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PCT/ CA00O/ 00594 REI NFORCED NETWORKED POLYMERJICLAY ALLOY COMPCSI TE FI ELD OF
THE | NVENTI ON The present invention relates to absorbent materials. Mre
specifically. the invention relates to a reinforced networkedZBNO¥r¥8Y cl ay
all ey conposite useful, for exanple, in containnent applications such as
landfill liners or covers, reservoir liners, underground storage tank
| iners. secondary containnent |iners. and man-mane bodi es of water. or
personal care absorbent articles, including diapers. training pants.
| emi ni ne hygi ene products such as sanitary napkins, incontinence devices
and the |ike. BMCKEOUND DI SCUSSI ON There are a ndf¥aM™s¥ commerci al
applications for absorbent materials. including, without I|imtation, in
contai nment applications as landfill liners or covers. reservoir |iners.
under ground storage tagk bdRGkRonaS FARR YA GQBI wboRPt |iners, and
man- made bodi es of water, or personal care absorbent articles, including
di apers. traini ng parthsSwvelfdld ni ne hygi ene products such as sanitary
napks ns, incontinengg QeyYivehs <8l d kb hdekt . modlibdiBy, il BeAPRILGAL | ONS are
diverse. there i SedR&deufofd pcBmd®t £y loddosie LNk B@mdeME-AMRE 0@y absor bency
and/ or flui.d bar & efiendd QP ekddrO&ervolRls. JR%AIRERce RinMBSIRrcONt @i NeNt
appl i cations, hyddieakdnisrs BambninRde Socifs aifvaid. @ Gise cdBoRB ERPEnng | eakage of
har gf ul | eachal epesnbithg Bts: EaGEerySRthc@iBuUng sonet ©#ss. ndbrmerivaicvade bodi es of
water, a hydraukdwe barrier acts to contain the water within an encl osure
or defined inpoundnent area.. In one type of liner, hydraulic banmers are
of ten formed frometreptngastussionSpeci fically. benlonite is adm xed with the
sai Im form ng t he waffeestralbe oigrar@@oriciyser sceapat gretas gfuopdidheent onite with
wat ér, the bent'ofior & SHEET WP @IeY dstapiynst §f cofes| gy olifsrstpreroresi®e¥e f ound in t he
soi | . However'® tiEsiaPergrEenTepit ot TapETrees o “a5f o M GiiPTE* Ul one may not be
sufficient for tHEsCBHIPEPHMENT? GY™ CHPFETIREL T 617 UBIY "WiSt es. US 3, 949. 560
(Aem April 13, PGS T TS UG BV YK SE MY S W AT @ BTfbsi tion dry mi xed
witf soil, The BEIT 484w aﬁi""’*&%?‘?ﬁ%%‘”f”’%ﬁ""&"éns| sts of bentonite, a

or exampie, N wasie conidinmel lap lications, hydraulic barners can reduce lha esca & Oof
vater . SOl Ubl e dl S eufharmnﬁleac Iesmios aceandgrc:jnd walarh In rnan magebodéso wa er

S ubl e pol ynmer. The
wat er - sol ubl e°di SPEr ST NG AT LS AN OSRN knbon AGbr
G2 DN OhACR

e Ble t° sulfate of
R%GBX (R I S a C1 - g!hrgrcl%aplmmers)é'eLi!&foﬁlﬂdf@Jn &%ﬁenﬁacmga%ml'@;ls amTDnl UIT) or a

| eoffardi | & sal t . b R SR oA T REL G, Lo~ S MR BBl EBF walsSndd0l Yacryl i ¢ aci d,
ureter-sol ubl e S@kokiSswal snfdRled ALYk Jols 1036 b Ho solNYIEQ Y ZREbosorRB dpacRCT Yl Oni tri | e.
pol yvi nyl ac et atcenoR@bidiakiefWilve stlicerh @k contsbapolsyaBliessofe wisbe f Or egoi ng or a
copol yner of acryl i os2iseh @ncoimaled €aarhydeis@de coomabrerie@@nt ai ni Ng
encbosure i s forseete fdsam fol@siig@indsis & entbniesaab-advbie dsiispotegsti e @l cont acted with
wat er to hydr at esdsina@cisent @iret. @he walthuol @Bt domGs shypairogtaerdatartedcOsure i s used
for cont ai ni ng RREAVER s €A mrkearrent XaThn YtRidmed praeretiym) @d leogsetgtad. TNo rei nforcing is
used with t hesaiefomsiyiat-solugergtmaripoprivig pegaie-solS sas (I&B7SY e Sept enber 13.
19744 . US 4. 103.r4Fgric @’fﬁ'"“ﬁﬁﬂgﬁﬁ‘r“'"&a'cmiwwer%ﬁf°l58'"9°4“ “roity °5B8 (Cl em
February 13, 19792 T Feeyise Ao fatsr rare i er: ‘Bansr < or*"oj st ure
i nper vi ous panelm "EBRPPTES “BY © AEE P eal e S BRI ERES ‘BT ween two

ed wilh | dustr:flwasle Nhremforcm?_]aé1m |s-used\wl?lhe £0I sod Of a corr Ugat ed

paperboard sneer8*"Kt '“”"‘am'”‘i'l ¢l
papes board carrier QJWIB% h1 ple%g,umnﬁuma_m%Lm.masﬁegsﬂmrboard faci ng

ealam mixture
S h eets 4,139,588 (Clem. February 13, 1979) all describe 2 waler barrier panel or moisture impervigus panei

comprised of 3 soil seatant sandwiched between two paperboarc sneets. More paricularty. the pane! i5
formed of a corrugaled paperboard tarrier or form including a pair of spaced paperhoard facing sheels
50 40  inlerconnected by a paper corrugatea strip o form a ploralily of voids. The voids are filled with the soil
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i.nterconnected by a paper corrugated strip to forma plurality of voids.
The voids are filled with the soil -1 SUBSTI TUTE SHEET (RULE 26) 55 2 O
Nov 2003 seal ant conposition described in US 3,949,560 and th&tﬁw@g f the
panel may be sealed with wax, tape or water-soluble gum We

wi th water, noisture passes through the paperboard sheets to the soil

seal ant ceapuwsertposition debreibe it U 3561560 be gages didhe pivial vay eceenled yith vea- cal | ed

geosynt hqgieGyr cqla@azsolub:esnrﬁ Vinefebnideted IMPwBCARRUE sésa&g tN8hioh 1N fBdr¥oars accept ed
for use a er of bentonite supported by

a geot ext ?'?egg/’(??heaf"’" ﬁé@ﬂéﬁ‘ﬂ?"éﬁ%" Wﬁ%}]}'?g?"?‘mﬁ%%“ﬁ hical |y held together by
needl i ng, sti tMord nagpntyr sedaligr geadyniaelisaioy Nrers.('GAR") berpptamectatiyelDEe!pr epar ed
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a water swell d‘{ﬁleéa@éﬁﬁéﬁchptﬁﬁaredm@ aggenaipal agiegveds pravived inddhp NP Erem.s cl ay
or a dry Aiodul,apsdy ®ispaRnidesdib@s waterPédting Qi eRrd ovedt@ im@alioubireemdisrioer

such as pc%ln}éffk%EX Ié/%rs%?’{rl]e%ble%g}qer@ v\ﬁ\g%t ggte?@lh%@aﬁrg\ﬁlr%ﬂle Eg%%oﬁBmlea\epn i's

secured by usin er water-s e ofr -i1nsoluble or a
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Simlarly, o? %mnated
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sheet . Thercolating tivough deitinércatbeit gerasiownt i mate m xture of water swell able clay
and ajgre-for @ﬁha@} asu@Aes73 (ﬁé#ﬁéﬂ mchmisa@rdaayb&rsaaraﬁuiéﬁompwwm|me. a The
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e _et e an
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sol ut i on us®g ity sswe davcoppesition agHarigtavure printing, msting or blowing with
a sprayer. JPJP%Q@M&)%QKJbb,%Smatdlﬁéﬁdmawoz\dsta@(v@atmbé/émr) desthesdne@sdiyer 25
adher ed tc%maposslup |na é)rqducexggapp am%r?orrge?gﬁagbﬂ%ﬁlul%l& ngsc%gn %ﬂﬁib%ﬁlré 606 and

bi ndi ng two'su ayer E: nate,
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addedzaf t @hereti® aaslbetrate Vagerl SP BBII@scribed making iam gdhiesig: fordiniding td sulsstratemegérs dur i ng
the pol yﬂﬁ{]b&é’ihé Qfamrnst@%' etn)Jp eﬁéaddraﬁlléaataepqw@ré@mer E@h aﬁamtmranw ng a

chem cal esi ve, | a

oget her BYOTBRERBE SRl Aol ol 48 2Ghbe e Al eaa e R PR e ©

i nst ance, pmerlzattﬁﬁsacmﬂ& (Crawford, January 21, 1986) described a noisture
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bent oni t € Fest LY Ffac ¢ I's secured to
t he base 4¥SeE8 (Qf@wfﬁéﬂaw%hwéﬂéssce@@ﬁéﬁmsw 'F‘H%F‘éﬁ‘?@t%@h“ml’ﬁséd?cti"?chl ng
forns eitiaeic layeislqbizd tayempa raiioemts rembd s @kitmmgatveda tae shegtrhetbecaypart nent s
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internedi at e |EEy/$0450B AR (WREET et 8WRIstIGBS g arR| Hadhgtab febliciyyessaacinictingd bet ween
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in these GCLs, the clay particles are, either adhered onto the geotextile or
geonenbrane or are physically confined by opposing | ayers of geotextile or
geonenbrane. The opposing |layers of 5 geotextile or geonenbranes are
mechani cally held together by neans such as sewing, quilting and needle
punching, which [imts the novenent of clay particles therebetween.

However, the clay particles in granular bentonite used in these
applications are typically a couple of mcronmeters or less in 2 0 NOV 2003




5.10 15 20 25 30 35 40 45 50 55 WO 00/ 73596 PCT/ CA00100594 di aneter.
Further, the void spaces in the geotextiles or geonenbranes and the spacing
of the stitching or needle punching tend to be greater thantiih@'éi]?f
the clay articles. Thus, it is still possible for the clay pa 0

the GCL to mgrate out of the liner. particularly when placed under a

hydr aul i cquifiing.ss oeedle lgpmingi terirtercaahdsblitterssf eglfabric Bydrto theotbeyaboniayer kirpeagedt hat
bent oni taoémlsloﬁar\éﬁsleht:ahﬁhé érﬁ.mumgreabbrtbommérlsy in. water containing salts

and/ or netaIsThgy% Segge

and the
i ke, Thus. wilPe B Pari T B o B B e B e R R B g "
i nef f ect iy erelphysicelyrognfingd bysaprgesingilavarsief Qﬁqleﬂéﬂ gr gaqwnm@sormposmﬂaaers of
concenslt ll’ afebt@ffe or QEMdRBFanpd £ hethawtdip nérllogdiher By ks sidi@s BEMOaitig ahé
typically ste water
can fl ow r{eﬁglgﬂﬁiﬁmn%&n%ltgk% mold%[ﬂént F#cﬂ?&sﬁq@es%%@bg@%én I-fowgver %he cYgayh dr at ed
after i nsﬂaé’F'P%'P |9Eﬂ‘1“'a"lbl‘ﬂ“§”“}§r“ée°d?/H‘F%tﬁpa'ﬁatﬁ’t”éﬁe yaiely aleernippf fnﬁromtemm §s inf or
exanpl e. Yet another problemwith GCL's is their weight. Typically, a GCL
wei ghs nore then 5 kg/ nr. Because of its weight, Transportation and
installation costs are significant. Accordingly, there is a need for an
absorbent material for containnment applications, especially 15
envi ronnment al contai nnent applications. which is salt wafer and contanm nant
resistant. Also, there is a need for a barrier liner that is lighter than
GCL. but having substantialiy conparable or inproved barrier properties
versus GCL. Moreover, there is a need for an absorbent material having
intimately integrated conmponents that do not disperse and/or mgrate from
the product, particularly when exposed to or imersed in water. and can
effectively absorb water containing salt and/or netals. 20 SUWARY OF THE
| NVENTI ON According to the invention, there is provided a process for
produci ng a reinforced networked polynerlctay alloy conposite. conprising
the steps of: (a) preparing a nononer/clay m xture by mxing at |east a
mononer, Gay particles, a cross-linking agent, and a mxing fluid in a
vessel: (b) contacting 25 the nononer/clay m xture and a rei nforcing agent:
(c) exposing the nononericlay mxture 10 a polynerization initiator neans:
and td) polynerizing the nonomer/day mxture in the presence of the
reinforcing agent so that a reinforced networked polynmer/clay all oy
conposite is fornmed. According 10 the invention, there is also provided a
product produced by the process descri bed above. 30 According to the
invention, there is further provided a reinforced networked pol yner/ day
all oy conposite conprising a networked polynerlctay alloy. wherein the
alloy is a chemcally integrated conposition of polyner and clay. and the
alloy is intimately integrated with a reinforcing agent so that, when the
conposite is inmersed in deicnized water. at a tenperature in a range of
fromabout 20'C to about 301C, the alloy swells with substantially no clay
separating fromthe conposite. 35 According to the invention, there is
provi ded the method of using the reinforced networked polyner/clay alloy
conposite as an absorbent material for a personal care product or as a
fluid barrier in a confining stress range of fromabout 0 kPa to about
10000 kPa. wherein, when placed under a zero confining stress. the barrier
has a deionized water flux |ess than about 1 x 10e nB/nR2/s. -3 SUBSTI TUTE
SHEET (RULE 26)~ 2 0 NOV 2003 w o 00173596 PCT/ CA00/ 00594 5
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10 15 20 25 30 35 40 45 50 55 BRI EF DESCRI PTI ON OF THE DRAW NGS The

rei nforced networked polyner/clay allay conposite and the process tar
produci ng the reinforced networked pol yner/clay alloy conposi tz) KV 20§
present invention will be better understood by referring to the follow ng
detail ed description of preferred enbodi nrents and the draw ngs referenced 7
therein. in which: Fig 1 is a scherr and of one enoodi nent o' an apparatus
for use in produci ng one enbodi nrent of the reinforced networked
polymerlclay alloy conposite: Fig. 2 is a schematic of another enbodi ment
of an apparatus for use in producing one enbodime e reinforced

net wor ked pol yner/"¢¥ay all oy conposite; 10 Fig. 3 :}gw%tmg%ﬂenatl c of a
further enbodi ment of an apparatus for use in produci ng one enbodi nent of
t hedrei nf orced NELWRTKEL nPRL YRR IS beaidhicdd: LemCORPOGH shaig ofie Grenindd 1S @

gr aphi cal repr esghta@bin@h @f 1o de BRie@SAkde S m0fiay e frlslide stk @8dbie iome Exanpl e 6 f or
3.5% (WL.) NaCl cagRhidt b @rtcanelgdielde of A ipd. prsiady bridoeafedimsecomsantesonal GCL under
simlar set; watgeeCaacdiots ons indicated by the dotted line; 15 Fig. 5is a
graphi cal reprsesent atsk@Ron@inewd @oef@@ erels 8= O fresrt e of doerxin. batsserignme Exanpl e 6 f or
artificial seawatercand. ezsrinieneryrd. ki xinf wirsog onteirt Thondile SGEL under sim | ar
Sal | wat er condi #detenge chrivd jocresh €. thry are efrevedayert 'eda‘ei'*i"ﬁ"é’;'?a'lﬁr“g".“ﬂ'ﬁdi S a scanning
el ectron m cr oscopec{8Eys m cr ograph of a top plan perspective of the

rei pf orci ng agent uset peveExhPRyF RhA7he betpries eyl PP CHYTOR" Bf 140X, 20 Fig. 7
i s an SEM ni clogremi »uf varehgirdeed™ Por SrretGEFt g tbiffari son in Exanpl e
7, at a magni f iR B BT OTOR PG B 1S &R "SEM WTEF ogr aph of a
cross-section of a r8PAFRHREI"TEt VOPKEY" ﬁ’8‘f y r?feGFV"Ethsmm 19 @ conposi te
proguced in Exanfifee s e "é"swgﬁ?"?'“sé"ét"”&s o) g

an SEM
cnr in here s an far an absorbent malerial tor maunment appl: fion: espec a1|
m cr Ogr aph Of a CLronme tal. cnnlal Enl appll atlons hlch 15 sall wa?era ac@oiamgg \rléa@!an »-(11 Q\Qi !yarrer/ Cl ay al l Oy
25 conposi te P o in AR

erquan coL. @ nafhg TRANL b @lele oo ver0X: Fig. 10 is
an SEM mi crogr ap;h, [ B TP S S GE Fbd e aPho L BB Mo hlay €1 N OF Ced

net yorked potyngr ,/E,,golca,gmg, [h2¥ & QANROSId: B dlirROACEM:, b cuEl AlTPdxRsed’, at @

magni fication Ofto ngpiggged uFulra andjegned’e@ve%su@@\éﬁ]laﬁf)ﬁ@ﬁﬂ%e@; a cross-section of a
wat er - swel | edsor ei nf orced networked polynericlay alloy conposite produced
in Exanple 7. atsuamimmgihiEineatinvon of 4500X; 30 Fig. 12 is an SEM mi crograph
of a cross-section @fcordvg WAL @Ento6 Wed i @ ebeq@@boyBIPocul & liGurko nebopsd,  at  a

magifi fi cati on of poBE@N; sickiogaste. dBAamwciert BB) mepenod mawierigsryayadinion phot ogr aphs
taken of Sanpl e sfestmmimxangt s profsditing 2420 2i¢aTrEm 8190 R >IN ERI after 3 hours
i Mer si on i n Hei Gmereedeapteendf PITBY senEp gaosra A PRI TAB® &F e dr awi ngs based
on phot ogr aphs  teakwte ef ! BEFET v MPPﬁ‘e’ES@éPﬁpﬂ"‘@”’B'B"ﬁ‘PT"b'F tne *’3’5’"“6 %™ mrersi on 114A)
and*af ter 3 hour® TSI B "TdBI B DET Rl eP LA " and Figs. 15A and 158
are draw ngs based (’J‘ﬁ“??ﬁ'&t" r{j?"a?bhe"“staéﬂfié’"ﬁmd" "“ga”md e earo‘"“I?)?sc"el e 8 prior to
i mrer si on (15A) M after del.anl zed. waher 1158). -4
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DETﬂI LED DESCRI ﬁ it ﬁg ,EEEETE&R%E aﬁlybgﬁ |N|1il\£[a§d wlt 5relr1éng’]'agenlsomai

when the composite is immersed in deicnized water. al a temperalure in a range of from aboul 20°C 1o

about 30°C, the alloy swells with subsiantially no clay separaling from the composile.

