a f|Im
tenperature of 130C and a dwell tinmé0of approxi mately 45 seconds to cure
t he polyner. Incorporation of Am ne-Acid Mieties: Procedure A A sanple

8"x12" of thﬁc&@%ﬁ%h%ﬁAﬁﬁ‘?@{&cW&e@é’s phleyfifd @e Polymer with Substrates:

Procedure B ueous acld solution was prepared and
will be descFaMHas werssegdn énﬁ/a@awﬁlﬁb@abrpwewwﬁpobwthawewse (1 PA) whi ch
wetted and fsidelotthetdsserofign spedifed bt oflIPAWaE iaiged 41 mddess sbikked

P pena hor Shdblf Ah YRE saRER i Rocb Utk videskfly BELCG SPoc) oo OF an

aqueous acidic solut]on amne pol yner- The
sanpl e was tfEh 'mmﬁéareéx%mm@a%ﬁw&@dﬁp@%weg%tdwé@@guwaolymrm|on and | eft
for 20 m nutoesulfuiidiacis wapbédeda Tht hesenibBRaked Baciodrd fert Relaboliosat | east 24

h , d ly 32C.
100%H. a?ncéﬁ?asﬁﬂﬁﬂae%%@?“%%%cv st e e o PR Y 6. 511

..made by Pol ydhithfsobgpgnie qicess wrtben aqused f“F"F H@elmpetthamWasVaéut and then
cdried under rotaced Martthdrdokad (G Rang vatni dNakbrator 08 at@hight twas; then placed in

a 9"xl12" %%‘Eélﬁ@&%g sﬁ%@énﬁ%&n&ﬂ%h?@%&e%%ﬁ% %llhgtl ﬁgRI'OXtITg%(?%]Y n of 109 of |PA

vvas added to % S sea t he bag was
wor ked ar oudd by O®4RRE- unti | both sides of the sanple were soaked with the
| PA. To this bag was then added a solution of 20g water containing a

specified agﬂﬂgpv or?’?ﬂn@ﬁﬁgquWhSQf@sk be detail ed below. The bag was

seal ed and the contents were constan m xed by hand over a ten-m nute
period by shaki Y¥§teaNarar faasmision fates } Weredstegpine@ HeRY thehe sanpl e was
then renovetbeedlire set forti ih LPB TRt NOWEES,73@0€Ind PetBssiim gedtdte as tiebor at ory hood

for 15 M b cHBf SRR SR BTERS LB odag Yy, ot 100- 110C Tor one

hour- The s subsequent | con OVer ni |n air at
appr oxi nateP?"“eSE'Emei'ﬁfU%% SQBS‘F? EE%HEE'TE"Q’RE'EEPQB’F'M@ June 2004 WD

01/ 41877 PCbétweed138ahe 8210, WiktiCa thixkhexdsiob Apmrbxiaielyd. tCinth. Ntheet | es: Procedur e
C 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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Sanpl es were secured in an 8" dianeter enbroidery hoop. Into the concave
side of the assenbly a specified quantity of |IPA was added and made to soak

the entirewahgased the sanple within the hoop by tilting 1 0ﬂback
and forth. Imediately a specified quantity of a 2% mi%@s%%éﬁ@queous
solution of sulfuric acid was added-, , The assenbly was tilted back and
forth for a period of four m nutes &lch that all areas of the sanpl e
within the hoop were treated w th the solution. The excess was then poured
}‘rgm t he hoogli ahthecrsanmb teamgs suﬁd&@p¥ﬂéten@d@alt&r@%@tr@§é refaﬁntslh‘@ng Wij_tP! n a‘d
abor atory o . The e was_subsequ condi ti one
overni ght i nh&gﬁ?l%gf?& g%%?&%ﬂ%‘%& {/‘"m@t@s’%g&/ﬁﬁ%ﬁﬂ'ﬁp %‘*ﬁ}S@@d ansni ssi-on
Rate Test WaWPEFIGYRKeS Whichvdhbestither detailed NamiuaRs).33wiceogietsiemi ned usi ng t he

pL ocedulre S edis-p-ahifbloeinil suifife (dﬂg&.(ajcai;gaggé;@@%ﬁgﬁhz@d;;ng;ygsa]gﬁse?éﬁga acetate as
the salt a o a _for the waterproof noisture vapor
per meabl e rrg%g%g"%‘ﬁ'ggée& H{ﬁ?ﬁ'ﬁl%pﬂ‘&?{fﬁ?&frﬁg}gﬁé&’e&%‘?ﬁé’i‘ﬁty of between
75% and 80%tested $ample thiqugh thedop tellawhich xhatietadsyth® s@vplemT helbetomenvi r onnent
was mai nt ai radtyds et haleaN air Bikintli YES0Sh A et hddermiBhgly bath was

mai nt ai ned Per bility t I s-2-Chl oroet hyl Sulfide Test Chem cal
per meat i on ?ﬂggﬁﬁﬁae 3%’8'%%“’?8%‘%@? Eo@ﬁhﬁ'f P Y epduredy - per meabl e and
__Seni - per mealsPenyEepay yiasalid serbpata endémed ampingemeaci ty Testing (Vapor Agent
“.Chal | engeNapor Pragres @kpdeBd to tho POESCRAIRNGE! s oG, ITHe bhISs e@tﬁﬁﬂéd Test and