35 Accorcing to the invention, there is provided the method of using Lhe reinforced networked
9 polymer/clay alioy compasite as an absorbent material for 2 personal care producl or as & fluid barrier
in a confining stress range of from about 0 kPa ta about 10000 kPa, wherein, when placed under a zera
confining stress. Ihe barrier has a dewonized waler flux less than about 1 x 10™ mm’/s.
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20 15 25 20 30 25 35 30 40 35 45 50 55 Definitions "Mnomer" is an organic
nol ecul e that can Conbine with a nunber of the sane or different nolecul es
to forma |arge nmol ecul e naving repeal i ng nononmeric units, wher&l NOY &3
repeating mnononeric units have a simlar chem cal architecture and atom
conposition as the nmononeric units. "Polymer"” is a |large noiecule built
fromthe sane or different repeating nononeric units and typically has a
nol ecul ar weight "in a range from about 10.000 to about 20.000.000. Polyner,
as used herein. also includes any polyner nade fromtwo or nore different
repealing units, such as copolyners (i.e.. conprising Ilwo different
monomneri ¢ units)VO®&®hol yners (i.e.. conprising t nFEEE Fi'er ent nononeri c
units), tetrapolyners (i.e,.” conprising four different nonomeric units) and

so on. Moreover, the reneating.JRRTEric units can alternate in a
sequential pattern (. Grrces RrbelSordtlrey o) QFKRAE Sledds i Bodlbingme A- A- B-B), random
pat tern (A- B- B- Aéiﬁi'c@neltgrkedgé}nbélﬂﬁgylc&%m Ih%e&gfnventiAnQI beggmrné'rsmbdsy al SO bUl | t
fromthe sane Orrefmns ttieerfﬁﬂﬁug dglﬂﬂgﬁ&i;nﬂgpmm&meum&rﬁ drmgs rdreencey Smal | er
nol ecul e than a pakywes: and typically has a nol ecul ar weight in a range of
from about 200 up t Giyakouteran QBocaimeROlABERE s BAtelin@Routing brk tr@itoaen Means” 1S a
chem cal subst anges rergpadRdvwkaadbirieidapdby @bio@f, X-ray irradiation. irradiation
by hi gh ener gy sub- a&hork ehepadi 6dne Sybo@chantopipes @ fse h acbbagdron havi ng a
wavegl engt h | esserbdagn cale@utreed @waneqrpmg-cioleloaetresteel y, hi gh energy irradi ation)
and conbi nati @ns t hewesd sietrado sam sinneTee gdserearprh br upedrgretefngpty of a nononer so
t hat a pol yneri zabaion oot repbriegyomed 2 aericeyd'ocasis r eacti on bet ween nononers
is.initiated and a [BlyneErhcyEersipigreisresd s ' i FEtE-=mAr ° 't e Mppropri at e
tenpgrature, cer P BHEATTE VSUBRTEREES " BEEEHE &1 tRE @' T oni ¢ or free
radi cal species YRat'*tdh react with a mononer al one lo produce an ionic or
free radical HonomerPd 8HRET EE="GH ¢ 'e?gﬁ' e PREUERE YEACE with anot her

seawaler immcrn fiux f9r copvennional GCL unget simier salt water conditions INcicated by

nmononer, thereby 1 ni 7 at' ng & pol ymerizatlion reaction. Al'So, hi gh energy

e dotted line:

i rragiation can BE"USEY, 1.0, RLAMGE.RRe AkoGn 85 ofohiS sk AdlGal mononer i C
species froma mpponer. andl Q.8 &hemCal«s4bst ance other than a nmonomer to

initiate a polyneri za;kL.Q8 KRa6h & Hmsted fArRSRa brledlch B0 AP s | S @ cheni cal
subst ance, phot ons.REPGHeEEd from a radiation source and conbinations

t hereof that assi st ek Bis i@ENHidIGapBor DioksAioh s diBicRbeyror@foWaediy ip0 Or nore
bacRbone struct Wedssie shoatenedaryr. fuhdringlogor NOMeri ¢ units (e.g.. oligoneric
or polymeric units) rig TRMSEM SroBrDS Scrobsisiatet dgertge@ Mworkec @iamelirai skge ol | goneri ¢ or
pol ymeri ¢ spesi esmeeitdoh@tec idtssmiongat onsoeifatoey 27¢hei r f or mati on. " Net wor ked
Polynmer' is a very [Fanrgpen 58y oirgbsectiie » fagrared replyreeg reyaisd | | nking nul tiple
ol i goners andl orropeicprrer gmebsty PREEHT BEMeE Wit ETRGRNEEYEd pol yneric network. A
net wor ked pol yrmer cé&n ' issniFl merpaprrste rpshiedtinnef 2 T wr'id esirpsettive’eh ol i goners andl or
pol ymers, wher e ffrevhicepoeste raued it Bimaede f e e ®8%r the cross |inking
agent itsel f,*®br anchies =it Y EHEEP" 3 “thE B4 e KISHTHE™ ST E4CH BY F §oner andl or
pol.ymer or conbi Ta'FEME*ther eof . " Net worked Pol ymer/d ay Alloy" ("NPC
Alloy") is a cheni c&F Y TH%t PRS- SHBBETT 6 5T Ap')"oEra?grgr" “and clay. day
parti cles for m & UHEAUE ERERT E1 SRS OLI LT LI, Lhe hstupy ked pol yrrer as

i t I S for ITEd 153 Tlpig e(rzl'or;el‘lh?(:’na']:aﬂ:éd;%vrvsl.onsg:!::rassmr! inO:qunize yater QB}: af:jor exarrpl e’ \M t hOUt

i mieg at i on. _t:h_r otgh FitLYQJanQ?BQ,e JANALIG o ohdo@IMs GreDLAISG, e¥Blb e Val ' s/ di pol e
bondi ng, affinity, DANdicG .&Nal BBk AgANRE. conbi nati ons thereof. -5.
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is 10 20 15 25 20 30 25 35 30 40 35 45 a0 50 55 WO 00/ 73596 PCT/ CA00/ 00594
"Reinforcing Agent"” is a material having a sufficiently porous or perneable
structure 50 that a networked polynmer. andlor an NPC all oy carzlptﬂnmzmound
end/or in the material's structure, thereby providing addition support
andl or strength to the aforenenti oned networked pol yner or pol yner/clay
conpositions "Reinforced Networked Polynmer/C ay Al oy Conposite"

("Rei nforced NPC Al l oy Conposite") is a macroscopi c conbi nati on cononsing
a reinforcing agent and an NPC all oy, There is an intimte

t hree-di nensi onal integrated associati on between conposite conponents, as
opposed to a sinpbertwo- di mensi onal | ani nate conpo&Ft¥*™Sthere there is no
integration along a third dinmension. General Discussion A reinforced NPC
all @y conposite of the present invention is an absorbent material useful,
for exanple, wi PHBHY FIRTTATon, N contal nment appl i cations such as

: Iaﬂgt_ Isl l Slelcgﬁ{jzr Xr Covuemrersls anl;rea%eﬂla’ol\éccu)lle 1Eal clan cpmell;! v-!llnanumber?rhggn%lﬁlrQQErentt or age t ank

cules to prm a ar e mul r;ulel '*ang repballng ['ncmornerlc urﬁJ \ﬁier :nQIre regmnrllg nade bOdI €s Of
wat QJ ! or per S‘Ona nnmer-c urﬁs have & 59 llar gen’ucal ?r'ghk %%tbm JO!J;BGSJIII&AQJ lﬂgoﬂmeﬁgrﬁ! S, tr al nl ng
panes. fem nine nygi £NERE 9%{:

LS oS P 3% o SAN ALY, AR NS e | NCONL T NENCE
devices and the |jKen. e Vb MENom 20Po b BbibRR S och Pey-e0aRASI te materi al
preferably absor Qg Wt oyl MoBoP@ & hluineren Wibindinid, RO BAGmed el atively

| ow Per meabi | i tY 1 QomfVBo®lo ditrefld hon@a ol BENymdrslc @ UbrlGing B airfdHi @k car e
arti'tles, thei, CORRRAShdSrsTaLErisad rufafidfi @bakliyniasscan Ri-glar mat er absor bency
capacity. As di ScussREnondf o fablddmyhe Dkt pait-hieq. propepti.@snafied he rei nforced
NPC al | oy conposkte-scanabe pad nstedc-dependbngnsoe=t he application. The

rei nforced NPC al | oyog@aposs digto@he st e diyed s@pbo rorventsbore shets | npr oved
residtance to chesiegalacovel eg trcammagmetiawisaids rared conm Bevckodyb ©iveyyi cal
degradation ims se®face and subsurface conditions. By inproved resistance
to chem cal degr adat Paynrerizs\geniiges Meenst fpre™ e fPEes IS 12t BYHAS“ P npr oved resi st ance
to, for exanpl e, m#irtehRIE by PP eeey PO PO SRR SRRRPRY P2 "R AMTELE fluids with
hi ghs heavy met al '€ BHEEHIC BFAPLP. "oAEPe ey Brer B0V RPPEVER “F 8STSt ance to

el ectromagnet i c BUYFAUYUE B W > AT PHA T HE"COPEET I'€°flas an i nproved
resi stance to*ul T¥aVE BIEf” ﬂ?}‘“ﬂf"'a'g"mf'ﬁ’““‘“ ot et Al Y det i rent al

15 bstances by : e enher an |ontc or free acm: rspemest at can reac wnha

el eCt r Ormgnet I C Eioane prod aan IDnlCO free radlc 0!%¥E¢ pec&%&ttaqn\%ﬁl I'LBQWIQLHQJ\Gpgl Cal

degmadation. we pean [ héb e NBC. Al Lo, WO neREI 6 f8Sh ST ANt L0

bacterial attack,ghd Siond SISk el A @M pecisSonCAHIIRA: S6or WWhndmbdel Rusad peer Wi t hout

clay. For exappl gmt,,gg;ne,p@,r[,,gpaaﬁp;muzat.oy,egm a liner produced with the reinforced

NPC al | oy conposi t e £ inih@hgens s fdndich CRiddd. Modf foled @6l 2 Byaris alrte st er, or ot her

agueous sol ut i ONgmMarkdd nBRANYSssENB tobings bR n@diy b@GinGho 6 mpéackcorEli@res t he conposit e

represents an i NRmENERRIRInONR] unidte. €. OIgdheR b bograd uni€Olhus zicrreiking bl ch typi cal |y

| oses its ef f ectah V@NSBGeriONeoR%PBEBLEF @retognaderfid nepmn@en.  As anot her exanpl e,

poI yacrylarni ge i s stwabkeeratesurf aeaoan dosistpmsir FacenTuifti ti ons. However.
Jlg$ suscepti bl esdtres aedvemimeal oaphedvneeRt gvadeE Funt ST PRIV " r educes

degradatl on in t ieee oRP@ by teygen oipprBt ARt PPYTE S TR "B Wﬁf""“eA’f’%o The NPC

alloy is nore reghesegieintag 3@‘61"6@1“’6%3‘“’15‘@@?%?%?“[’%ﬁ““t"ﬁ“ﬁ‘ﬁ For  exanpl e.

pol yacrylic aci dretitoner ™ wWeled'sed in barrier @ppl i (d:atl ons, the reinforced

\PCal | oy contiosin e VTN TRe UL S SYIVEN L (L bep, uni ¢ area

Al so, The reinf of°(’f"éE NP |'E:‘I:F°;°Ie; ‘CONPOS]  Mod DL, PT -

hydration, as is Often’ Lequl (1 )

for exam wqhu { lirmsr 3?0!1 %
anleOﬂ?ﬂg an de le nQJng ﬂp\lo‘ﬁﬂ Lico%@ on&%md cgmmnﬁong el nf or Ced NPC
al | oy conposite |gs,produced by intimately d| stributing a m xture of

ITDI’](?){;TEI’
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clay particles, a cross-linking agent and a mxing fluid (i.e. an MCX

m xture) in. on and/or anpbng a -6 SUBSTI TUTE SHEET (RULE 26) 2 0 NOV 2003 5
10 5 15 10 20 15 25 20 30 35 25 40 30 45 35 50 55 WO 00/ 735962 (¢ NOV 2003
PCT/ CA00/ 00594 rei nforcing agent, such as a porous substrate or

non- aggregated fibers. By "intimately distributing”. "intimte
distribution' or "intimately distributed' . we nean that an MCX m xture is
di stributed throughout the porous substrate or non-aggregated fibers so
Mal a substantial portion of the surfaces. voids and interstitial spaces
of and/or between the fibers or substrate is cover %%Iw nd: for occupied with
the MCX mixture®®P& erably, the MCX mixture is intinmately distributed
substantially through the thickness of the reinforcing agent. After the
MCX smi xture i s intimahelya@i-stkldiheds ddenQb.andhok. Mg riihe reinforcing
agent, the MCX muXlbobned SudPQbMIR] dat@oddGrot @y mparbivtleasedr € chemcally
associ ated W th g BellKeehaR Ued R Fe aic@Sendoded deSonkpbyred: sbi@epivoduce an NPC
al | oy. Because Ofumdotighsi Nntimate MCX m xture distribution. the NPC alloy is
i nti;pat el y i ntegrat eginidet fembrReror@iant 06 Ciragieagenie NPy poboyetesr  and clay in
the NPC al | oy coopesabeonPhys todabrk yreddntt gdhemisORE digr. There igen intimate

physi cochem cal | yie-dmensi@@frtareiedstrbeguot @wdeiremrpsts cprpoTe edr NPT &i"P'0Y conposi te' s
wat er absor bencyemeTshugemingelyencosis OPPPEST it 1@ merP" 3WEl T2 eBst antial |y as an
integrated unit while only negligible anbunts of clay. If any, (ie..

Subst anti al | y”noG"c'i"aSl?‘“*g‘é‘ﬁar ate fromthe conp osite when i tHI s imersed in
dei oni zed water at Lt @E sy e PRI Ta”fbf‘”be"'ma"’"a ' C to about

1 ph | tiod ni | apolications as Iandhllll ers Or COVErs, rasevolr liners,
g?l ccgy :\/ﬁgﬁggrelscj %g%ﬁ%ma?egnﬂ:@lg sjﬁi@jﬁw Efﬁdm&enlhnex and llners or man- ma§e tgi:as orl rTB.kl ng t he NPC

wa:er or personal care ansorbent anlc mclu% dlapers (Prfgﬁg p?anISQer%Me rpﬁﬁethOOGJlses a
cross-1inking agent and a o mconmgeﬂmgsl grf,he Eor brevity, we nay refer to the

m xture of rTDnorTer’ lncun%)(n’lemgp%lgaﬁiﬁst MSlggatrﬁgmtablﬂagIJSMtexlh‘a’g tainb” d as "MX. "
The nmonormer IS a'&hlcfl !%@ézar h}l:!v@l rl'ue¥b|i|l$t9\lvaubclsl§1dblﬂr i.;ubselnmrslﬂal aiuduehllhd A rTDnOlTer
sol ubl e in the mMXlNOnsefaloldihy B RielTBsdRaly Wadnh s0kdaed mioROB®L S that are

sol UBl e or i NSOl tloRrmds Bk BRorcBINKE I cofrbobti Ghroe RIBE @Peaddd of jne Milicanod. eaSt  ONE

wat er - sol ubl e 20ToNOoMBke rdr@Sed kit QIof Blobs@WirBGesgeta@IoEths drafemressarce vherein X i s

sel ect ed from t h@esgh@emesaeSingib amgo@fa seidiaid@Riurgrrck sIRSRSdi s an al kal i or
al kal i ne earth emip@led ésesmceareneiid dbaradafh. we nfjan thal [RBcomifRIe has@rogfyepsREe g1 e

i ndependent |y seb.@cdede. ﬁltncamltbtw@aig@t@wpdr@emﬂlﬂmﬂl higigreasfmepicontenCRE®T  CH, CHB.