Eval uati on %ﬁgﬁﬂge t]:‘%% er gL ng Procg %Jre 8-2-501 (March  1997) and (2)
Labor at ory 0ds T or TEPETTat P BPA£Eds I3 kel MUl thePepemen Agai nst
Cheni cal Agént greverisakae atheri@it pfithe eell 9t weeTidie calihaives. Atcatpl et ed at
CGeonet TeCha@éeﬁgiliéss.?re|p%§s?m§abﬁ@?§§@éf?1pﬁlwgo téstilg Sehd églliéégigﬂris_ tthe test
apparatus a ; ndi.tians 1o is perneabl ity was
det er i ned %e aﬁ%ﬁ%{t&;ﬁﬁ%’@oﬁfg@‘a@gﬁs&gﬁ ‘HSJ'%VE 7 Pfaé‘g'ya’?e"f"%f‘?’ ng cells in
whi ch fi | m &¥alvaling Fsatective fisthieg Systenps Agsinit Chbmisehments, CRBCEBR-i re assenbl y
i s placed wsatiion an environnmental chanber in which the tenperature is
controlled to 3@&,

conmonl y ter ned e PAPRLEE ! saf 8RRl Bini B BRER o pped” i ¢
inl et and offfATRe". Y SpecimensATe spnditioned PRvephovgs af328G end 5¢%aetativehr ough t he
SUBSTI TUTE Eikifiiy. (TRELEERGhaMRgl torAd8rRdesdthmbdiatiyBlioniftne RiaLhdlp00/ 33519

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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cell and across the sanple surface- The tenperature of these gas streans is
controlled to 32C. The relative humdity of these gas strearr? islgg%grolled
to specific values which will be further detailed. Nomi nally gu 4

m cr ogr answowB418ti s- 2- chl oroet hyl sul fide (chem cal struetsiSsasio

G - CHZCH2- S-CH2CH2-C ), referred to as "2CES', is introduced into the top
air stream and is swept across the aobested sanple through the top cell,

whi ch chal | enges the sanple. The bottom cavity is swept with a clean air
stream 2CES vapor that has pernmeated through the sanple is swept into the
bottom ai r SEyrlexflinResistapeeiiest downstreamvia solid sorbents and liquid

i npi ngegent ;Thﬁh&i?é@a_oe&pwmr&@hﬁflkt%fzma@%é &!&Hﬁééd%yjafb&{é?- The CF' I is
equi pped Wi ates, C ,_and-seals to securely
nount. t he sputggslénrgertlgrl(éﬁﬁat&é\%ﬁfm?@‘gﬂg'é@d8?’E"ﬁgﬁ(ﬁl%‘“&ﬂ ERONEESPI or bet ween
the cel | haltResfandard preggure cylindasiii0i sy’ ai endaregriice size of enecsquarak t est ed pri or

to testing. inthe Reslils sefipeited i terd R UHBTRIE iR dedciab Aldully RF thah described in
Figure 2.7, Labpr. Protective C othing Systens

tor thods for Evaluatin
Agai nst Cheffi ca a'%ﬁé’ﬁ%/sst, f°eﬁ%@%§ﬂ”aéﬁﬁi%9ﬂﬁlb6ﬁ§ge‘a??ﬂﬁ'&* ARFB¥esanpl e | oadi ng
W t hin t he @edpof4i88 inches eiwateraemsathe sampmnber, al |l speci nens are
conditioned for two hours at 32C and 50%relative humdity. The 2CES

~chal l enge C%E&?g‘a'i'ga%ﬂ@%el y followi ng the two-hour initial

;.£ondi tioning perro _ fiumis established under exposure to the 2CES
chal | enge byhe g#ei of gending efiomatetial saspwéllaas the susokptibilty tombredkagene 2CES