CH2 CHSCH3. CH( CHa}p&H. IS G GHoEBecrompyetic@yacsian ¢k MER™a! recomgfidesrad f romthe
group CONSi St Nngerofd re@dnce OMfIHI 'W‘E""Wﬁﬂ?agww
OCH3CH2CHRCH3.  OBHPEHSTHE B FRII=COERPTHIT" O MVPC Har vy apssoaBBRY 10 and me 1 to
about 10. More preafieghiy s =t=je srRoHep ﬁ“’g“e'é”hé'F“é?f‘f ed fromthe group

consi sting of acryl 't “qeP d’ete{'ﬂl]"f‘é?"’é’a::lfx"“""i-ged Io‘:'ﬂ'::'ﬁ?d m!—jmsahm - X=OR . R =H),
acryl ami de (wher B R R ¢ "As0, XENR =H), sodi um

t t émem over b nrve Shal GEL inér, whith Typicelly los
aCr yl at e ( V\he? e %"stl\ieﬂcum I;OSU:&:Z“SS WarlneETJV 6\/1 pOt aSSI um aCr yl at e
(whepe R =H RSEH™Z

Giiabexalle bonadyamts MEK) ool B DAGEY Bnaitend wner e R =H
R: H R3 CH3 nx Od is sagce b che | an \'a degMa%p PﬁeQQYelﬂL@eG Eeeraalm lf‘d‘e Ni(dm% e F\)| H F\)| H
R3=H. n=0, X= NRS;Qmeclm' he ﬁ:gd( qgﬁ) PC Benrrwe,resnmd: buolﬁ&ﬁmd Bad indNs t her eof .

35  example, palyacrylic acid alone.

45 When used in barrier agplications, the renforced NPC alloy composite weighs jass thana
conventional GCL per unit arga. Also, the reinforced NPC alloy composite can be used without pre-
hydration, as is often required for conventional GCL's.

A reinforced NPC alioy composile 1 produced by inlimaiely distributing a mixlure of monomer.

40 clay particles, a cross-linking agent and a mixing fluid {i.e., an MCX mixture) in. on andfor among a
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-7 SUBSTI TUTE SHEET (RULE 25) 20 NOV 2003 5 10 5 15t 0 20 15 25 20 30 25
35 30 40 35 45 50 40 55 WD 00/ 73594 PCT/ CA00/ 00594 An exanpl e of a nononer
that can be co-polynerized with a nononmer of the above general f a are
vinyl esters, such as vinyl acetate. Vinyl acetate is readily Byﬂﬁﬁmri zed
and may be retained as a vinyl acetate noiety or subsequently hydrolyzed
to the correspondi ng vinyl alcohol, The way particles may be swelling or
non-swel ling clays. Suitable swelling clay particles include, wthout
limtation. nontnorillonite, saponite, nontronite, |aponite. beidetlite,
iron-saponite, hectorite, sauconite. stevensite. ‘491@61!)0%?5 ite. anc

conbi nati ons t h&P8¥F™ suit abl e non-swel | ing cl ay particles include.

without limtation, kaolin mnerals ;including kaolinite. dickiie and

nachi l e) . Sser pensur"fonﬁg agemsm:egsa-!)o%us smxrgtaor m-da&ﬁzﬁlj ISers( Eyﬁﬁiln“&ifidiﬂ@uliilg{.l il e) . Chl Ori te
m nerals, sepi ol jge ccitdloy FOKSIely biinueld Akl Xidat 18 an BdxImixGaus GRghec GOFBI Nat i ons

t hereof . Pref er allyos s508e & hyoorboSeodnes Wbk LR GnCdody o StiGHceaSjos HOr  exanpl e,
snectite and verdd:Gkohde: hdppewsd Ryiss o Mot spref efablyedwirlremed ay s a sneciite
typeo cl ay. Exanphes. deaSlihdvaibhitreSmaet) dsegeapaianinblaotethcinesadl teat i on,

mont noril |l onite 4s&anrmetsnes referred to as bentonite), beidellite.

nontronil e, hect ori we:.meSapoimiets @imaggigcrorint cergm ot &poriidess"Bent onite i s an
exanpl e of a nathgxaiiryisrgereusr hrrgy rREHA AT Frsoefed ¢ S &Pt P€Fes Bentonite is
a rqogk rich in reeti o o brbderm prtNECS amrcReras! '2E g YOTBTT SE™UE-HeY snecti t es as

wel | as ot her‘°ncﬁ'Pver'aye'yrﬁeﬂ%ﬂﬁw"“’t‘&’r‘fé“t‘qaﬁecfent s. Consequently, nontnorillonites
or their mxtures WY HET SHEEE 't egregf By f¥ &R TR ¢ erred to sinply as
benl oni te. Bent ORFFECEPHYS E e ] ’ﬁ@”?ﬁ’ysaf"éﬁ“r{gmﬂfs:aﬁm abf:”benr & Pany "Usual | 'y
plate-like in SPRIpE="WEL A" dt Br &Y TERST OAC U "f@:: :,bm and a thickness
in a range of a fe 5?"(5“"%"%°'a§’:73?’a"3 NaAnNOMELers™ (rim. I'ing clays have the
ability to abSor'B™Wal"et” aHd are 1’ es°s expenS| ve than nmononer. Accordingly,
the reinforced q‘%"twmyc}(e“gxl ol ymer conposite of the present invention is |ess
EXp%nSI ve than one QLo gcggnuxVMeLm%knghmc allMJu@e@\ﬁﬁEuthmﬁ‘loay partl cles are
resistant to degradathQks doRRgnbih i« LaMLY BRRBRLaky applvicat i ons, whil e
Still providifg Makehodhs ok bRl e srd angupembods of time. Non-swel | ing

cl ays woul d provi de tieRebRaSaast a8} SitafGaniOuis ambowabier infrorikg he rei nf or ced
NPC_al | oy coNnpasi diegve midaSid phen@rbmsiv@lale g oOs@iyen helmixkouis Wwerbdolk. i cl ays, are

| esé’ expensi ve tnéaashemmweﬁwnarn-dastm@nﬂrdgeneedqm'e t he conposite's cost.
Preferably, the weigh[ ratio of clay to_mononer in the MCX mixture is in a
range of fromabout 0.05:1 to abguI 1 More preferably, the weight

ratio of clay to nononer in th u+e isin a range of from about
0.5 to about 3:1. Suitable cHemc rsubst ances for use as cross-1linking
agents include. without Iim t affi on. N N - net hyl ene bi sacryl am de. phenol

f or mal dehyde’ 25t %hga[%hltsbe@l:lfgll(qﬁbygl@consﬁl'kg oWMr@l ahl’.&@*ﬁyrlﬁ @;nelkahdblﬂlﬁn)(r‘henegl yCOl

di acryl ate, et hoxyl.ps ed. & k. 0BE BYLLGE RIQPARA shidckabk yelodi eonsis@b dy| ene car bonat e,
et hyt ene gl ycol &li gl bdalcr, 8idhgl crchightraek by dnadsyelaanen néddal | yl am ne.

| ri met hyf al pr opas@lisgiu@e rowh,ak gcr, @abdcHaantinralk bons.chitereetrofe a general rul e,
dependi ng on t haosghgeot ed peliydmei-zaibuon reaction tinme and tenperature, a
hi gher ratio of crosgedeedadsi magnnagemsectt«nromm:mrww o frvereiietreml |y produce a

| owas concent r ati Ok -BfR=r @i VR R'=H). scrytamide (where R'sH, R=H. R'=H. n=0. X=NR'R’, R°H.
i2%=H), socum acrylate {where R'=H, R*=H, R*=H, n=0, X=0OM, Msha), poiassium acrylate (where

R'=H, R?=H. R’=H, n=0. X=OM, M=K}. methacryic acid (wnere R'=H, R7=H. R*=CHy, n=0, X=0R",
R'=H), N-isoprapylacrytamide (where R'=H, R'=H. R*zH. n=0, XsNR*R®. R*=CH{CH,),. R*=H), and
35 combinalions ihereof.
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nononer. but the networked polyner's water absorption capacity (WAC) may
drop if the ratio gets too high. The weight ratio of the cross-linki ng
agent to the nononmer is preferably in a range of from about 0.05;: ia
about 1.5:100. More preferably. the weigh) ratio of the cross- Fllﬂrlm @“ gent
to the nononmer is in a range of fromabout 0 05:100 to about 07:101]. Most
preferably, the weight ratio of the cross- |inking agent to the nononer is
in a range of from about 0-1:100 1o about 0.5:100. The mixing fluid is a
pol ar solvent. Exanples of suitable mxing fluids include. wthout .8
SUBSTI TUTE SHEET (RULE 25) 2 0 NOV 2003 5 105 !5 10 20 15 25 20 30 25 35 30
40 35 45 50 55 WO WO2¥3596 PCT/ CA00/ 00594 i mitati A% . al cohol .
oxygen- Cont ai ni ng organi c sotvents. and corrbi nations thereof, in which the
nonemer can be at |east ’Loar to oglr[h lcaggego % Ve qwﬂhamom}r{‘gnghs Of oSl tabl e

OXygen cont al nl nrgm%arg mrHes? suc': as wnyia etate Vlnypacltj %readch; %lj;zed Au%ytb@tl on. al COhOl S.
gl yCO| S p0| y0| SretametHasawn jc aee%mlely opsu a%§ﬂydrj§§£19!nl?%§res g%mhnnat I ons t her eOf .
Preferably. the m Xl Qay bl Daylond o%mmg%b@unaoggwe.ﬁg SoMRipati on thereof.
IVbSt‘iG pr ef er ablﬁy mcLJalenoMong)onfmlcr ub st&‘meV@rtmﬁxre |'EJnlg bgcrela(bnloysapnglthe armunt Of

m Xi ng fluid in rteh:ﬁle m:tmleﬂwwv@rmkﬁe Lngcolabsrgua:@l&%ofoé:unatfaﬁ&ﬁhﬁkﬁ@h}t 30% to about
90% by wei ght . I\@rﬁic%s iﬂﬂc@.fw@t&ﬂb*a%m. kbl BneR B REg kéalfniiemck)(daﬁ]:gacfn&).lslérodﬂirien t he MCX
mxture is in a faBRgeictineasfitaim abouttie 4@, tafoia RowutkmB8B8aey wei ght . Most
preferably, the anmuatnat. mxing fluid in the MCX mixture is in a range of
from about 40% t 0 alpetttsy.6084 byswaned cglibch »s Adddmblé. oAk IngvemicdiverrhB¥. m xt ur e
preferably conprigesc-onee: oy« rpies vaddi Eiaves suBiefeeier mgrigegémtt's.  andl or
neutral i zi ng agemtiserigsisoheing siedd oS begebth. beitafie serters apitts2ePTe- t he: pH of t he
mxture in a predetermorederdnte eard b orurletitiig FrrEeat fUrPL*andl or basic
nonéirers. Al so. HEtTSEEHADY @%‘f”?‘f@“"&@é’fﬂ?" e B SR 4 * 53Ut ves to form
metal conpl ex8s, " HEFEHY 'S Sepefesy Ve’f"’f“ﬂ‘g""’ﬁﬁ F""i"“b"r’fé‘“:‘t°ﬂeéf'l‘:e?%”§:ﬁt ot herw se
interfere with fOPHS me'ﬁ’é“ﬁﬂﬂ'ﬁf“e a8y r g "”"")‘fs’a's"'I”a"'cES D E‘_S( i de rmononer s

1o 2 um &t Ihl kness msa range 10 l ns o

typi cal |y manuf atFuled™m tH eupri'c 54 fTzer (€.g., to inhibit

pOl );?TEI‘I Zatl On d(url ggeihn h yphavegeabll(?ylo alasorbw Or arE s)séxp ;I;lvel'léhmo%ngt al Corrpl eXI ng

agent, such et

rein ereln mer omposite € present invent n@% Q’IDJnggetl c aCI d
(EDTA) can be adCFp:.oduced f ul cmrep:eyx c z-)r'pﬁn:,ial aglreél)sgam de%;;dattonglung mt al I on and

t her eby SequeSt eernwr;nﬁg!al gp%l& NS, whlle stilt §Q9M r grbér’ﬂﬂ:e&épgrggdhrnehat sone addl t I VES
can 3(be used to sat IN§1 %mrBUJy;\JmF& pr@wdt i%gtdlregfﬁce lo EQL&ieﬂa‘mfo&sﬂ N&le um car bonat e
(Na2C8 and sodi ug, Rineat RANELGeingcNa FEBhg caf. Qb kL exfebtiObsh @domasabot h @ buf feri ng
agent (i.e., #BinbaidiRgpéErsand a neutralizing agent (i.e., neutralizing
aci di c nmononers), Whiek@ry.ak & M0 bt iy R Gronater idine M iBdure € © APloEX Fom gpa@gent .
Thesefore, it W ddbBou 10 Pas RbbyLIG wih @8R! ciildroloddn havck heveawit= t hat one or
nore additives cCageddenasiaedrbasefiormng art NPC all oy depending on the
nononer and Cr 0SsS-t isikie mgnea gesntces fot vyqpecroerfinkiatageind ifcibcg ey idg@ntNm xed with t he
nmonomner, typewofmepeheprapimEatning mrmpieipreet irephthagoeiede e reke'sl Pieienradct | on pH and
tenper at ure. Exairpleestofachirtierivmg agrrrderardisrriedr P af- s ng agent s

i ncl ude, W t houtebigrtepayenesn m=womer (Y RPN BR A e ot En hydr oxi de,

ammoni um hydr oxi de, Sl CarHbNAL oSBT BT CaBIRETE ™ bot assi um
carbonat e,  pot as¥IUH? B P BTAE P PRI L LY RE AT HPRG - CONB0 '”t”‘::pds

sul fat e- cont ani PS8 HIBIHE " BhLSHEt 0T AT i i RpIREARs . and

combi nations t he Q)gto about 1.5:100. More preferably. the weighl ralio o the cross-linking agent o the monomer

is in 3 range of from aboul 0 D5:100 Lo about 0.7:100. Most preferably, Ihe weight ratio of ine cross-

linking a&gent to the monomer is in a range at from about 0.1:100 1o about {.5:100.
50 40 The -mlmng fiid s B polar soivenl. Exampies of sudabie mpeng fluigs inciude, withoul
-8-
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Exanpl es of netal conplexing agents include. without limtation. sodium
carbonate, sodium bicarbonate, potassium carbonate. potassium bicarbonate
et hyl enedi anirtetetraacetic acid (EDTA), EDTA salts. orthophosph8iNgy 2003 ’
pyr ophosphat e. mnet aphosphal e. hydrogen phosphate. and conbi nati ons
t hereof . Each of the conponents of the MCX m xture nmay be added in any
order. Preferably, however, the mxing fluid and nononer are mxed with
any other desired conponent, followed by adding a chemcal initiator and
then adding the Clay. Al so, caution should be exercised in mXing any
m xture conponents to avoid any significant exotherms. Qherw se. any
significant exotygmmsshoul d be allowed to cool. A pamcgewexot her m from
m Xi ng conponents m ght otherwi se lead to premature polymnerization shortl
aftey the initiator is added, but before the mxture is intimtely ’
di stributed in. omendeorcoamoergertrheromis fohfe ee F9TE Refdrt ald eat ed under a
control | ed condi triome centy 2 SEBSTY THTE: SHPET' CRICE2S)> 2T NER"2003 5 W5 15 10
20 15 25 20 30 2%86wEE infigioDSond's oge. pds BExpry-tResF P89 8¢ P 'CA00/ 00544 The
MCX i xt ur e f or mereet Steferppye P& st B SRP et SHEUld "BE % ed until it is
subst antial ly ®howodenedtis. Reinforcing Agent The reinforcing agent may
conpri se non- aggr egaf et 'fere °’6“P'“g£”i°é”ﬁgE‘f’gmzii‘t“’é*sH?i'\?ﬁg?]n‘:gx""aabwbar oUs structure
Exanpl es of por od¥™ S{HBEr Pt BE it B LTI 84, "Hoven  and,Bon- woven, nat ur al
and synthetic fi'BEPY. SUPPRbI & SNt REDS T Ber S Or et her M?‘;pe of
rei nfor ci ng_agent™ PREFIEE ~ FREUIRERTE ¥ Raut., 4 44k, 2B POl ypr opyl ene
pol yester, ~pol Veri cel "BAlVELHYTENe, LLhETSunand CPRIBIGALS ONS t her eof . '
Exanpl es of sui t gQl.e NALHUL Bl felDESuc B bidlinomitd. t hout |'imi tation, wood pul p,
, cotton. herrp flax aHQ me@mﬁéiLgQ§ntin'«anegs§mas Adncks 1Gan;bu.biﬂa;1:ileﬂaE]$erd'bher eof , ‘
Pref@rred porous .sLst ki8S nb Akn dned fubdede wiBlpfRhd G akd 0N Sorbdrdleude geoi exlile
materials. EXaBplmm@fmonosddis b} @rRoR WONSELgSab@KEid s mar €, W t hout
limtation. PETRGMA TN 459 thiheARDGOHe). AW bbbeding\Went. siiD@n45531. AMOCO
4506TM GECTEXS (St br@ibye:cdmin Gui@éit @07 A) cid@e agceGhipMCaIONrcrao Mo N U- S.A) and
TERRAFI X' 2708- A redies dnafciety GRS hatsioasse infroicos hF oroaitiess =OAEerd o, Canada)
Pref erred geot extshibvgsnisielvayees. Eor eATPt: sofyaicpitate RCC a’r"a‘lqig@""tﬁ"""’?r om about 0.1 to
0.8 kg/ m . AnobhavsHemafua furcesoles prove oo st rEeEndiPe = 2 predEEReE) bonded I ¢ a
geomenbr ane. Pr e eridnyaciogspeeemert. yersprig &g "X PR NGEYnBHBEAAE” | ami nate i s
commmr ci al |y avaizbeats @hopastd s PP A 1R " AR A1 TR usA
Alternatively, tHegest ECITEIYESHEMEYH e 'Y”&?ﬁ'aﬁingggeelﬁfE?“aithBee forned in a
continuous procesE Gy BEHATFY" &GO AN 1TBE CLl. Al 0:c@nd€ot exti | e. For
exanple, withdiit | nPPHET R ARy s deshiirafenararval’s are high
densgly pol yet hyl " CEOBEN " Bol WiV chlanrd de.LEVS L i
. ssiumcarbonate, |p 1assBm i mona@}éxy‘aign 119\';!4: ULLJEYL@te-cun\éﬁrrgy f l exXi bl €
pol yet hyl ene (VFPEF T eXibl & ROl VDL OR%L&ERRw+ER) , chrorosuf f onat ed
p0| yet hyl ene (CSFS ) Egﬂ;ﬂs ol .ﬁ%fl&#p@%Jgﬂﬁ&lu&.hﬂ»ﬁ@ﬂﬁanon,ma@ncgaﬂﬂf&sﬁbrﬁ ane nmay be
bonde_d to the geat}c%rtaée.!prﬁmsiuﬁlg&onﬁ%@%&nﬁk&:b\@‘aiﬁ.t\ﬂmediamlnd.tma&ﬁ%&cmm. by heat,
adhegive, and COnRiNAL bABR=phld @B mate. metapnosphate. nyaragen phosphate. anc combinations
thereof.
Each of the companents of the MCX mixture may be added in any order. Preferably, however,
the mixing fluid and monomer are mixed with any other desired component, followed by adding a
15 chamical initiator and then adding Ine clay. Also. caulion should be exercised in mixing any mixiure
-4 components to avoid any significant exotherms, Otherwise. any slgnificant exotherm should be allowed
10 cool. A large exeiherm from mixing components might stherwics lead 10 premature polymerizatian
shorlly after the initialor is added, bul before Ihe mixture Is inlimately disiributed in, on end/or among
\he reinforcing agent and heated under 3 controlled conditian.
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The geonenbrane material can be applied to the porous substrate materi al
either before or after Ine substrate is mxed with the polyner/clay alloy
m xture to formthe NPC all oy conposite. Preferably, however. thla[] NOV 2003
polyner/clay alloy mxture is dispersed in the substrate material™ using a
roller or piston. The use of a geotexlil egeonenbrane |am nate as a
reinforcing agent is particularly advantageous in sone applications. for
exanple land-fill applications, where it is desired to use both a primry
liner (often a geonenbrane) and a secondary liner (for exanple. a GCL) B
using a geolextile- georrenbr ane lamnnate as a reinforcing agent, a

rei nforced NPC al9°¥§*tonposite can be installed in one step. In certain
applications, for exanple. as landfill liners and covers, it my be
desisrable to use a fginf 915gmgsxggragmmxgrmrmsmatreﬁ.sem.mt,bs.tnmyol odegr adal t on.
I'n otner applications..for exanple, personal care absorbent articles, it
may be desirable to use a reinforcing agent that will biodegrade V\Athl n 8
sel ected tine paLidshgiet her the reinforcing agent is a porous substrate
or n@n-aggregat ed fiBekiSucind 438 mzyRMBRE dorViBrrecfdl BECSSLEPEOGUWEES88 NON- | am nal ed,
but intimately i nLegr &t o SaIPaGid eudetuaem thewvel mbomeimmgcagent and the
NPC al | oy Pr ef er &bt spiztel@rdigbenfoameivng agentsen scugi s pereseticshonogeneousl| y

t hr oughout t he NR@ion]@yEIBE PVIRITiev-BEEETn(RUIpE. :2Zyme@e@ ey ZU0O3 5 10 15 20
25 39 35 40 45 506-=5f: W00, TEE9E < RCTCANFO0TH Rl bt Rver . a portion of
NPC al | oy may 'be 2forsied. stoliaprsoss "getbst antial ly free of re| nf or Ci ng agent ((e
. non-reinforced NP(’E“"&?“IDWS)“"S‘TW?I'T‘}?&T *‘I"‘y“"”’a'”i’f&“rjf"leﬁ'ﬁ%ﬁéa’s %sf

non-r ei nf or ced NP@"'&T“T‘&}F PE> It P°é|"'1"‘§}”°” "EBImect Idsggf::mffl L& nf orced NPC
al | gy and | s fOI‘ %CH; 6 ﬁ\éocgdﬁ(q.f thetic Indusirlescf attanoog:

s topside. To
7 Terrafix 5 i l T rrgnato anada) yrsferr%g 0¥XIIILS
the ‘extent the cOMpESit DR”E"Er?‘a é"m?ﬁn'“ A °'°"'° ni i guous portion of

a_unHwegrit 1 of romabol .10
non- I’el nf or Ced N Pl '-lf'ir;"p‘: ussubslrCj|sagerlexneb£n§elu @L&g&%necggznllygﬂpus OpOI’tI on | S

Anothe
pr ef er abl y | ess haﬂ;eo ehle geomembrane IMI %%hrcx i ya%ole lrprg \gfmg E’IQQL Maverrﬁl
non-rei nf orced cdm L%‘guous portion is less than about 1 nm deep and nost
preferably. it is |gss. bR iihAdaaRinatelus @ omkd} cpRlolsioeds Of
non-rei nf or Ceq{) NEﬁor@iJ\glaQe\ﬁmefnggnmdriamﬁeo@alm& Gor b@npﬂ_@ﬂmﬂiﬂiﬂiﬂ*. SIS . In that case.
however, the per ¢eragemmfa:Bomn &RRLivEN e SorrDRmeinnbancedy @art i ons shoul d be
limted so that tdi@ryenl Qrr@Y@sicd bdypr@diereer). chio@duroiatadregrieteycsrrpeded f or conposite's
specific appli cabinaitiohsherbtOtre GaarEpE-DI =g chroedNr@Reckfie oTe@ir @i Ng agent
conprises a substnmaibrery Ra\sbnerge. @ Pamgustestir uct ure, the MCX m xture is added
to the porous 2subst r et @orgeraeiratna gembe ipaated PrEEPECLTHICSET THRIMGRGP t he m xture in
and/ or on the sulsstireapsgee nagiaig ek @l bopemgiaerHEe RER "M% e% e i s pol yneri zed,
a | &yer of NPC akiresy eyt tragym ey eley Tyt = e “SaB¥tr 81€% But . because
the MCX mi xture Pg¢i'firPREYely distributed in and/or on_the substrate. the
| ayer 15 on top of tHeS{AfstPate-TE sy a“l'e‘:fm'?g:ﬁ': af” part..gf, the NPC al | oy
| n t he SUbSt r é eadéanlageousr%%me a?phcauons for exarnple landtruzg:uca |ons whe tnpae COITpOSI te V\hen

I us|
t he % ei nf or ci ng 5.391 "(]" £ eom °°'“"”,‘§;§: :ﬁ'g;ﬁf;ﬁ@““;:«%géh G Jﬁoglénﬁypos.t; ha.reinforcing

agent is m xed lm Nel mgg mé:p MEX"m Xt ur e. e MCXlI fiber mxture is then
distributed into a NPl Bbikdhs. de Qardd@laMINBK ihez 8 QA1 may desdbiiadst a1 Y.

non-aggr egat eds f ireb@fin% agariRa Deiseh tﬁoﬁei_)rh&i&@do:'rierﬁpp&atiﬂmIordxaﬁd’lhd)erﬁohw:arwcx m xture is
poured over 20 t Borkd DOES may BBsidiDb e dTBYbckB0e8 Ui Rl B BorASHnG sgpr@duce a

sheet -1 i ke mat er irgkei@r anot her suitable shape for other applications. The
MCXf i ber mi xture maywise: chirgtortirig bpert @chorbupsurrewe bk poofomo fiex apipbntye - Wi t hout
limtation, Vi bpetsemayceshydeeanatd e nireieldisaged. cppre's Soreaa e e eerbi nat i ons

t heseof . The MCXantirxtPapier: Pregyeoibies rqriseiepeat elsperseiirgrerytit et e ¥itd on t he porous
substrate by, for exanple, wthout tPmtation, vibration, rolling,

scrubbi ng, spraying, hydraulic |oading, pressure. vacuum and
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25 conbinations thereof. It wll be understood that if a pre-forned
geosynthetio dual liner is used or If the geonenbrane is fused prior to
pol yneri zation, that intinmate distribution means, other than a vg&mnmunai |l
be used to intimately distribute the MCX mi xture in and on the porous
substrate. 30 Polynerization After the MCX m xture is intimtely
distributed in, on and/or anong the reinforcing agent, the polynerization
process begins white the cross-linking agent, acting in concert with the
pol ymenzation process, helps to forma networked polyner/clay alloy
structure that is intimately integrated with the rl%iwgfﬂ%gj ng agent.

Pol yneri zati on oVe®R& MCX mi xture is initiated by a polynerization
initiator means for 35 generating an ionic or free radical nononeric

Sped es. Initiat Ia on HELQ\XLal?)gx:arﬁ)?rgpgngrJaﬁbgrQed ¥ s ngsghsglgrgeaof reuﬁ&'r,!ins QQJ(@. Che_m cal
substance to the n&?g&omdﬁcum-m@.. S Deon S S ck SNRGRASL o e ighinaddwon having a
wavel ength of 1Q, NANQARL ElictedvPERHbas k BSS oA PR B USBEeab@NL OF 1N

combi nati on Wit h g.c ReRdeGeline koRdotid ik win aSdiglod Pdnen c-he e @INF St St ances f or

i ni tipal i Ng . pol yMeLd: &b SHircbsBhtobCh@aricWM ptel@ittess IninRiol: af dmbdage. foreee 1 adi cal
initiators, carbaRihSenobaiddenblbin.g 0nseis csantogoniicraink orsetereof . - 11
SUBSTI TUTE SHEET {(Rlafn.s26)e2 O NOV 2003 5 WO 00( 73594 PCT/ CA00/ 00594
Exanpl es of free rach@lnepoman ¢ at-foarss Phzidy Gote 2w/ Ph Uttt e Fiyi T8t | on. t her nmal
initisators. and redoxevegystens o napkitgdqus aarentrygirPeasteye i st rfdr e chemi cal s,
whi ch are added simaEanagOskee fsottsfed grdiitr=eF"HETYINss" Exanpl es of i ner nal
initiators include. Wiet troRTe191gH toaR b= P "8t RAFE I HEE['“SRITs of sulfite,
bisullite. 10 5 persts are “yatm by Iersxriue” "dHle CouBihari ons t hereof . (2)
armopi um sal ts ofs il Fheate MK By pig=re=c sRPECl s Zpr 8 "DenZ oV, p: roxi de. and
conbfnat | ons ¢ her'gbr® (373 ¥ gybt kpob ST E PRSI Sy or ochi or de.
(4) 2.2 -azobi'§(4°€ 'élﬁg“:gﬁmt:é'ffﬁ? ¢RE"d) ™ and conbi nat i ons t hereof . The
desired pol ymeri ZatT Qf L emper ature, £.0kn har AG, AnldB s@hlsA)es cONPOSi te is

pri rrz%r i y 15 denr%%gﬁ&tmnxlgrp T;e%mftbyniﬂureasng &&G&%BL L@tp‘\oﬂmpoWerizbhm t1ator neans

sel eCted. For exapleuy. dnQedechles RYoYdlBikZa nbdR e QBRShat iuesemay be used
where a thermaly iRkl Qb R} RO sb Q 10bOXddd AGuife R & BrekheCtilaBe s@be @ | Ower
tenmperature (e. g.omeratbidhbhs. AOGexdn@r nixld@ bidy 0dn@B)ted in 8 mitS'@ ekomsElvrsy imisdrer e t he

pol ymeri zati on r eaGbd, dbuic biB@brefs0f. animdcinmigps k@ NPC al loy is initiated with a
therfral initiator, thewexeasthon irseprsefer-ayloyneatougubstaepgerettre in a range
of from about 40Git@imgdre b9 5@, shivrie. spaviest esrzgibtagno. iy Perm 24 he reaction 20

t enper at ure | ssatem@indiermeer-at ure in a range of from about 50C to about B5C
and nost preferably. ity goersighing g érmegfeopruirPAlg 6 S Y HBTt  80C. Al so,
wner¥ a hi gh energyeradirary g $8mae ety s gRrE™ "t 4y F4di ati on is used,
t he pol yneri zat i oM & BSH'TEY B NIRRTt ¥d™4s | ow as about ambi ent
tenperature, for exanple about 20C, 25 The polynerization reaction tinme is
al SO prl rmrl l ymdepﬁlénﬁ‘é:‘éiﬁl M&%ix&r@ieimigé{&%s:rQI!ed |Inrou arﬂcéloﬁakg‘ng thmmﬁqa%.@g and_ I tS A
conc€ntration. H%o \e/rieridn proqgsn:ggﬁns jh?e(t:hte chséinkﬂjat]eglgattihgmgonten@lh mgp%llmreﬁdonr eaction tine
include the type p f:ss.z s mﬂqmrkeﬁﬁgmeh&&uﬁgﬁlﬁr@m £ @kddhegdidd@n@ept h of the MCX
m xture and the qgmwigbragegf%l;’r@rizﬂ“trngfﬁhgin(f’(g'niu@@mgted of BonherzaidVicdocimeet bir € t hi ckness
as applied on Lhe.ShRshbal fe RlicaVObitiRmeat MaRmaggkagabee fiders in the 30
MCX i Xture). Al SQume@Habd sBsiaRkOb YRK nZdd WQicd-@aBdid r@iod teving iateerat ed, typically,
it will not termdmatmbidn hoSRoaEeusti@oa s baspiot-@penatitee. dr op. For exanpl e,
once the MCX m Xt ur esiibe @%POSBEhcds O ki@ pel@Starfo@ichude | witiodt jmaetdn 3P 'F@Tper at ur e, t he
potymer/ zati on r ea@dd @Fmin. talbonipt i@e eednigessope | i me thereafter, dependi ng an
25 tdae reaction tenperature selected, the tinme period that the MCX m xture
is exposed to the selected tenperatur&-(i.e,. heat exposure period) and the
conposite's heat retention. Al so, we have discovered 35 that higher
initiator concentrations gener albdmriHQHts Rul=es dual nononer concentrations
of afout 200 ppmor |ess. However, these higher initiator concentrations
are nore likely to pronote premature polynerization unless the tenperature
is kept sufficiently bel ow 40C Accordingly, it is inportant to 30 naintain
the MCX m xture bel ow 40"C before the m xture is distributed in, on and/or
anong the 40 reinforcing agent so that the m xture's viscosity is
sufficiently lowto ensure the mxture is intimately distributed in, on
and/ or anong the reinforcing agent. The time period that the MCX m xture is
exposed to the selected reaction tenperature nay be in a range fromas | ow
as about 1 mnute to as high as about 24 hours. For exanple, where an MCX
45 35 m xture having a clay to nononer ratio of about 2:1 is pressed into a
porous substrate to a depth of about 2-3 mm potassiumpersultate is used
as a thermal initiator and the selected tenperature i s about