permeat e f oweRuvaliied using BIRAUBLS-MeRer! Rbdel RAULY 1-BT iRk, col I ection of
the 2CES p rerﬁ% eg&&{( 'agal Slt?: rg) | nﬁﬁ(?t ed, and contlnuées for a three
hour interval® GngeroThe (gﬂé%'] Ped e ohUR d8VISR oSS 2 83mRle tbadni di ty and
t enper at ur ethroyga @siot geerdrg orom flatpéhtiarar andmesasuesd tis reghieedestiditoFort he t hree
hour pelrl Odgvf-énfatiaﬁ\ﬁértﬁa! 51000T§}6?%Emdva9§11593,r5nd49&'_s&hﬂé§ \gertert ge. i rrplh nger
are anal yze : ftuoronetric techni gues descri in the
ref erence rr;art"}e{a‘lrr ?%'}Ggl%a é‘\r/%n/"} é’?’?rﬁléﬂdgﬁa%&aélbr (s:'lp'faégng"f’%ﬁaiaﬁaﬂ Pts of
i cr ogr ans/ ©FRIIRr Thesemplieavpedwene inehestidnosndiioneh wigstandgveré me span. From
this is Ob'; fiseaduéh thﬁt&ﬁéﬂehﬁtﬁibﬂfhers&h@ﬂe waY ori:jehtéﬁ ;féppeg%ﬁaﬁ)}‘zﬂzjr&@t ed | nf N
m crogr ans ec: P abi | i i.s- the et erm ned . the ratio of this
flux tot he&g%g)?'S@H&éﬁégg%c%ﬁtsﬁc}aeﬁfgﬁ s'é}hah\a_éesuﬁ'e?fcs‘raf'gds ?%‘?%‘?ﬂ s of cnt sec.
The resol ut e Reameffansamirepitapendsindqusie el binclowidelsempletteroughvis 2. 79E- 05
cni sec. SUBS3H FSBmpRHEREtddAdack 6) itslddell MRk IoWAoRd kAd 84 7 FCT/ US00/ 33519
22 Gurley A!:Jerﬁ%% 5&%&&.@% represents 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 resistance of air flow through these materials was eval uated by a

Qurley den
usi ng

required for the 100

test materi

sonet er

t he standard pressure cylinder,
one squar eyobirpBy7 Results are reported in terns of the t

cnB of air to pass through one square I'n
across the

al at a pressure

100 cnB

drop of 4.88 inch

(ASTM 0726-58) manufactured by W & L E. Qurley &
and an 0?4FWQ%?Q9ﬂze of

iR

air,

es of water

Sons

conds
Ebf t he
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aqueous solution of sulfuric acid- The water vapor

wer e eval uated. SUBSTI TUTE SHEET

a 1% wei ght
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(RULE 26) 14 June 2004 WO (c)1141

8

basi s

gggkit

JUSCO

G BolmB8iie S0 2025 of oo
h'\%ég ?J'%%)?ir Relewthe 'fﬂe@WfdAteﬁt'ﬂ'tfPthfoﬁan s material was

Procedure A"

33519 23 W/TR

(g1( m2* day)) Famniewss tieated by “B@gemine Polyineewith 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 Moreties: Procedure
B using 0.59 g of an 85% aqueous solution of phosphoric acid. The water
vapor transmission rate and 2CES permeability were evaluated.

VWTR (g/{m**day)) Permeability at 80% rh
{cmisec)
Without amine-acid 14813 3.82E-03
. moieties from H,PO,. ,
With amine-acid 10443 561E-05
moieties from H,PO,.

The sample incorporating amine-acid moieties derived from phosphoric acid
retained approximately 70% of the 'rrvater 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
substantral improvement in protection, even at high relative humidity, while

SUBSTITUTE SHEET (RULE 26)

f 55% of the
? GY285 epoxy. The

usi ng



Wt hout "am ne-aci d66405. 81 E-04 noieties fromH S04. Wth am ne-acid
119418.71 E-05 noieties from HZSO4. The sanple incorporating am ne-acid

noi eties &g h 4elﬁfrom sulfuric acid denonstrated a factor of4dus2G0icr ease
in water %V Tansmi ssion and a factor of 6.67 decredS8 4 HHHRY
perneability of 2CES at 80%rel ative Qum dity versus the sanple w thout
the am ne-acid noieties. This is an & anpl e where both inproved
protection, even at a high relative humdity, was achi eved in conjunction

\rllm ﬁn hdl {rpr %%diag%ﬁtda@éwwwg aﬁé&hﬁ@gs BERBie! trie f@m% é%%th r g:{ at Ih\ée
um di
sanpl esy §%%1 rg% Ve ﬁ%ﬁ%’]% mﬁ?'%"&%’l?dwfﬁ? 'mgB ‘?Fg‘?ﬁ" f%ﬁ?ﬁ}ﬁ’gb’ ®wit h :

Substrat es: sPmpieedure B wth a weight basis mxture of.65% of the

pol yet hyl-enei m ne and 35% of the epoxy- The coating | aydown was
approximately 16 g/n2 A portion of thIlS materi al was then treated by

"I ncorporation of Am ne-Acid Mi etfBPeS gcedure B' usi ng 0.59 g of an 85%
aqueous sol disiiredf 30@s perdadtiylenchekamiteavasaombined afih#0g plansni ssi on rate and

2CES per nealindtibyprififte 4eh BBhREd frilih A4 cﬁéHuEQ'c%Fd ny, . 84 es from H3POA.
Wth am ne- q,ﬁld noi et i )Perrreablllty at 80%

rh (cnisec) bRk o s v 2 8@941{948§Eﬁ%ﬁt@§p'?ﬁg'(a%§’néﬁg & i'hE5PEBY M9 g ani ne- aci d
~.noi eti es demiay geed inGhiolydmisp Rolyiner with &bsmeamdmpwm‘emmgloj/ 70% of the