80C. the duration of the heat exposure period is preferably in a range of
fromabout 2 mnutes to about 60 mnutes. More preferably, under simlar
conditions. the heat exposure period is in a range of from50 552 0m8Y 2003
SUBSTI TUTE SHEET (RULE 26) 2 0 NOV 2003 5 105 15 10 20 15 25 20 30 25 35 30
40 35 45 50 55 WO 00F13596 PCT/ CA00/ 00594 about 2 m nutes to 45 m nutes
are. nost preferably. in a range fromabout 3 mnutes to about 30 m nutes,
Exanpl es of redox systens include, without limtation,
persul fatel bisulfite, persulfatelthiosutfate. per sulfatel ascorbale,

hydr ogen peroxi del ascor bate coupl es, and conbinations thereof. Typically,
addi ti onal heal Y=ABt required when using a redox FSYSP¥HE initiator
because the reactions are often exotherm c. so such systems can work

effectively a tenperatures in a ran?e of from about the freezing point of
amples of free radicatl Innatars mefude, wit Du: Imnauon thecmal inltgjors, ana r|
the MCX m xture t ]

ycl)arns w!’?ch areqlplcaryt 8‘8’3 chemi c?s whlch are adg1d lmupagecus as dlgfren! Typl Cal l y’ t he
tenperature is agﬁmgn about 2 rnatlvefy pofynerlzatlon may be
initiated by el ectrQuRANGLL.C. LA ALk qncuh.@nganng,a@a..x\@avsglsng Rebel ow about 10
r I m.;@UCh as. 50r pe@%germ @I perANt! tJﬂMbmiu&nmJeaQZB aQ1mmn|urbs¥it5 g’@\mmurﬁ@ys X-r ayS or
hi gh energy subsali@ieGoRadctd £ BSmaidnlneabl kY 28::6:85B8inndloBrepOl yTEr i Zat i on
reaction i s typi &@ddnics anduatedy.abendbbie bl co-tiedpResal ures. However. the
tenperature can be hhghel copfenizkiBWaEeraiull@MBARE i NPd dioy doBpoited dmanown t 0 t hose
skilled in the aseendedid@tne lanb @ingeich © Mijaoliedntbettay e £Mgt ke r angi ng  from about
200 nm t o 350N MmcySrizaptersdbiveadl t@ uskadhereP O biyaTBE S Z@E b BMind e doks@ btk ON Of t he MCX
m Xt ure because roieh@p@lu@it o ibdal10:¢ nfo@r shoeis@sed rtshwnddvhe bdygditaliosresatiol | ity toO
penetrate into tesamiheyrc and indifke We byeramiided. adrecitnnerecepohyner i zat i on
reacti on, even Wertrkauge nplad @«dnRiot: ke ©kouPre Senteesioveves paekitni cal |y, it is
bel feved that themeheys i sprefes efntral kysabsos bs: d+h e b ofdeghing t her eby
i nhibiting the Uk d ghicsssefobag toioy 8nese : 88 «ady rdinidsbuat 0 ss@@ans. Optional |y,
once pol ymeri zedray @ktkn sored. e py@retzitigmeadh miyle@onpoceciaigy »f bayiadeierremai NiNg i N t he
reinforced NPC wadokraye. i¢omposrt°cpr oduct nmay be renoved, for exanple by
desftcating at roomTteemperrt eacen ior s sispriesiy aheyintrgthe tbd of igipiermesghuieed, t he
conposi t e shoul derfyeeoteniratiad Hayeven otedrrperaburedesteyeptiodoesidatt vwadiver sel y  af f ect
the propertie® oP"THANECIENFRY Peeyh e P E iyt g et f OfoEs@itpl e, at a
t enper at ur e | ess*® NN HES G 21220 e THRE'TPOP'SE b Fe=seeit'dit "B t he rei nforced
NPCszal | oy corrpos’f’ct"é“’“p?‘o“dﬁ?f‘f”f’%"“‘iﬂ@@’é’ﬁf&@’ﬁi‘"“‘ﬁ“r VPR " MEEHTERT i on and ot her
factors. For exa ”%”Bﬂ”hﬁgﬁ@Fde‘%?ﬂ?é“ﬁ&h? ﬁ?M88Wﬁﬁng5“eFOVIdeS greater
Flexibility apd gaF“VEFMBmf“WW“a"?a"“%ffhfw“mﬁmﬁmmwm el JtDi st ure cont ent

the reaction | rr'ueratu e sel cted lh time perudt al the
COITpOS| t € Can h Ve r %ea&xposure PECID )p;a njacompos(?esheal rerennon Alsg, we havegl}s"tl:g'pr;d t he dGSI r ed

mperature {i.
rml st ure cont entlhaWn 1u[|nu|§§co ‘ra%gnme rgl pr |¥e rL glmon@ruyconce(n)igrgﬁsqxabolﬂ %OV\'hI Ch t he
CONMpPOSi t & Pr 0dUCHm Wiels | R, HSEIneAN or TRELTID. AGEER L BB sldu@BSPOT t at i on
costs. Ther ef or €uyfe@bion et MRS Es B QG b aWld ) adhandSBSieaREe flexibilily,
t he noi st ure ﬁonrnaﬁﬂrtmeluéx mlﬂreeefloermlalye He Rixt&e usruénalﬁ |th| an&t’g‘r MQ%DOUt 25% t o about

0
75 /chy V\B| g ht reinfarcing agent so Lhat the mixture's viscosity is sufficienlly low 1o ensure the mixture is inimalely

X mixture is expo&o Qe selecte

distributed in, on andfor among {he reinforcing agent.
The time penod that the MCX mixiure is exposed to the selected reaction temperature may be
in a range from as low as about 1 minute to a5 high as about 24 hours. For example, whare an MCX

35 mixiure having a clay to monomer ratio of about 2:1 is pressed into a porous subslirate to a depth of

45
about 2-3 mm. polassium persuliale is used as a thermal inilialor and the selacted lemperalure is about
BO°C. the duratian of the heat exposure period is preferably in a range of fram sbout 2 rminutes to about
60 minules. More preferably, under simiar conditions. the heat exposure perioo is in a range of from
50
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Rei nforced NPC Al l oy Conposite In use, the NPC allay swells on contact with
wat er as the alloy absorbs wafer. The expanded NPC alloy swells in and/or
around the reinforcing agent. It is believed that the alloy swel hﬁeﬁ&l&&m
expands into any interstitial spaces that were not occupied by

all oy when the conposite was forned. Also. it is believed that the alloy
expands around the reinforcing agent itself. Consequently, the conposite
swel | s substantially as an integrated unit while only negligible amounts of

clay, if any (s.e., substantially no clay), separate fromthe conposite
when it is imersed in water at a tenperature in a range of from about VC
to about 60C, wWh¥?¥&®the water is saline or not. -%3S | TUTE SHEET

(RULE 26) 2 0 NOV 2003 5 10 i5 20 25 30 35 40 45 50 55 WD 0083596
PCTICA00100594 | ta OM r!1ir!ules oeds HIRQ§L§L<Q|9rgerQIy,mL §Igm %KAJA«H@IQ toiatmulathe art t hat t he
degree to which t:huees.NPC alloy I'S networked wll affect the alloy's
capacity to absorb Wal.&kso & s;SOULRE, wibodt i Wl fulehi@RS, cross-1inking agent is
used. the NPC al Lyiimytulhe e B Waks@ hyas@H peHkidscbriud edupie€ @l toabriaod ondi t i ons and

t he =l ay coul dst hea: 1stibSh@dnt: heals hyjreGepadh atnge fobxGrrsheadedagyre On t he ot her
hand, if excessi w&us Bl Sotohic. @Eesgehd caltiigecagentrbuare s dter t he NPC al | oy
may be so i nfl exiedol € tikdagtpori 4t thd MEX tirveels 1 votrg rariysmbradeif Mpetvémt anount s wat er
and thereby reacheeitiirpetdetesi red fluid perneability andfor water
aosokpt : on per f or mangewetivivpogantiginmiremetecayFsirpre st 't edrier natfa gvaragioihf or ced NPC

al | oy conposi t'e proeeect rm scnef trepmnarrifietimigion. By i fPrst rese®due to

over burden. Under-raemsparitalr tene fobegtepivge= o P i "M st e¥8 °* B 20 kPa or 2.9
psi. the flux (iemeawrest tpgevi gt BTHRET "t PEVETS at t he specified pressure) of
the gonposite is abdute 0= Hi"PHS S Wr iy * WLE A0 WeALHPEE YY) ASTM 5a67. 95.
As the conf i ni ng "SYFESSTT REREERE S AT ARSI LY PRI, the

hvdr aul i C condtict] YTy Tar A he ool e, W 1L, deRleasc. ARRANSS the conposite
wi be_COITE_ Conptpége%tglybbsoﬁgye% Iigﬁhl%r@b&-[nrf%ilinggé/@rl}ghé L]@c%tanejs% a@iq}‘lanlta%geousl y used to
(1) 2§SSI st in M m%Eok‘aﬁy,eoncglao%eniiepytrla%onufﬁh@:‘simr@?ﬂlﬁmiin%g inlheleﬁlfowen usli ng a
vacuum (2) r eduqﬁﬁ: aﬁyérpﬁgsnl@ptolﬂugn\ay@ndrfo@& iorb)gfi\p‘egﬂ%ic@lfng maﬁ\iiemgrailrla“i d or other
conponent s i N 2b NQan.dVhaXi Bkl rBeo@bddid shbGl R @ba\i ¥ B beditt hDddes nabdelk@r (3) assi st in
handl i ng, for exaRPhdopetdsblc@ersan@inesl-Oi.BG@2mAE 2 § Er@eran@Oip@sbdie. | N ONe

errboagi ment, a covek. sheet can be contacted with the MCX mi xture either
duri'ng or shortly aihmbkud deniding e Mc 80 rphaat edicwwdtekreettiraner ei Nf or ci ng
agent. Moreover, aiphegoneoweraceheetemay ippenre applbedidrodagretsor bot h si des of
t he reinforcing agenteontéebed B itkeoMEX e skoertes "BUtV Pt ef erably, the
cover sheet is appirineehctso Oneuegy. tetesred mebviyesre YrereEr2ab?y® t he cover sheet is
appl¥ed to the sietfemeypyEsremeyeeEecs) e S piren *t R RNt or di stri buting
the MCX mi xture (¥%g., vacuum roller, pressure, et C. )endS applied. Mst
preferably, the covel™¥¥edEl TE"UEALH ¥ ERFTY "Cofitacted wth the MCX nixture
and rei nf or ci*hg PEERRE W51 TR VatTUm 1 6" 3ppl i ed to the opposing side and
thus®the mixture is LBl Y,.25 distributed in. on andfor anobng the

Reinfarce

reinforcing agent: 11 apQLher enhodi.mente: of hSoFONE s heal.RRY be applied 10
one or bOt h Sl de Npcfallt;'r w_glsnr; aﬁ!ﬂfﬁi&ﬁd%@ nforcms;nlaj islbgiyveoql‘glrmglwsxeﬁ arﬁlﬂ&ﬁ({s
pol ymeri zati on, Ignfo angf.%&mfa@&iaes b\ Bre GAVENes -5 RORE 2187RYn RRoSRlhas@staer i ng to the
COTT])’QSi te or may AIQ\.QI Iﬁdngﬁr@de ;Ilog elpiﬂﬁarﬁlﬂmpl‘a@jrcﬁﬁagenifitﬁi C&Xeaﬁﬁﬂ;l. 1€, wi t hout
limtation, by heabosbaBdiRgayas aARerRaResk e oend: mampl-eenof. suit abl e cover
sheets include. \idih@yliocbyi Whata@idn@eomepmlwret hiyteane wii bpemegereiiat e and sul fate
papers. kratt papeks rom@s0 utdwood-cpape rewtedsidide@no.paper s. woven and non-woven
nat uwal and synthetic fabrics, fiberglass. and conbi nati ons thereof. The
cover sheet may be renoved after polynerization or left in place.
dependi ng on.the conposite's ultimte application.
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35 Illustrative Process Figs. 1.3 illustrate a process for producing a
reinforced NPC all oy conposite 10. A reinforcing agent. in this case a
porous substrate 12. i5 fed onto a conveyor 26, using feeder ro;iﬁhﬁv%ﬁn
30. An MCX m xture 14 is prepared in vessel 16. by m xing at

nmononer, clay particles, a cross-linking agent and a mxing fluid until
the m xture is substantially honogeneous. Preferably. the -14 SUBSTI TUTE
SHEET (RULE 25) 20NOV 2003 5 10 5 15 10 20 15 25 20 30 25 35 30 40 35 45 50
55 w 0 00x73596 PCT/ CAO0/ 00594 MCX mi xture 14 is mainlained in the vessel
16 at a |l enperatufe | ess than about 40C. to reduce renature

pol yneri zati on ofoordes nonomer. The MCX mixture 14 iPS"iE{"E¥ed fromthe
vessel 16 and contacts the porous substrate 12 as it noves along the

Con\‘ieyor 26 A cover wﬂsnPeﬁgtr 02d4'£! l!'lcsesbplemmhe nlhal‘l B ge rQ—:lowt\u:h hn@Pc m Xt ure 14 USI ng

a gU| dl ng roster 36 thy a a Ioa aler cgilJ ; En@\;ﬂgdlclng -in Agggem t he por ous
substrate 12 is g?GZEEGN?ZZIng:Va e:co.mc p rso @ﬁ er cmalxgor%gmes a%'a cle’)lz.s:lunlgn a r0| | er 18.
until the m xtur ubsllntlally epar(a;u fs\);\rh oanhaﬁJ]: xcgﬂvetarhzgusgflérb@v*nlrn@-;g@u 12 In the
enbagi ment i |1 ustrated, 0,0 sn%nex.&eh@t  PRERUS s DS LK AbRs vkid shes cont acted with
the MCX m xture, .QaﬂsrreaH%thQe 1S bR Drartlidted shsordc ABertihatE Ur € 14 is intimately
distributed in and Aok EnSHRSEY Bt Broded nrc s} ik pRbdct FRYRe@ Mechani cal or
uas pl ston. In tQﬁ.m@EﬂQQGUe MUIGLnI &n%ﬁsﬁ@lr&&cziv&orﬁinﬂmes&; 20tFa @ 29@iIr OUS substrate
12 |§ contacted mflt:xhu 1R Gue MiaKicavedh %4 bciRa pledsure)dSHe BbGpodle VaB@UEtATHTRANS 32. unti |
the mxture 14 i S isdHebsiabylsyh sehr St KsinbistiDd suledd ineah voTpdcdidi@oveigadder at e 12. In
~all the ill ustr ated.cended) nmenirgesis af k@ kse telpese MEOrrrIext broge cdupretsd | nt | mat el y
distributed in andior on the porous substrate 12 . the mixture 14 is, in
accordance wth tawesmabove di scussion, polymerized wthin and on the
subrate 12 by heatdcngstheremmsined PSRt THEE BT SHE FERMre 14 in a
heati ng zone 1222werysifo@rprrt Faedyei-nf o get SNPE "4y "gip ’°(‘f‘8ﬁ‘pﬂ?§°i’f'%‘"°10 The
rei nforced NPC aP‘FW'U’%‘PﬁQ@@’FT@'"’ﬂ)‘”"C‘Qﬁss'ﬁ@“?"6’]9I’°é‘iﬂamé‘h'8|"" ACRAGEd" f or subsequent
handling and traffspgrt, it desired. The fol | ow ng non-Lini gl ng exanpl es of
enbdYi nents of the ﬁ?“é"s”é?’i’f'"“i"rfx‘i"é“r‘ﬁ”f""“ﬁ“"i‘h”‘af'e ey Ofeher e nade and, used as cl ai med
her el n are pr OVI ﬂ@& afFrdrF m:ixhrsilsconiacled ith !he reinforcing ag?en th)(y‘mm [el.agy 1 Ef f ect Of

d. to_one or both sjides o lhe: i fcurcmg aggﬂ cone cle \mﬁ th
d ay to anorrér f er s:egrs]ap&/l%jﬁo oae side. an mo»@ rLI’aQagY QA3;'¥39NEQ "ALJ"Oy Pr epar at ion

Seven IVCX m xtur e?osw\a,\%e sldegwﬁgﬁgn%gi Jorrcllstrtn Eth@ﬂ&%ﬂk&éh&% rc’llenpr;Ealbl e 1. CI ay to
monetrer wei ght g|cq¥s|apglﬁd M@snog@%ly e EHUEH sQeeth annere%w @aa:lla:n\mrhrbﬁcﬁﬁwleﬁd MCX m xt ur es,
The clay used i n,Jdeq MoKkl Xdddh €S pies\Wa:s opNAE kAR nlstnk mixuye sdvird@t Ur al  swel |1 ng
clay often reter gl @ oasdomhdge.bgrd@ni te. conmercially available from
Anerican Col | 0i d. Theundeiaeiamen WaS et yidy 8dbecke o ce P barisvreche ferfens Cyt ec, West
Pat @ son. NJ. AndCeRabtbsitetnplreavas! dreed @e wef sreg mraey sptegerirde™ nononer w t hout
added cl ay. WAt etomrosiodina pastigrebrox forkesiq Ma@Rd)e. »red WidAmM HFLHIIRSFAt e ( NaHCOB) ,
EDTA, acryl am deszebeN-

a0 Examples of suitable cover sheets include, without limiaticn, polyethylena film, sulfite ano
40 sulfate papers. krafl papers, groundwood papers. (iller papers. woven and non-waoven natural and
syninetic Tabrics. fiberglass, and combinatians (hereol.  The cover shest may be removed aher

polymerization of left in place. depending on the composile’s ultimate application.

a5 ljustrative Process
43 Figs. 1-3 iHlustrate a process for producing a reinforced NPC alloy composite 10. A reinforcing

agent. in this case a porous subsirale 12, is fed onto a conveyor 26. using feeder rollers 26. 30.
An MCX mixture 14 is prepzred in vessel 16, by mixing at least a monomer, clay particles, 8
cross-linking agent and 2 mixing fluid until the mixiure is substantally homogeneous. Preferably, the

50
£ S14 .
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met hyl ene bi sacryl am de (NBAM and potassi um persul fate (K2S5Qh) were m xed
in a 250-m - HOPE bottle. The aoueous solution was m xed well, prior to
addition of clay. Cay was added and mi xed again to forma hom)ghzﬁ[ﬁ{o

m xture, Al MCX m xtures were viscous but fluid before polyrre

SUBSTI TUTE SHEET (RULE 26) 2 0 NOV 2003 5 10 15 20 25 30 WD 00/ 73596

PCT/ CA06100594 Tabl e 1 Conponent Control 12Sanple (a 567 3 !

Wat er 79. 9872. 598. 77874. 4291. 15374. 4151. 23 ' 91. 91 NaCH. i

3.7683.1083.9042. 287 4981.8911.563 10. 506

NaHCO30. 9310. 8020. 9310. 600. 2040. 4680. 323 10. 105 EDTAO. 1090090. 1160. 08!
0.2170. 060. 0420. ©@&73#€ | anl de25. 07321. 02624. 87115. OFT<8BBD7. 7210. 0422. 294
NBAML 0. 0570 05 i 0 0580.041 0.1230.0281 0.0220.012 K

Q0. 2410. 1830. 2170. 1320. 4160. 0850. 0880. 032 cl ay2. 1218. 3687. 50250. 2215. 389l

30. 0022. 029 Tot {0 TB i gy g8y 91257 me7s 1+ 156634 386°%33100. 041 1193. 31
116. 913 Cay: 0. 2O ¥F NbIKSHET 011 0. 501. 002, 003. 009. 60 Ratio (w) The
Cont roI and NCX m Xtmflécgm%?1élsr1elefefrrommevesselw\a/néﬁ)nlaclsleporous sra%&a EOC for

a

(0]
yar 26. A coyer sheel 24 is p a cn 81001‘ lhe mmu U1

ntr an& N

pol yjgeri zat i on, Kfsﬁséﬁ:g: 81y rrer ma ion. || oys were
t r anSf err ed t 0 g|gu’ %o ?me Lstr éjm glg 1qhe%;rousjsg§9e 12 QEcn!égd wnrh%LMC.% V\at er
Absor pti on Capaci ty. | mugw N!.S Al NS ARRE 9% bvRlelde 4 gm of each NPC

alloy and the CORt o), ASed LGB d F3. Ane R0 silraH PR RS dil 1 mciti th 400

dl Stl l l ed wat er . HAELQ usmé‘gplsblpéemnﬁhthefnh@ﬂd MR%VU:M&G .dﬁ@ﬁl’ht @duﬁf‘lf t he S\/\Dl | en
NPC Al | 0Oy USi NG FisondBralel Pmddlsh osSE@RN. The swol len NPC al l oy was wei ghed
and the waf er absor phhQRoctaRBsialedin fg\AAehordd@Ssraad: G thhigleh heavecor di ng to the
fol | owi ng equat i @GRibre MAGg vadudr #BanS20dul 1@ MixINRGs it ysiidg gand onde | ed NPC Al | oy
Mass) Dried NPC AldvgapzMass 35 A projected WAC. WAC,,, based on the Control
WAC and cl ay cont ent i wasiughs envedretuliabeadx mif 1 gotivaed Piyrgter p2rt'he f ol | ow ng
equati on: Partis Memrowessae Conire Pairtoeo@ieaiy R 2ohsecvs gy povmeidf\Gp~ = Tot al Pans
Monormer * O ay WAGnjifertagiubsPy f bsheityiho fraroetroligly =CPayr "AC 1940 where t he
Control WAC = 3522'glpi ™ te=q¢Bsa I'?tﬁ‘l‘i“’Eé‘tPM@H“W@?"F%?"‘"&‘P‘%V"W 10_ For exanpl e.
wher®d a 1:3 cl ay 0> REAHer s rater 5 18 = Sey ' f 'Br oduce tna NPC al | oy, the NPC
alloy's V\ACSqZEJs ((314) x 3521 +

The following non-timiting examples of embodiments of the present invention that may be made

and used as claimed herein are provided for Hustrative purposes only,

0
EXAMPLE 1

Effect of Clay to Monomer Ratio an Water Absorption Capacity
25
NPC Alloy Preparation

35 Seven MCX mixtures were prepared in the amounts shown in Table 1. Clay to monomer

weighl ratios ranged from 0.1 to 9.62 in the seven MCX mixtures. The clay used in the MCX mixiures

was NATURAL GEL™, a natural swelling clay oflen referred to as Wyoming bentonite, commescially
30  available from American Colloid. The monomer was acryiamide. obtaned from Cytec, West Patarson.

NJ. A Coniroi sample was made using acrylamicge monomer without added clay.

Waler. sodium hydroxide (NaOH), sodium bicarbonate {NaHCQ,), EDTA. acrylamide, N.N*
methylene bisacrylamide (NBAM) and potassium persulfate (K;5,0,) were mixed in a 250-mL HOPE
bottle. The agueous solulion was mixed well, prior to addition of clay. Clay was added and mixed

35 again to 1orm & homogeneous MCX mixture. All MCX mixtures were viscous bul fluid before

5 polymerization.
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(114) 10 =266. Likewi se, where a 2:1 clay to nononer ratio is used, the NPC
alloy's WACpg is 1(113) x 20352] 4 (213)10 a 124. Finally. the nononmer WAC
(WAC') was al so calculated to determ ne thewater absorption 45cap@diRDy 003
based on the anount of nononer used 1o produce the polyner/clay alloy

sanpl e being tested. The WAC' was eal cul atao according to the foll ow ng
equation, 50 -16- SUBSTI TUTE SHEET (RULE 26) 55 2 0 NOV 2003 5 10 WO

90/ 73596 Table 2 15 20 25 30 35 40 45 50 5 WAC,,, (H20 Swollen NPC All oy
Mass - Dried NPC All oy Mass) Mass of Monomer used to produce NPC All oy The
results are tabulated in Table 2 PCT/ CAOO/ 00594 Sam | ntrol 1234561 7
d a Mononer Rati 88%66Y. 100.34 0.501.00 2.00 3 00 1 §Tg°f g H20 per
03523393322132071348314 WACM pol yner/ cl ay3212662301811249642 alloy WAC, , g
H20 Yer g421441472364414403349250 MONOGERS in poiyrrechI ay al | | oy As shown in
Tabl e 2, the WAC for—NPC—at oy oaupl €S J.Sﬂlp]é,[alz +5—339—and—332:
respectively. Thi&ammeansofdai 'f he NPC al [oy ‘absorbs 389 ‘and 332 lines its
own wei ght in vat gigrer tEsestio S hpmpits: = gpelhi vELY sl sus a 352 WAC
for ®he cl ay-free/MaoirolosBenken § A8 T yogeic g ae g opmste-1i ke
consistency up to ht, after

whi ch the clay be
Consequent |y, bechHH ; Bgh s dis gh' Y
wat ess- absor bent ofx - DA S dﬂﬂ_t_hlﬁ_m_
wat er - absor bent pcﬂ‘a;ég;er tshe: cgrp;j b5 nV\&Q shg,wn u@,o blglm,e 2;1 th increasing
clay to nononer rigeic@WAas a SUI’DI"I sing and unexpecte %ult For exanpl e,
at a 1:1 ratio, those skilled in the art ni ght haye proj ojected a WAC of just
Sl | g_Jat | y mor e than 6heganlrolaf1anCX T:éuretswere Iejlnnanv\ﬁ\l@ nonéhialﬁscmr nlIy]rr |zatﬁ f\ftr Of the NPC
alloy is networked §6r'ymer:" 86, 15 1akifg 11 '35”5'3?:35?1“61 tche wat er absor ption

p.oge

for clay atone (i e., about 5-10), allclayto nmononmer ratio in an NPC
al l oy woul d hove @ggﬂsn@mggg LwlDo 8-t best, about , (2 the Control's WAC
(i.e. 176) plus 5 HLQLtBe: ob@dh de ﬂ&&%ﬁz@m.w@g.ﬂd nabB Rl ki@ for a WAC, .

of 181 But Sanpl.&h do m Witdda@. dier % nGls 33 wh@u L REBAER he sdoidd 1P aio@s @ 207 WAC,
which is 14 4%Qreatek.than expected. Simlarly, a 2:1 clay to nononer
ratio has a WACP, i ofesalout sidy24 weisrhiadd @ Badapli@on Bpdaly 0doieedacaated 34 WAC. whi ch
IS 8301% greater tdammoexpeetecwi20 The general trend is that WAC, across a
broad range of clay to nononer ralios, | S substantl aI ly conparable, if not
slightly inproved versusadtsh N vl i Y (B a significantly high
clay loading in the NPC alloy is re8€HEE**Xf*a significantly high cl ay

l Oadl ng! I t appear S tAngetcledngQpl%QPOL InJCQ@Q’NMnJc@célQntwaLQWcatcLha@; t he Cl ay S
I nhéifent V\AC Ié dag:mr!aﬁrm following equation:

WAC _f Parts Monomer x cnml-oj { Parts Clay « Max. Esi. )

ot \Tolar Pars Monomer + Clay = WAL \Tolal Parts Monarmer + Clay Clay WAC

where the Conirgl WAC = 352 and the Maximum Estimated WAC for clay = 10. For example, where a
1:3 ctay to monomer ralio 1 used to produce the NPC alloy, the NPC alioy's WAC,, is [(3/4) x 352 +
(1/4]10 =266. Likewise, where 2 2:1 clay to monomer ratio is used. the NPC alloy's WAC,, is [(1/3) x
20 352] + (20 = 124,
Finally, the menomer WAC (WAC,,} was also calculated to determine the waler absorption

45

capecity bated on the amount of monomar used 1o produce the polymer/clay alloy sample being tested.

The WAC,, was calculateo according to the following equation’
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This is a surprising and unexpected result. particularly at high clay to
nmononmer ralios of 2:1 and 25 3:1. Ogawa at at (' Preparation of

Monl noril |l onite- Polyacrylam de Intercal ati on Conpounds and the Water
Absor bing Property- Cay Science 7:243.251. 1989) suggest on pg.0 RBOhat
clay acts as a cross-linking agent. Thus. Ogawa el at suggest gnat clay
woul d act in concert with a cross-linking agent in an MCX m xture to
severely constrain a polyner forned fromthat m xture, Moreover, the
results in Exanple 2 illustrate that a cross-|inking agent concentration
as low as about d.1 wt.%can over cross 30 link a pq%yn%&h4thereby
substantially re®0®™Y its water absorption capacit§.cfhus. the sensitivity
of .17. SUBSTI TUTE SHEET (RULE 26) 55 20 NOV 2003 5 W 0017359G

PCT/ €A00/ 00594 WAC to excess cross-1linking agent and Ogawa el at suggest

that increasing the clay,canlentc WRMldoiplireaidGrss2 hi ghl'y constrai ned NPC
al 1 oy with inhibitewWC—Consequentty, 11 RS0 Prising and —unexpected
that using an MCX mixture Wth bola a cross-tinking agent and clay, for
exangd e, at a 2:1 day.lR ARReMemweati 0. woul d produce an NPC alloy with

conparabl e or slightly better performance than 10 5 the clay-free Control.
When cal cul ated on the basis of an equisval ent anount of acryi am de nononer
used to produce arTsa#ntoy. (he| Wikl of (he pol ymer/kcliay hl1 gys Sanples 1-5
i's sigilar to that [Seiehefun Lot &% A2 dihi i8di ahipve, nonomers are
nore costly than C ThdSrciat WAGsz; "T2@SUbsE S 1d1e[’rms1tfrﬁate2the 15 econom ¢

es

Cen
advant ages of the NPC aj¥®y. 10 Table 2 deponstra that ggod WAC results

wer e obtai ned for t/mec.camposist | 011 descr 14lsejdf n +“Takkd ¥° | #°g clay to
monoper ratio of ahout Covetctl, fbout 3.0. The ptijal Iclay tq rmononmer ratio
wi |l " depend on the_.int ed._us compesitiens—fal++nAg within the

i Y
scope of the clai med issno\\{vneim Liapznlﬁevxji fl;rNP(,jam: éa%?pmdzbs%%(gﬂ%z.ag:ie&@lyi ng the clay to
monomner . r a.t 1o, a'SThid1!r| éqr%ﬁa% %Séc gpyralgur s!!&L ln%aiQQ@Joer)&Qnﬂmaﬁr foZthesethn»e 20

cross: | inking agep{ T 0. TROOIEL , £Akk B vk B RkSR. BRuAjsUstRest 0 i ncrease or
decr é.rase the WAC ;aQe-liI;ab:ﬁsister;l:alpgg%eraﬂpﬁljn@f\é%lmlimEszei@ﬁ.(ﬁgprlmEmacas&ﬂa“ek andfill

liner, a WAC f¢f }NBediShf ArGOLly. NRGa@. tuseaitp@sdy & 6 odh i vin@@dls t o be  hi gh
enough to ensure {.Rabsotehne: NPGI adsd vy, sSin@iids Sin 8 ef-dbGrbe@mininyy. e @op@CCUPY any
interstitial spaces skoddratne k@ incedddg dagb maee LPived sdysniNRGneadeted ysutivhen t he
conpdsite was forned rdbéfmedegh ee. nek ssenehdai: ngtnak brdectein WoF Evstsidlt t he conposite
has sufficiently hawsjiekfEalbswiyed.e et e MAdoyorirerdthta-#8. For exanpl e,
the WAC for anis 28umiNRGeahineysetseeoitrageiobed adpd 510 P 1Y WERPEEIt e coul d be as
| ow as about 5. OhnNedty sed heg beyi epbray o SAACEL 3oL 6 " FHYET B 00"2YWEl d al so be used

in astandfill |ineme coTmpes) tas: oppmetatCn A WACSBIYNT Y 'CBHEMT Huch hi gher
than 50 coul d reduteease FeWast thigct U gl T Pt Byt Y 2 1 'HE '°c"‘6"°m°f(éxspj;g £ due to

excess water. 30 @ﬂ"&“éq‘tﬁé’ﬂ’t1I2¥‘:’“"eis?‘i"°'b%‘f“§’8ﬁ%1‘la"V&A T“'@c"fs;/fj)%eg'e%ﬁgf' i cations, where
the composi t e & sTYweeliiar Wy v0re TEy RELY TGS RFicrar as wel I, a
WAC i a range of T 8D IELE AN 100 YOI IhE ML Tikel y 25
desired for the cB‘rPﬁ‘bg’i”tsée_?cheﬂ;c‘:é::%s'rf’"(ﬁf:ﬁ 1V The "dbove data illustrates that the
uni que pol yner : ¢l 8Y" 48y €8N provide. ef.i8e) kNG qw 3RALEE absor ption for a
reinforced NPC al | 0y COMBASILE, . AS MG ll roydlhicSheoi& @IRORERAI nei Nt he NPC

al | oys provides a,LoStomedthinl b SelBaRS 18 TRKE s Fs8hidpicced NPC al | oy
COITpOSi te while dﬁisiJMk@nEJngththr@auM\@El Eihgest tﬁbﬁy&ﬁn}iﬁiaﬁgcu&E}dJil‘Glf:rosF)@'ﬁma’bi [ i ty
property perfor mapgRicdfaieic@8erd,GhstiraQuyhdibeRd@chases. MdBrvedbe 5@=i65 30 EXAMPLE 2
Ef fect of Cro0Ss- Lkl 8@sudpedd crods Guidybnaroiarednaidads io@es gnnut YVACH (@ &=t oy Pr epar ati on
35 Thgee MCX MiaXt uk £8ymadiesy Fbse@dly rhoprnd e earrpumtsacy Howr e frfPebl e 3. The
cross-linking agent to nononer weigh)y’ratios ranged From1.10 x 10's to
9.41 x 10 in the three MCX mi xtures. The clay to nononmer weight ratio was
hel d constant at about 1:1. The gclay lisgd kiletde MCX mixtures was NATURAL
GEL"',, The mononmer was a 1:4 {wt) mxture of acrylic acid (A drich) and
acryl am de -



(Cytec). .18 SUBSTI TUTE SHEET (RULE 26) Z a Nov ZU0O3 WD 001' 73596

PC1' / CA00100594 Table 3 20 25 30 35 40 45 50 55 10 Water. NaCH. socium
carbonate INa_CO,), acrylic acid. acrylzrnide. NEAM and x25205 h i xed
in the proporions shown in Table 3 in a 2-L Erl enneyer fl ask. a'ﬁ@ gépﬂg‘ous
solution was mxed well, prior to addition of clay. O ay was added and

m xed again to forma honbgeneous MCX m xture. Al MX m xtures were

vi scous but fluid before polynerization Conponent 8Sanpl es} 10 9

Wat er 100010001000 NaOH1010 110 Na CO121212 Acrylic Acid (AA) 202020 Ac

| ar ni de (AM) 808080 NBAMD. 9410. 3030. 11 K, S 00. 60. 606 Cl ay99105105 Tot al

(q) 1222. 541 1227%90F¥827. 71 i NEAM ( AA+AN) 0. 413. 03T YK Ratio fx 10311
1 The MCX m xtures were left in an oven overnight at 65" C for

pOl )Brrer I Zat I on. A\.\"\fr %I;x sspc(r%LSanri?r !;ezig'!td L}goa»oa’e anagestll}\lggcreQJmL !chéy cmgi QnulL r anSf err ed t 0
gl ass dl Shes and_p&ru!:eeaélghﬁygans"ll.’gni(z? QJy wiﬁﬁmbhegugé Coné%gnﬁ,rril |Ap;§1915 Q‘LI on CapaCI ty
(WAC) of Polymeri, MZ%;L LeQVsR mARREOXH TRL Sk iy GMNQ Ly PGl QY Sanpl e B was
placed in a 500 rpl, HOPE ROkl BoiMat frc 4QQinMmpacbll o5 didndy beplpeMRb@E man Af t €1 48
hourg, free water,,Was..decanted off the swollen NPC alloy using a 115 nmesh
screen. 15 The swol | @R, NRbee@dn lhONsis\WaSecVBinGhe M of &R ehide RBoALEE cral28 Or pt i ONn
capacity (WAQ) WaSausale Ghid atuR phiymeasey A@SGHpledrad sink dnsarmakerderpampl es 9 and 10
were treated i n tRQumsaARNR, FRABES: i@y 1064} nSs. B¢ verc, tabukadedrei N Tabl e 4. The
monoger WAC (WAC, esopomldtGaniatks0neGed s&l|l at ed t o determi ne the water absorption
capacity based on t hn@eadBiHies 6 oRBNOERE wepSeThecticnheympeitipe eesctitkien NPC al | oy
~sanpl e bei ng tested. nTregecpesuh ¢ Hout 020 2mp & &= pmatcabuteetrediodt Tabl e 4 Tabl e
4 Sanpl e8 910 NBAMN Ayke ARflpcoyi & ndpmeSs i@ Ying Ry teprpye! Pec=TginyepionN®C g H, O per
9145 281281 pol yrietkecicnss 2t rQy SNRC oty 1RO s GEAL et Example 2, the

cross-linking agent to monemer ratio can alsc be adjusied to increase or decrease the WAL to the
15 desired fevel.
For example, as a landfill liner, 8 WAQ for the reinforced NPC alloy compasita anly needs lo be
high enaugh 10 ensure that the NPC alloy swells sufficiently 1o occupy any interstilial spaces that were
25 not accupied by NPC atioy when the composite was formed. This degree of swelling' will ensure that
_ the composile has sufficiently low permeability to water and other tiuids. For example, the WA for an
20 NPC alloy used in a landfiit tiner composite could be as low as aboul 5. Of course, a higher WAC up to
about 500 could atsa be used m & landfill liner composite. However, a WAC significantly much higher
than S0 could reduce the siruciural irlegrily of the composile due 1o excess walter.
30 Consequenily, in personal care 1ype applicalions, where the composite’s structural infegrity is
likely 1o be a factor as well. a WAC in a range of from about 20 to abouwl 100 would be mosl likely
25  desired for the composile.
Accordingly. the above data illustrates that the unique polymericlay alloy can provide effeclive
35 water absarption for a renforced NPC alloy composile, As well, the clay companent in the NPC alloy
provides a cosl effective means to make a reinforced NPC alloy composite while delivering the waler

absorbing and/or permesbility property performance desired for ihe intended use.