,'V‘Vﬁt Ier Vagor tﬁerc%fl%%lﬁ& ﬂ&e?ﬁlxéchﬁt ﬂeIoW ém&Peﬂtﬁ 0/ @Fﬁf"hd nDi e][ i es,

ile reduci 0 0 e sanple
wi t hout . Tthth‘Sd ﬁﬂ"&%ﬂ@ﬁ "'%é't'? (ﬁ‘ﬁ% ?ayélﬂ‘ﬁ%’(”aﬁt i al i nprovenent
in protecti epproxmaielyald ¢imyhA pelltlam phbis Imatariel was, thewninbeifieGURSTI TUTE SHEET (RULE
26) WO 01/ 49{5307pc34tlo]a‘bf~AHﬂ%—£<9@ﬂlmePg/PMr§@51139 égaﬁhﬁﬂ aﬁ&fm@f eat habi lity

to a nuch | &t 2o \ngeu_%t basis aqueogs s0 %E Iol‘ SUSanCt acid. “The water vapor

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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50% relative humdity was at or below the lower. limt of detection for both
of the sanples. Exanple 3 A m xture of 56g of pentaethyl enehexam ne was
conbined with 40g of dimethyl phthal ate, each obtained from 4 dynecqP04

Chem cal o@pgdiygy7 Inc., W. The m xture was stirred forl,cfrmgﬁodgglgrs at .
approxi mately 60C. This conposition was used in "Polyamne Polynmer with
Substrates: Procedure A" where 40g oé the conposition were m xed with 28g
of Hel oxy 68 neopentyl diglycidyleth ? obtained from Shell Chenical
Conmpany, Ni The coating | aydown was approximately 39 g/n2. A portion of

L1 i er | lyospoidseruind uad Yot GRSTAIEAR QB M0l e
rocedure _of. a.2% a agueous sol ution
of sulfuric ag%?d(faqq'ﬁ%m%ﬂ 8‘#’%‘3‘3@? ma@?%'ﬁ’?ﬁ?é’é‘f"&%%ﬁa%ﬁy"g@e@ perneability
wer e eval uatdtesivgHRETEgHX fiam HicB Fiieeinracdidgsiontinupusdot §eBemh Thekdisec) W t hout
am ne- aci d6Siboldsd il sl ApbRRARA M By bidaufaltis 64dh1 46401, 78E- 03
noi eties fr . e sanpl e incorpor.ati ne-acid noi eties derive
from sul fur ?%:H"g(?f%g co‘ffer?ﬁ?noz?ﬁg%sga “QSFB@P’HP’E‘{?PY%?% ERy BROBOPRT wat er vapor

t ransm ssi othiglamingte wagcther restedby3incdmoratiors ef Aminé-Heidddoietieabi | ity to 2CES at
80% rel at i verdusaudio™ hrodtRitSd initl SR of SHERARIn¥e (Wl 'og bR AR HdNBg @F5 d NDi et es.
This is ano_??er . | e whi ci;] denpnstrate nproved protecCtion

_si mul t aneou$ty™ {eﬁiﬁ’anﬁﬁﬁ?l@egﬁso %ng?ﬂa(ﬂ?cl qqi_‘f’hg%atgérp ability to 2CES at
“=50% r el at i v&anampion pieqnd 26ESmermdabilitywearéevdieatest. | init of detection for

"both of the sanples. Exanple 4 A sanple was created using "Pol yam ne

Pol ymer w {h SubsStTates: Prqcequr AW tiTay wet ght —pasrs_nixtiure of 50%
Astranol (AM),,, pol ypropyl dnei WEhdahed] iresmeasdiy at80% tndni cal s, the
Net her | andg, _and 50% Ar al di tle_GY285 Bi spheno] F ep@rysecJhe codti ng ‘| aydown
was appr ox| pih&ltendrd-atid2_ A 1.1 SURRSI TUTE SHEET (RELEL£6) 14 |June 2004 WO
01/ 41877 PLTI Uﬁ% 519 25 dz/yd2 polyester tfricot knit and a 3.0 oz/Vd2

nyl on pl ai RS e i cwede-then attached to opposing sides]of the

mat eri al upWith aRdins-absk Tm Reacti ve HoB2Mel t hesi v&3HE-09588- X{from H. B.