0
40 EXAMPLE 2
Eliect of Cross-Linking Agent to Monamar Ratio on WAC
NPC Alloy Preparation
35 Three MCX mixtures were mixed in lhe amounts shown in Table 3. The cross-linking agent 1o
45 monomer weight ratios ranged from 1.10 x 107 {6 941 x 10" in the three MCX mixiures. The clay o
monomer weight ratio was held constant at about 1:1. The clay used in the MCX mixtures was
NATURAL GEL™. The monomer was 2 1:4 {wt) mixture of acryhc acig (Al¢nch) and acrylamide
{Cytee).
50
.18
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640 324 nononer in { polyner/clay alloy -19 SUBSTI TUTE SHEET (RULE 26) 2 O
Nov 2003 5 10 5 15 10 20 15 25 20 30 25 35 40 45 30 50 55 WD 00/ 73596

CTI CA0O0/ 00594 As shown in Table 4. the NPC alloy's WAC i ncreast[}&&VE
cross-linking agent to nononer ratio decreases from9.41 x 10" to 3.03 X
10'". However. it is believed that a further significant Cecrease in
cross-1linking agent to nononer ratio (e.g.. to about 0.10 x 10) would
sufficiently reduce the nmechanical strength of the NPC all oys networked
polymer and [hereby Iimt NPC alloy's ability to absorb and retain water.
OF course, to the extent the polymer is not cross- Imked/h t he polynmer wll
di ssol ve in wat ePo% s at |ow | evel s of cross-1iARIAG. "t he pol yner may
fracture and becone water-sol uble. However. if the degree of cross-finking

i S t-‘fOO hl gh ther € I §(aletr QQngcburgoQﬁe%sa Ca'l []:thcg:lg Lﬁﬁmeﬂ@wmsz@m I tS V\ﬁt er
absorption capacify, il LEAHCAH A6 605 I NGIYn ook 1 ~RDOMEEA: Rocb | | USE T at €5
that the unique NE Gl Lok £AN B VbR LLEBEH b MB s WRbERows RESQLDL I On for a
rei nforced NPC ala i mGQOROSIsdoS oo MSoeBlodmerz@@Nt rol | i ng the cross-1inking
ageny to nonoper ratio, alone or in conbination with the clay to nononer
ratio. provides a means for designingrskhe water absorbing and/ or
perneability property perfformance desireds#efg{Né conposite's intended
use. EXAWMPLE 3 Hydraul i doE8R8uetH-vi-th—of—R-ntorgedaiNet wor ked Pol ymer O ay
Al | oy Conposite Mononer/ Qhad M XTUT e_Preparati on 1910 MCX m xtures were
prepared in the anounts shb¥Rin-Fablé 5 The—elajftd nononer weight
ratios were 1:1 and 2:1 im& Mejs ajﬁiMi vely. The clay used
:\lgsatjheNalv[H:)éogi X'I[El[J)'rl'is vvasl_ézb})PAL CFE 2 Thelibrores, was ecrél ani ?ﬁ Wat er,
, , acryla JK2820 . were mxed In e

AN R i VG gl e

5 1) - ay was added an
m xed again to forma honbgeneous MCX mi ure. I\/C)é’ m Xt ures were
vi scgus but flui %"' *{?\%??Wg;%%ﬁ@ ;ﬁ@%‘];&g’%ﬁmy\nﬁ%:’fl’émf'fg;, ‘Aforcing agent Table 5
Con‘ponent 1112 Sg ation, rapsrern 1o glass dishes an riged al

Water Absorption Capacity (WAC) of Polymer/Clay Alloys
Approximately 1 gm of NPC alloy Sample B was placed in a 500 ml. HOPE boltta with 400 mi
distilled waler. After 48 hours, free waler was decanted off the swollen NPC alloy using 2 135 mesh

\/1

v

e

(YN P

30
screen.

i5 The swotlen NPEC alloy was weighed and 1he water absorplion capacity (WAC) was calculated
as described in Example 1. Samples 9 and 10 were trealed in lhe same manner. The results are
tabulated in Tablg 4,
35 The menomer WAC {WAC,) was also calculated lo delermine the waler absorplion capacity
based on the amount of menomer used to produce the NPC alloy sample being tesled. These resulls

20  are also tabulated in Table 4

i 40 Tahle 4
| Sampie 8 : 9 . 10
NBAM/(AA+AM)] Wi 9.41 ; 3.03 ' 1.10
Ratio ¢x 10%) i i
WAC | gH.Operg 145 281 : 281
! polymerfclay i
45 i alloy !
waCn | gH:Dperg 324 B41 \ 640
i manomer in ! :
| palymerfclay ! :
1 gligy { !

T
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NaCOH7. 4981, 891 NaHCO00. 2040. 468 EDTAOQ. 2170. 06 Acr Vi am de50. 007. 72

NBAMD. 1230. 028 KSQ0. 4180. 085 C ay501215. 369 Total r399.833100.041 Cay to
Mononer Ratio (w 11.001. 99 Reinforced NPC Al |l oy Conposite Prepi@ﬁﬁ\?iﬁm
PETROVAT" 4597 and AMOCO 4551'" (Anpbco) geotextiles were used

reinforcing agent These commercially avail able geatextiles are nonwoven
fabrics conorising polypropylene fibers. The -20 SUBSTI TUTE SHEET (RULE
26) 20NOV 2003 WD 00173596 PCl | CA0O0100594 5 unit weight for PETROVAT ''
4597 and AMOCO 455111 is 0.14 kglm and 0.2 kglm. respectively. The

geol extiles were about 1-3 mmthick. The thickness typically varies in a
non-woven geot ex®f%€*¥nd it is difficult to nmeasure because of the fibers.
Rei nforced Sanple Al was prepared by pouring Sanple 11 MCX mixture in a

t hi ckness of 10 5 abQufowlin Pol@Mhdibt SENLESQRE Q nderodslhihdbheX 0dbhoke pi ece of
PETROVAT | 4597 0eRkXle 48 o.41k @PLCGEE R iHBGvedl s dei@Bdian@misg@baut 2,5 kghrt™ The
MCX m Xture was i QtdaTRtelywigdist & hbutat doant:on the geotextile material
usi ng a wooden r olohkdd@sudeRly redR@ inéifi 022 dendadipd nec A s Masebgfpated i N the sanme
manner as Sanplse MAeoyiGinAgsidPadm) eodRanbMed wad> M xt ure and AMOCO 45511"
geotextile. 10 Rei nf areed cSaaph e Ad-wascriprapareedmusinghSanpl e 11 MCX

m xture and two | @y.enseat o AOGE:. vt may repr@ b et wierFhuele Mend Xt ur e was
poured onto one Ilweree@cffossgi@m'ewtvbhl@fe(Sioq even confygrtt engeroleeyetfwegnd  t hen cover ed
wi t hist he second | @yernepagesicexile (i.e.. lop layer). The MCX m xture was
intimately di®tri but“@ﬂ""‘ﬁ’h‘“‘a‘hﬁe°6?T“”B’Eitsﬁa' ey eer oSy Prgde REBEEH rol 1i ng pi n,
though the ni xt ur@°Ras™ pef ﬁ‘é"r”ipfﬁf"ym""é,"ﬂtf'é‘feéﬁ’t‘i"‘%i‘P‘l‘V""éWB’éd%ﬁréﬁ t hr oughout t he

- bottom | ayer, 15 TATTFE FP°0H &Y MR 1 % BFEE4 ar“rjﬂ"’é"?%@“ 'ﬁ d?e‘ﬂ bet ween two
gl asg plates and PufiHEG® GH BVEN "8t 750C"T 672" Rodr g"for “pol ynerization.
Spacers were pl, aceéd between the gl ass plates so that the polynerized
sanpl es woul d e of substantiall y unid st hi ckness, w thout added pressure
during 25 pol yrrerl zation. The gl as$u.pk 8dn&Sin@ls0 reduced evapor ati on of MCX
m Xtyre conponents duri ng poinwaftw%atPh'mt0'32®'°Reiﬂnf"er ced Sanples Al and A2
were dried in 80' C oyerni ght. Sanple A3 was not dried, but was

St or ed I na pO%yet ) e”c aymbaua%s;a:re preparer:lI nyhe rI ngghovgqlT;én? ke%lgytlcmgrgmer ThOUgh Sarrpl €s

Al and A2 30 Wera.g%loggu latml ﬁs%g@nnablegecnvgy WS Bay bell6 e GEHRECED NPC al | oy
corrp(35| te in an n@pmqilyme{gus 1 rBhomedSis deflamicampl € A3. 35 40 45 50 55 25

Hydr AULT C CONAUCE i Vi tyer KBSH nerdd edTR b oife, NABE siic,sfch @Wmdd I Obk@HAonies | ayer of  t he
rei nforced NPGsal hQyin GRS E@msaifl. &S aclbdd eliodwas diydicdld: ic6agi @di ent was
measur ed usi ng ASEMcbB8:huddband A Eddlh b BB 2 nBbperess v x Gl thakick Mi@tsheoed t 0 neasure
the flux or flow @uswakessiopedns ditkiés wameantdsoagh the sanple. The |est
spectnmen was set up in a erX| bI e waII per rrearrel er. subj ected to a total

a4

stress of 30 550 kPa and aghgsk—pt essthe—af—5t53kPa for a period of 48
hours. Fl ow of dei oni zed V\I;JI_EI”_\ABS_I_DJ_LL.&L@d_b_)I_‘ElanSI ng the pressure on the

e - 4 ~291.1 i A
? l

i nfluent side of the test sfEktmen—to—53 pl aces an effective

conf¥ning stress on the speg%l;.g@n._of_a,ppx.a%g_ﬂgmi_e%&z) kPa. Al'l sanples were

A

tested at 20 kPa. except Safghe& A2 WhiiThwas Testq sted at 120 kPa. The flux
was det ermi ned when infl ow [ _outfl ow el appipxi mat el y equal .

K;5:0, 0418

Clay 50.22 15.3689
45 Toial 1g) 359.833 ! {00C.041

Clay 1o Monomer Ralio {w!) 1.0Q ! 1.28

30
Reinforced NPC Alloy Composite Preparation
PETROMAT™ 4557 and AMOCO 4551 ™ {Amoce) geotextiles were used as reinforcing agent.

50 These commercially available gealextiles are nonwavan fabrics comorising potypropylene fibers. The
.20-
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35 Because the sanple's thickness nos an influence on its hydraulic
conductivity. the flux determ ned by the ASTM 5887-95 test was used to

cal cul ate hydraulic conductivity based on each sanple's different2 0NV 2003
t hi ckness. The hydraulic conductivity results in Table 7 were cal cul ated as
follows: kip = (0/A) (.SL/3p) K _ pg (klu) -21. SUBSTI TUTE SHEET (RULE 26)
2 0 NOvV 2003 WD 00/3596 5 to5 151D 20 15 25 30 35 20 40 25 45 30 50 55

PCT/ CAO0/ 00S94 where It is perneability, it is fluid viscosity. (QA) is
flux. 1. U-1p) is the reci procal of the pressure gradient, which accounts
for variations in the sanple's Thi ckness and Therebly nor mal i zes | dg and
Aence K. K's hy®R®ffc conductivity. p is fluid deff¥ft%“8hd g is a
gravitational constant. In addition, the change in specinen thickness was

reasur ed and ysed. b ppkal At sl Do REESEN) 398, Bl ﬁw@rsaeng.{duri ng_the test

The results of thg LS, CAnd M%A,Mcm;.yg;cg s BBy gd in Table 7.
BENTOVA14 ST CE,Im,mArEJSJ,J}g;uQeQmBLDLLl noi s) was used as a conparative

sanpl e. BENTOIVAT" STrelScelsalielat $aOISd S bybfGh saRfie BuSQRLLARBREONI | e | ayer
(appeoxi mat el ys 4 aQu KGhdHexnReIMER Bn MDM-Qike ARE RAWAT™ MO @ RgeRtaxdd | es, which
are needl e- puncheghnd Ogai2Bey- vkiex hoflietbs abmadtdridibdiabs ot hic@kesses are shown in
Tabl e 7 as To andatehy ysid06peetgmel y. The unit weight shown in Table 7 for
Sanpl es Al and A2 i SrReice@saiibirSiatiietureh i B arBaginGss sawvp bseo ABenagxnot dri ed
af t ex pol yneri zatwenawdso sdhesedor e, the exact | oading on a noisture-free
basis i s not khown. feoweyamseasyatorepapd eiggSprrpg et Pifgterdt-hiererrifHoCei ght on a

nmoi st ure-free basFs cagxie gETUCK WEP “6F.PFBY RGTHE® “FUEtEnPERPEh®e, t he MCX

m xture and geol & i Eedor reeet s Ahsr &e B YARTHT Y8 n Table 0. Table
5 Sagpl el Rei nf oFifPLFF% T"°T\?B?‘l’dﬂ’f§'f‘?"€j“8¥;§?g@ﬁ‘f "VERE T RPPETYROMAT 11 4587 A2l

AMOCO 4551 12 A3*"tRULTE AL TT "455%" Com ar at i veBENT i OVAT ST 'N A Table 7
i San_pl e V\él ght | .I.'I';e relmlorcgv\eT |xlu e sampleriw I 1weent ‘kg f:(ﬁ_[i)ales arﬁju t::”hé kghn t N | mT)
( nm ( % | f k P | Cve tli' °C rSZ hours for uolymerlzanon pacers were placed belween ihe glass plates so tha
clymerized sampies would be of substantially uniform thickness, without added pressure during
25 polymerizalion. The glass plates also reduced evaporation of MCX mixiure compenents during

polyrnerization,

20 Reinforced Samples A1 and A2 were diied n an oven at 80°C ('Jvemighl. Sampie A3 was not
dried, bul was stored in a polyethylene bag direclly after polymerizalion. Though Samples A1 and A2
were dried, il is preferable 1o use 1he reinforced NPC alloy composite in an non-tried state, as in

30
Sample A3.

25 Hydraulic Conductivity Test
Tne rale of waler flow through a layer of the reinforced NPC zlloy composite samples under a
35 hydraulic gradienl was measured using ASTM 5887-95.
ASTM 5887-95 is 8 slandard method lo measure the flux or flow of water per unil area through

the sample. The lest spacimen was set up in a flexible wall permenmeler, subjected fo a lotal siress of
340 550 kPa and a back pressure of 515 kPa for a pariod of 48 hours. Flow of deionized water was initiated

by raising the pressure on the influent side of the test specimen ta 530 kPa. This places an effective

confining stress on the specimen of approximately 20 kPa. All samples were tested at 20 kPa, excepl

Sample A2, which was {ested at 120 kPa. The flux was determined when inflow and oulflow ware

L g0

approximalely equal.
as Because the sample’s thickness nas an inftuence on ils hydraulic conductivity. tha flux
45 determined by the ASTM 58487-95 test was used to calculate hyoraulic conductivity based on each
sample's different thiekness. The hydraulie zandutlivity resuls in Tabla 7 were calculaled 3s follows:
Wi = (QVA) (AL4op) '
K = ng {kfu}

50
o9
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Al 10. 611. 064. 80344 1 204.8x10' 1.5x10 Ara. 0.961.70 2.191 29 1