Ful ler in. BmdiefeOmdnh AS dot pattern. The knjit

U

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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si de coverage of adhesive was approxi mately 44% by area, and the woven
fabric side coverage of adhesive was approxi mately 30% by arﬁf. A partion
of this lamnate was then treated by "incorporation of Amn T e £004

Moi eti es: wdsesgnure C through the knit side of the | afdirisgosissiong 99 of

| PA and 16g of a 2% wei ght basis aqueous solution of sulfuric acid. The
wat er vapor transm ssion rate and 24gES perneability were eval uated. WR
(gl (nRiday))Perneability at 80%rh (cm sec) Wthout am ne-aci dl15625. 56E- 05
noi eti es SO—W--h—am-re—agetd7182837E-05 npietiesfrom-H2SQ.. The sanpl e
i ncor porating am ne-acid noilet Vé§TRI@/(midy)) r on Rernkaiiiite a680%Irh denonst r at ed
a factor of 4.60 increase in water vapor trangm ssi s&qth sgnpl es
denonstr at &Y refratively 1 qw 2ZCES permeabr Ty at—80% retativg humdity,
the sanple "%ﬂmtaﬁ‘é"eé?ﬁ' e-adi d moi &¥¥s exhib|ting 8AP594 factdr of 1.50

i ncrease i haoletegiermbaBJd ity to 2CES versus the sanpl e without |the

am ne-acid hetb «4The perjmeabi | i o 2CES| at 509 ln,ative Qum dity was
at or bel )\;W%Ferﬁfeiamcfedr |imt of de?g’é?éon for] both 0%6%?2 sanplies. Exanpl e
5 A sanpl e| MQEleS % 847 9si ng " Pol yani ne Pol yner with Substrateq: Procedure
B" with a WSt basis m xtyre of 55% pol yet hyl-enei m ne and 45% epoxy. The
coating | ay proxi matel y n2. A jportio his mgterial was
~then nodifie %?w@_lsarﬁrporati on of ﬁl%ne-Aci df Moi etlg'ggé rocedyre B using
70.17 g of pEPElSTOREPEI A 3econd portion of this material was|nodified by
the sanme pH@Rdure using 0§26 g of sulfuric jacid. The water vapor
transm ssion rate and 2CES perneabi 1ty were eval uated. SUBSTI TUTE SHEET
(RULE 26) 14 June 2004 WO 01/41877 PCT/USOQ 33519 26 WR

(g/ (nr * day) Jiese fEBPRS indigatad aginogeasing wates wapor Ypnsmsriondmterwithaci d6, 9144. 18E- 04
moi eti es friacrektirfgbveld/iftshifaidianid-naifid 36bnAIB d8Mbnditing 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 from0.17 g H2SO4. Wth ani ne-aci d13, 5405. 86E£ 04 noieties from
0.26 g H2SH4. These sanples indicated an increasing water vapor

trans?n' ssivaovasY Wt hrmi ncreasing levels of sulfuric agicg 3‘&'J$c%ﬁoﬂon
whi |l e denpnstrating | ess of an increase in perneability to 2CES. The
perneability to 2CES at 50%rel ativezzhumdity was at or bel ow the | ower
limt of detection for each of the sanples. Exanple 6 A sanple of materi al
from Exanpl e 5 without incorporati.on of am ne-acid noieties was nodified
by "Incorporation of Am ne-Acid MFfX@fPesf Procedure B' using 0.34 g of

ci.tric aci d.209téPoly(vinylaninzp Freblmaéﬂ‘bﬁﬂi@hd@issghona@ﬁe%@gﬁ InBer V”\??Egtlt ty were
WG R * L LIty at r crias :

e ac o, g s CREFRCS MR, PR h oh Inficlieq Figeetyer iy E5 o0 ol ds, 7082. 51

E-04 i eti 68 °P-LONPR] 2% olide was miied by hapd with SaefraRSiieweiony basis ne-2 aci d

oi et i es derdqueslisfsobitivre oftsuifgicaeidg M%é%@g@s%ﬁ;ﬁgﬁggggm@g;eﬂ |n n(2: Ecégse

e e Ly i ettt fhow o

i ne- aci ugye I enged,

I%QT /n leJSggllgS%%,}mﬁuﬁmb@aie Vg mrod2aley fivér Hylzd@ﬁhsne)eaﬁg@gﬁﬁase fromAir

Products andnahelineR Mitikdd i hih@h, L.cals Division, PAwth an

i ndi cat ed rmlbecupg? Wellﬂ"é t oF 33@}8@%584@ %rgﬁﬁgbarm RAB?Sds was ni xed by

~-hand wi t h- 8§*drbrr spBokate Feystal trmes to obtaine seotk andiuriform odatingll Thisi ¢ aci d, 1g

“of a 25% aquestiensotedtin o hoteir cbhwsttionioven St S0RC CorHidltes, (1Hat ai neg Hgm

A dri oh) | Opoanele s Hinofuenell BISHRBARY sbprouRAGH 34 B9, "Snce per

'sA\quglrg i/ér d" eﬁ(‘f?BH'@Wf”érT'?el %éﬁnwwmxﬁmaﬁemwmﬁaﬁm waterolapar nedhf r]E)mb _

M1Tiken ustraprisstin mielwasasdasgd bobe 15405 d@idagparditid\berdiebfty (he fabric

SUDStrat e SERVATERY whd ABSsubd B B1PEBs TR B (4L QL MGO3L | NG Thi s
demonstrating very good protection and breathabifity. The permeability to

- 2CES at 50% relative 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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was then cured in a hot air convection oven at 150C for 15 m nutes- The
sanpl e was then conditioned overnight at approxi mately 32C a ﬂ‘g 100%
relative humdity- The coating was approximately 140 g/n2. T l\'/(7§t?é]r04vapor
transm ssion rate was neasured to be 15,406 g/ (nR"day) and the perneability
to 2CES Wi 4¥red to be 8.37E-05 cmisec at 80%rel at'f%”smﬁﬁgﬁty,
denonstrating very good protection anpg breathability. The perneability to
2CES at 50%re| ative humdity was at or below the lower |imt of detection
Exanpl e 8 A sdfBMe was created using ' Pol yam ne Polyner w th Substrates:
Procedure A wth a weight basis m xture of 55% Lupasol PR8515

‘pol yethyl enei mine and 45% Aral dite GY285 Bi sphenol F epoxy- The coating

poLy jodified b
ayaown was apm@éhﬁat&&tm@@c&éﬁ}ﬁcogﬁkﬁg %r e%ﬁ&%% 0. I75:%)ev\/E| éht

"I ncorporation of Amn- d |\/b| | e

basi s aqueous ﬁ'?segn 2FNRY ﬁﬁ"ﬁrr"ﬁ'@m st feeryamIBr tr ansmi ssi on
rate was deterM@G’%@"%@m’n%mm?!mw'nﬂwmmagasan extrenely

hi gh breat habi Imﬁneam‘ﬂmnmﬁmahlpkgmthﬁﬁ?ﬁﬁﬁe%&h@@%@lfcﬁl ned to be 5.86E-03

cm sec, at 80% r glapd M@cob&{ﬁlﬁ% %‘\Xg%'mr&%mgl&é%# t 50%relative

€ hand of all

hum dity was at@g nggl ow, t
sanpl es of the &% é?%g"q"ﬁi@“‘i ﬂﬁ'ﬁ'zfgﬁm&ﬁﬂsf‘lﬁ%e%@r?ﬁl%m\%re not subj ect
.to fracture or (hshew%{shhwmge subsequent to evaluation of hand by -

- tthe Handl e- O d'%ﬁ’g nal | aI I ngl es had Curley val ues
"significantly ?f‘a%e 8%’"""@[5% Fraatvely rytpeable RULE 26) 14 June
2004 WO 01/ 4187@%#%5@@%‘1@0283W%3I0aemtenvammabbal protective

covering conpri sisgata arah peyamied poiyRer WiRAdh & ISRERIY, ofe Pilya@d of a pol yami ne
pol ymer wher ein a%néleé?rﬁﬁes%go ho-d XMﬁthepd?ild%qFédxe%%nﬁé are.

ani ne-acid noi ef Lies whereln the agc Specl es am ne-acid noieties
have a pKa | ess? ﬁ?@"ﬁeﬁ?ﬁ'@?’%? Kﬂt'?%"?ﬁ‘?érﬂ whereig sgt BlYaB® coveri ng has a
wat er vapor translvm%fm asgpstantidtly gontiheays faye@ réxiiing egsénti@ly addyd and a

permeabi l ity tosirfaes Stbilsobatehyl sulfide of 0.02 cnmsec or less at 80%
relative humdity. 2. A chem cal protective covering conprising a

sel ectivel y per fehemisal prtaepesoyasng pregyisiopapaiecealy refmerbld east one wat er
vapor per meabl e corspsitd shetteommpited ofxd lepetishe @ateolpoiiemidaleadpen at | east 10% of

the polyani ne pghi BBSstraliahds ot ol RieARierbilRiSlst R Yligs i n the acidic
species of said polyamine polymer amines are amine-acid moieties 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.



ami ne-acid noieties have a pKe less than 6.4; wherein said pol yan ne

"pol ymer forns a substantially continuous |ayer residing essenéiall on t he
surface of said substrate. 3. A chemi cal protective covering ‘B-fﬂ?r 0§’I4ng a
sel ectivel ble conposite sheet conprised of at | east one water
vapor per rr‘g%gﬁég?gen pore substrate and a pol yam ne poPGHEPM@I? ei n at

| east 10% of the ‘polyanine pol ynmer affl nes are anine-acid noieties wherein
the acidic - species of said am ne-acid noieties have a pK, |ess than 6. 4;

wherei n sai d md}&@jﬁtﬁkﬁv@&b\:&ﬁiﬁhé&%%rﬁoﬁb‘ﬁﬁéréﬁﬁxie?rdté'di\?eonti nuous |ayer with
at least a port&%bgfhagt{a a%gn%‘sgb@e %gl ner residing W THF9sai d open pare
substrate. 4. The, protectrve ¢ i *e5F Witlh 0 Signdicyh d2reags t he protecti ve
covering has a SHBtesberigrypluationsthandsi on rate of at |east 2,000 g/ (nv4day)
and a pernealy |4 i s-2-chloroet hyl sulfide of 0.02 am sec or |ess at
80% relati velghufrl#ﬁﬁty. %5' vgf‘ﬁ’éﬁf?%’f'g(?f%f%gm?‘?'ﬁg"'&?m'ﬁ?%R'W\“’B wherein the
protective cover@ﬁ'@"ﬁ?&épa'yaw&va_por transnission rate of at |east
e sec or | 658 APE afiechBHARY of ol B §orS el e B P over | ng' of
claiml| or 4 or cBMpREs appvalyecyBingani ne” pol ymer has at |east 6.5 anine
el o LB S i 1 T
“¥s pliable, haviMfAyL g oretesn f apd 190uaisrometers no si gni fi cant danmage
subsequent t0113_\1%H@Mcgjeﬂmain&oﬁgwhe%g&gg&gg@né:o erirng of claiml or
0

4 or 5 wherein the oltygfpﬁne rgogs%%/ner conpri sé | am ne. 9. The
protective covef RGP LG shgetyas 8 thigkaess phbatwrenSand 408 ne pol yer
conpri ses a pol VeFY§ieBeni ne. 10. The protective covering of claim]l
wherein the p ] ol ymer sheet  has a thickness of between 5 and 100
ni cronet ers. %ﬁ%@ﬁc@g%vgmi d%'&b’e?ﬁ% Sstheendhgpeimesbily tafisr ei n t he
pol yam ne pol yr’rﬁ'F"""@SﬁﬁéHﬁ#ﬁ's BP02 gefsesiisssatiB8%gtietve hhaiiva t hi ckness of
between 5 andyzlQ, o B.Gf e g2 The protective covering of claiml or 4
or 5 wherein 1tﬁglge_er rreag?%"'ﬁ'gﬂs?fa'ﬁ‘u 15?—%%%@5?’8%?%”?&?‘?‘? is 0.002 cn sec
or less at 80% P AFKE AR UM W13, The protective covering of claim 12
wherein the wai e praletive ESBRRYBr BSinf3 wherein the permeabilty 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. | '



rate is at least 4,000 gl(n2 day)_ 14. The protective covering of claim13-
wherein the perneability to bis-2- chioroethyl sulfide is O. £$92 %sec or

| ess at 80%relative humdity. 15. The protective covering WehM or 4
or 5 wher eMR%#8Last 25% of the pol yami ne pol yner ani n&@STAS8YBMNe- aci d
nmoi eti es wherein the acidic species @f said noieties have a ply of 5.0 or

| ess 16. The protective covering of claiml or 4 or 5 wherein the pol yam ne
pol ymer is crosslinked 17. The protective covering of claim4 wherein the
substrate is afi-dpRProfsee cowiipgehichkine? wagein teprtedive caveliim isaver i ng of clai m
4 wherein the sulmiinatd @mpssed of Atd&RtoreQsver ofa¥ltgicr ate. ~ 19. The' protective
covering of claim4 wherein the substrate is a substantially void-free
substrate. 20.2%rABafiF's etdathingcamprising thg peotectitesovaibywfdaimi7n t he open pare

substrate is Cﬁmg%go Jfﬂ%&?ﬁéé%&‘%g\%ﬁ"% ee".]‘%'af"hy%e 2004 PCTI USOQ 33519

21. The protective coveting ‘protective covering is a
| ami nat e conprasagiisie mbmicﬁwacﬁmay@rcpﬁaﬁsﬂffﬂar&@e;‘y%gmeggeart icle of

cl ot hing conpri sj iﬁaeshPét E'Fi X bm7. 23. An article of
cl ot hing conprisin ‘5?8 a%ﬁ e %?‘G’g?"gfe?n%e Ef%&koﬁf?me chem cal -
protective cover:?%" %JFFW%@%WW‘M@PW‘%“%%i te sheet
cogpri sefl of Fmommam&pMmgwmm:mmﬁez;nge PTFE su:ast rates
..and a pol yarni nes SM2Git QinhedcidInfdstibs i P800 yani ne pol yner
l-amines are ani ne-@gﬁ%ﬁs éﬁerﬂp gogg[ Ieacl"di C rs(ﬁéﬁfees of said
“ani ne-aci d noi etTEs 1S ) B ConprE L RNl BEORMRTES yer is conpri sed
of a pol yal kyl enﬂbﬁf%"mﬂ%myﬁmmé’?%w #Aid jubetnies withallbastayer r esi di ng
bet ween sai d subs pertinad theipblyaraine palwrsdr resitirgwithin@acioSubitrate; pbigini ne pol yner
has a vater vap ‘?@@"5“%‘*"“’9; Brolo @ ool Ryl SR B ay) “andt &
perneability toolgz;géy- cﬁ"%iit?@&o Iapseﬂ?ﬁb'ﬁét%#'ssﬁ.;'@?e%ﬁlﬁg@e r less at 80%
rel ative hum dityt SECR ESHF temidy.i ng of claim24 wherein the
protective covugrd AN Fﬁ[‘m I Qn. rat f .at | east 4,000
g/ (n2r day) an?%émg’éél%e@é | |_t§%gg¥',ﬁ.{%-%c or %E ﬁdyieogﬁrﬁ?gaesaof 0. 002 cni sec
or |ess at 809 Watervaportransmission 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. '



relative humdity. 26. The protective covering of claim?25 wherein the
perneability to bis-2- chloroethyl sulfide is O D002 cm sec or Tess at 80%
relative humdity. 27. The protective covering of claim24 wifet®r£0fhe

pol yal kyl eneimne is polyethyleneimne. 28. The protective covering of
dei sm 24 wherein the potyam ne polynmer is crosslinked. 29. The protective
covering of claim 28 wherein the cross-1linking conprises epoxide |inkages.
30_ The protective covering of daim?24 wherein at |east 25% of the

pol yani ne wpolmrser ani nes are anine-acid noieties 31. ThECHHBHIT ve
covering of cairn 30 wherein at |east 20960f t he pol yam ne pol yner am nes-
are amne-acid noieties. 32. The prot@ tive covering of claim24 wherein
the protective covering is a .lamnate conprised of at |east one | ayer of a

fabric. 14 Jurss, vﬁb&kﬁﬁ&&cﬁﬁ%&%ﬁﬁﬂa@&iﬁbor@mﬂﬁm ective

covering of cl ai m 41!@:5 %||39 less with no _

si gni ficant damage&% equen?y c@a'{'} %Lag'% %‘?’9 %{r’{ljﬂ 34. An article of

cl ot hi ng conpragsAngHitid of Astih@ainprsing Bk Protedgvecbveating breida 3335. A pliabl e
chem cal protective covering conprising a selectively permeable conposite

sheet conpri s&8. dpliakie chemical Rintectivpgaveringcopprishigarelgpivelypsameablsor e substrate
and a pol yam ne m{p}bﬁwshmmpmeﬂbfdtmon@ﬁ%ﬁ%pbh&mmﬂlywem ne pol ymer

anines are anmi nepo%jgh | gh@?géé}%@,[ peg bfRe Of said am ne-add

noi eti-es have a e elg sa laﬁeag? ag:ﬁril'&fjpolyrrer forms a

substantial ly c ARSLREYS] BIpInGs qre am “t he pol yani ne
pol yrmer resi di n@mofmmmmmhmmm@rlmmsme cheni cal
protective cover nwafoﬁﬁsa/ﬁmnﬁanﬂbbﬁmtﬁﬁsmrmﬁhﬁea&aat | east 2, 000

91(r day) and a gg:gg&ﬁ . 0.002 cnl sec
or less at 80%re F%Se@ﬁbmhg g rot ectlve cove |in ' of claim 35

wherein the poI ui val ent s/ gram
and is conpri sedanfofatleqﬁbﬂﬁmdmammﬁmbmww%?ﬁhb@ﬁhvb covering of

cl ai m 35 wher ei nsulfilé oPODORECnEsEcr IB5S StBDBTelbtive®bimidiity.aci di ¢ speci es which are

mul tiproti c. as. The protective covering of claim 35 \/\herel n the potyam ne
pol yner i s cr @8sheipriedive ooveringofdaimSSwherein the polyamine polymer has at

_ least 6.5 amine milliequivalents/gram and is comprised of a
 polyalkyleneimine,
37. The protective covering of caim 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.



39. The protective covering of claim35 wherein the selectively perneabl e
conposi te sheet conprises a second noisture vapor perneabl en@t‘PSt rz%bﬁ
which is an open pore substrate. Wierein the polyanine poly

cont ai ned between the two substrates, a portion residing within each” 40.
The prot e¥OWE8Dvering of claim 35 wherein the sel ect iREETUR0gISS e abl e
conp05|te sheet conprises a second isture vapor perneable substrate
which is a dosed pore substrate, wher€in the Pol yam ne  pol ymer is

cont ai ned between the two substrates. 41.' The protective covering of claim
35 wherein t 2. Tied otective byveiey dTeRbh 85 widhiPHE bbdh pPheRbst'R | Ses a second
noi sture vapor genpeal @t e which is an essentially void-free -
substrate, wherein the polyamne polynmer is contained between the two
‘'substrates. 13 Therpote@id colridylor 6ihiy 30 weldin 486 Qdcdnddiien pered2. The protective
covering of cl aédggt;“g'ia@y@% dge;,ggn&g?,ch_-?ore substrate Is open pore expanded

PTFE_ 43. The protective covering o aim 39 wherein the second open pore
substrate i s 44pBre piecdivesqyennget clii4b or 44 wharbin thelset@aipdae@yer i ng of claim

40 or 41 wher el doniphi&ado 6 phgktSd e is conprised of a polyether polyner.
45. The protective covering of clarm 35 Werein the protective covering is

a |am nate @ébniheipsaertivd coyeringeficitinSavhiemitethe prbteative eblerifigis46. The protective

..covering of cl aamnate coriprited bra leBst dhe RPEIdf RFabiP00 or less with no
- significant damage subsequent to eval uation of hand_ 47. An article of

““cl ot hi ng conpéiemptactiee gavering of claitn 35mv ¢$ havingafhaod of 100EI6r less
with o significant damage subsequent to evaluation of hand.

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