1203. 7x10' 5. 1x10" A3l -0.75 13.896.9278 1201.6 7.2x10- x10 i

Conpar ati vel4d. 906. 208. 6840 20x 2. px1D~l 3.210'5 The water fl ux tfjﬁ)@gm
Sanples Al and A3 was simlar to the flux through the corrparati\z affpt e
at an effective confining stress of 20 kPa Even at this very | ow NPC all oy
|l oading (as little as 0.64 kg/ n2, where the weight of the NPC alloy is
calculated an a water-free basis). the reinforced conposite is as
effective as GCL with 4.9 kgl n2 bentonite. The average hydraulic
conductivity (K) for Sanples Al and A3 of 1 -1 x 10'9 cm's. which is about
a 50% i nprovenenooyePsUs the conparative sanple's IRV x 10's em's
This inproveg K value is particularly Significant since hydraulic
conguctivity lends to increase as the confining stress approaches zero, ate
di scussed nore ful 1755 P ERLNPE B9 Seospievier LLpliins edbatam berwmst I at es t he
conposi te's surpri STHY" AR UHEX pertred e sdypd sirtcpest a0 neke hdmpges wi @4 rakd vel y

consi st ent hydr aul i'c* tERIERYE IV 7y e forrrenee amesaot h | ower confi ni ng
strgss and higher confPHIPhY® BYFEsErEoifdre rongeifEBETFITE SHEET (RULE
26) 2 0 NOV 2003°5 "10"% " TEP0e £8 25 20 30 25 35 30 40 45 35 50 55 WO
00/ 73596 PGT/ CA00/ QQ594, THE, RUXYRFGHH “Sefifir e Ao =yedsPHEYEEE at a conf i ni ng
stress of 120 kPa tq.deferm e THe & Face.~ Br=thiWdnt *aPfigst¥ess on flux
and Tforrespondi N0 ONEILAleh G b QUG TT Vi Y™ e PILR PRPBLYH™Sanpl ¢ A2 was
sinifar to the fibux thhoMEhe SANBLES, AlmddA3,.30d, t e hydraulic

coNdUCt i Vi ty Was S iihlsdin itriic SHERE: a1 Bnz ARG NGLY L llare: Was 1ittle
Change V\hen 't he C0mefis)mﬂ-@tios%ﬁ.G§e‘§:re\./\@$xa<§:JELG;Xg@raaanQure-nanms @DI kig WQ.' Hriw(g'.' :LZO kPe
Accordingly. the reiaieseacte NoGgRl Ad.C AHTROSI LE-R-0%des a nhydraulic
condlctivity perf or mareesnwetdce e aStmiGOHPASRLL0 if @on senbe NLHmDELESL t han,
conventional GCi but wei ghing substantially less than GCL and having a
dramatically unproved clay retention capeci ty versus GCL when exposed to
water. In turn, this contrijemes sigmiEieCantrapmEOat e composite’s
londgéterm hydraul i c conductiVity ped 8 mance,™“fhi chjwi |l remain relatively
stabl e over | ong-term and pens$i stenqjg\ﬂ_fmmeﬁr exposure in t he environnent.
Meanwhi | e, under similar envi oc Tt —the hydraulic
conductivity for GCL will det&riorafd¥EP ithme as [clay particles nigrate
threugh the GCL fabric | ayer (&Bpdive CitS®RA SHOWR f utty; under Exanple S.
EXAMPLE 4 One Alternative Preparation of Reinforced Networked Polyner d ay
Al | oy Conposite Table 7

i Sample S Weight 1 T, T, Swell | Goecns  FIOX i K{cmis) |
Likgim™y © {mm) dmm) 2 (%)} ! {kPa)  (mms) i
35 Al 1064  ©1.08 :4.B0 - 344 120 i 4.8x107 1 1.5 107
A2 ;096  "1.70 219 128 1120 37x107 (8% 107
A3 1<0.75 13BO i6582 '78 120 “16x107 [ 7.2x 10
{ Comparative | 4.00 620 1868 ;40 |20 £ 3.2x10" ' 20x10° |

20
The water flux through Samples A1 and A3 was similar fo the flux through the comparalive
. 40 sample & an effective contining stress of 20 kPa. Even ai this very low NPC alloy loading (as lilte as
0.64 kg/m®, where the weighl of the NPC alloy is calcwaled on a water-free basis), the reinforced
tompasite is as effecive as GCL wilh 4.9 kg/m’ bentanite. The average hydraulic conductivily (K) for
25 Samples A1 .and A3 of 1.1 x 10° emyrs, which is about a 50% improvement versus the comparalive
45 sample’s K of 2.0 x 10® em/s. This mproved K vaive is parliculany significant since hydraulic

Senductivily IENOs lo increase as tho confining eirpee apprasehes zero, 25 diseussed more fully in

Example 5. However, this data demanstrates the composie’s surprising and unexpected ability to
deliver relatively consistent hydraulic conductivily performance under boih lower cenfining stress and

30 higher confining stress conditigns.
50

.22
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Rei nforced NPC Al l oy Conposite Preparation Reinforced Sanples 81 and 152
were prepared in the sanme manner as Reinforced Sanple A3 in Exanple 3
using Sanple 11 MCX m xture (see Exanple 3) and 2 |layers of AMOCO 4551 T"
geotextite. The geoiextite material was intimately contacted w g NINe0lICX
m xture using a TEFLON coated piston, with pressure applied by hand. until
the m xture was substantially distri buted t hroughout the material. It
appeared that the MCX mi xture was nore evenly distributed using the piston,
as conpared with the wooden rolling pin used in Exarrple 3. The reinforced
MCX mi xture sanples was placed in an oven at 65C fof_ s for

pol yreri zati on. YA®¥8i nf orced sanpl es were stored | n & pH{ yet hyl ene bag
directly after polynerization. Hydraulic Conductivity Test The test
procedures for hydr sl GousCRAUGLENdsbol: - BRASIF-Q BES kra WRHinik R@re8ame as those in
Exanpl e 3. The r@s thit sidds e ntxahdr-atoats iydeud ablcgiy Brawint dughlhance @sul t s for the
sane conpar at i VeesSaiidd v@ nu66kch sahoRs ADGR AhdEne Barauik sldu@vinBras shaanpi=ace\\ei ght Tv |
Swell 1 oNr_. (lkglagrbingf, fawes(idGhande wiekieadtininBess bosin@esBira@ @kPdh® 1 20 82 |
<0.76 3.67 1 414rsi 20 Conparative 4.90 6.20 140 1 20 Flux K (cmc)
(mM/m/s) t 2. 7x10Hecohdge 1@ eriBee@net Oy cdnr@ Irgyves Sgexig Grdncidy pRTH™ The wat er fl ux
and K t hrough sareptew=8% odntireBX apnges-edin i ar vaotr o eaeely g "4/d K t hr ough t he
conparati ve samﬂftdéa"'éﬁta“’8[’??‘”%’#‘7’%’(‘1"6’f‘iY@‘Efé‘tﬁr‘FF*i"WeﬁqG%f"?*é?%"“&?‘”“20 "kPa. Even at this
veryssl ow NPC al [YBy s EyPig "epse 'S‘UBS“FI“’TUFE‘“‘S’I—I%?“Z“F?UUE”% 2 0 NOv 2003 5
105 15 10 20 ‘?LS“?"5“"2’6“336'3‘?55'3?*3°”30“94"(5"??"3"5?1“5*”‘5"’6”’5"’5‘:“5’/\@L ,d” 596 PCT/ CA00/ 00594
(CD 75 kg/ m merMéan\fhPfeum‘?\é"‘nklﬁﬁfwmn?emil condllll%ﬁ):'éd[alr“c cg::lcsl:el:r:;rﬁ fUQWI ndeg'e mga Ieon a V\al er -l ree
basis), the reigforced” "Conposite 0”9"'8 as effective yéCL th 4.9 kg; n2
bentgnite (dry wei ghl) . Accor di ngl y the reinfor ced NPC aI | oy conposite
provides a hygdraulic conductivity penfaepance at |east conparable to. if
not better than, conventional Gl aredddleMRi.@hiiNng substantially | ess than GCL
and having a dramati cal | yRiiﬂwwe@keePwerﬁ'eft‘*@mﬁme%“%apaci ty versus GCL when
expoged to wat eRemfnrcadNPkkllﬁ Com osne§repara nt rl bUt €s SI gnl fl cant l y to the

COTTpOSI te's | 9 ampels'I 1|af% BQW(%Q rypggdlm\{l"e £a¥e rrgrﬁgr]:us% r(mc@oc‘s@mplnﬁkyml ch will
remain relati Velln¥xa§l£le%6jﬂ§539é(e§{MJXQ‘lQIGe {fegg EﬁpQQ%a H@L&l %%51%t er exposure I'n .
t he € nVI ronment ‘geotextile. The geolexlile material was inlimatety contacted with the MCX mixture using a TEFLON™

cogted pision, with pressure applied by hand, unbil the mixiure was subsiantialty distributed hroughowt

the material. !t appeared that the MCX mixture was mere evenly distributed using the piston, as

30

25 comparad wilh the wooden rolling pin used in Example 3.
The reinforced MCX mixture samples was placed in an oven al 65°C for 2 hours for
polymaerization.
33 The reinforced samples were stored in a polyethylene bag direclly after polymerization.

30  Hydraulic Conductivity Tast
The test procedures for hydraulic conduclivity measurement were the same as those in
40 Example 3. The resulis are tabulated in Table B with the resulls for the same comparative sample used

in Example 3.

Table 8
Sampie Weight ! T Swell | Semecone Flua“ | K {emis)
{kg/im*t  [mm) | (%) 1 (kPa) (m™/m Is) 1
g <(.75 3.61 112 120 27%10° 1 14x107
45 ; B2 1 <0.78 67 114 i 20 (3.0x10° 1 1.6x107
i Comparative | 4.90 6.2¢ | 4l 20 T32x%x10° | 20x10"

35
The water flux and K through samples B1 and B2 was similar to the flux and K through the
comparalive sample at an effective confining stress of 20 kPa. Even at lhis very low NPC alloy loading
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Meanwhi | e. under simlar environs enlal conditions, the hydraulic
conductivity for GCL will deteriorate over tine as clay particies mgrate
through the GCL |abric layer as discussed nore fully under Exanplyg @ 2003
EXAMPLE 5 Flux at Zero Confining Stress Sanple Preparation Sanpl €s were
prepared using the follow ng MCX m xture having a clay to nononer ratio of
2'1: 1006 g (152 w -9% acrylic acid 400.5 g (6.04 w acrylamde 55,1 g
{0.83 wt.% NaCH 51.5 g (0.78 vt %9 Na2CO3 1.62 g (0.02 w-% NBAM 12.8 ¢
(0.19 wm.% potassiumpersulfale 1000.8 g (15.09 w.% clay 5009.9 g
(75.53 wt. %9 water Reinforced NPC all oy conposites were prepared using the
MCX mi xture and TERREE|I X5 270R-A geotextile. Sanpl E“EY?* prepared in a
sem -conti nuous process, as discussed above and illustrated in Fig 3. to
dl St-T I bUt € t he I(\nggfmrr)\(v eyl;hgweiigrq ILDI&CgIeyOastcgczﬁgleid Lnea wgem-gee Eagsr}.m rLij!ng:edcorrpOSi t €. The
MCX mi xture was ...appk 160 & @hgﬁgﬂg%&hhgwaﬁudescrlbed bel ow for each set
of sanples, A pol yell¥l e cfiddNee QY ednpBRRbes o YRS RhAGHeAnd0p Of the MCX
M xture and a VaGLLIRYAS o dRPehelfdn, toRedidios alifrlghne fh QR Bengegl extil e’ s
opposi Ng sides TRedeHerFicd] tbFoRa M Sientidn tbabiBuder@lls Yo Gheb txpokebid bl Wi N @and on t he
geot exti |l e mat eninads chypuapphypitngne ci-ieie vaset Rralhewsioyefgheet reduced
channel i ng t hr oughwit-éren sanrpl@c an drotchrendB)emiaptettpe: wasnroree. evenly

di stri but ed t hr eaghieive sgeat-extetd eiisgshetxapyramad vimprichL «@ «raaepl e pr epar ed

W t hgut a cover oglvesat cay dfatyyes Beariloshel3L teprrdpye ¥ discesiaemoIT vt ReTlEe was poured in
a thickness &f &bout 3.5 mmonto a 0.96 mx 0.97 m piece of geotextile. A
second | ayer of the geotexlite was placed on top of the MCX mxture. A
polyet hyl ene film cover sheet was gﬁ@%ﬁson top of the second geotextile

|l ayef, and a vacuum pressure of "AB8*“PT YA was applied to the opposing
side of the fgrggugfotgxtile | ayer. -24. SUBSTI TUTE SHEET (RULE 26) 20 NOV
2003 5 105 15 1072Q JH°0h 30 20 35,25 40.4530,50. 85,00, ARL 13596

PCT/ CA00/ 00594 For Sanphgsh-400.1e. the MCX m xture was poured in a

t hi ckness of about 2. 5.4 @00, &yere 95 M x 0.50 m pi ece of geotexttte. A
pol yet hyl ene fil m covegs,shesh«was pl aced on top of the MCX m xture and a
vacuum pressed e of abositsh6s kida=pRs applied 10 the geotextile's opposing
side, Sanples 17 and 18s:v¢erswpmepar ed substantially the sane as Sanpl es 15
and 16. but using a Vva&edumpresswhesefe about 15 kPa. instead of 16 kPa.
Allzﬁanples wer e heal ecodspittdyetsgemi . cont i nuous process using a CATADYNE
infrared heater (placeesabputt8®B mm above the sanple) at a tenperature of

about 80C fof5 10 minutes to form the reinforced NPC all oy conposite.
Reinforced NPC alioy composites were prepared using the MCX mixture and TERRAFIX'

35 270R.A geatextile.
Samnples were prepared in a semi-continuous process, as discussed above and illustrated in

Fig. 3, lo distribute the MCX mixiure in the geolexlle and form the camposte. The MCX mixture was
30  applied to the geolextie as described below for each sel of samples. A polyelhylene fim cover sheel
was placed on top of the MCX mixlure and a vacuum was applied Lo the sample from the geolextile’s

;%0 oppasing side. The MCX mixture was intimalely distributed in and on the geotextile malerial by applying
the vacuurn. The cover sheet reduced ¢channeling through the sample and the MCX mixture was more
evenly distributed through the geolextile, 2s compared with a sample prepared without a cover sheet.

35 For Samples 13 and 14, the MCX mixture was poured in a thickness of aboul 3.5 mm onto a
45 0.95 m x 0.97 m piece of geatextile. A second layer of the geolexiite was placed on 1op of the MCX

mixture, A polyethylere film cover sheet was placed on lop of the second geolextile layer and 8
vacuum pressure of about 20 kPa was appliad to the opposing side of the first geotextie layer,

50
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Sanmpl es were cut into 9.0 cmdiscs using a high speed drill cutter and

wei ghed. The results are presented in Table 9. Table 9 Sanple Unit wei ght
(kg/m) 13 i 3.47 14 2.92 15 2,73 16 2.90 17 i 2.42 18 2.46 Eg\gmylic
Conductivity Tests The hydraulic conductivity tests used to eva §

Sanpl es 13-18 were based on a nodified ASTM 5887-95 test. The apparatus
used for the test was a Saroid filter press. Conpressed air was wused to
apply pressure through a pressure nmanifold. Unlike ASTM 5887-95, under this
hydraulic conductivity test, no confining stress was applied to the
sanple. As nentioned previously, the hydraulic conductivity of a liner
will generally d®&¥84%e with increased confining stfe&& & cordingly, the
hydraulic conductivities illustrated in this exanple, with zero confining

stress applied, r equrefagﬂets E o3 16, WS § 538 G0urc S CENRE Qavo 3G GnsNe |1 ner may. at
least early in ks, )osd RoecRoe®tiRO3EMER nk QN HJUAG 215 E3ARRE hat are | ow or
near zero. The SAMPLes06/ Rl AEEDs @l Dfes RAL LOMQfontifiGef 1 | ter apparatus
followed by a rubbeg.gasketiswkGhobes @ifial eame NBmRASS &R ) eS| Nserted into
the support stangdwnmsealedulysibd @hlemiig a "T" screw and then connected to
t he pressure mani f ohiGampdshi@e de@8 & ind skhiiobln VRS cdshRRy kb bedcee to the cell and
the sanple was P50 akeds dnmbuddd® sdh@$d o Elpbdid of00 a0 fh @lHhSes Blomat NMOSpheri ¢
pressure. After ndrehotd e ey db@w pressure of 15 kPa was applied. Effluent
was Mei ghed, at an b hadl nofo om Bicdbidy € Goh sbkea bril@ueDR Gt NGresdE t €St and
several hour sot heseafetietapesThe amount of effluent was used to calculate the
flux through the sanple. using an effective flow area of 7.7 cmdianeter.
in:this exanpl e, deionized water wasTased as the test fluid. The water fl ux
thl‘()zlblgh t he sanpl es was neasur ed Satee48Uhgesrs; These water flux results are
presented in Table 10. -25 SUBS“'ﬁwé—S, —SHiEET ( RULE 25) 2 0 NOV 2903 5 to 15
520 10 25 15 30 20 35 25 40 4530 ‘%@T—DOI 73596 Table 10

146. 44x10' 8. 41x102. 52x10 155. 59x 3 —19x10'

o7 2.42
] 18 : 2.45 i

2%

Hydraulic Conductivity Tests
15 The hydraulic conductivity lests used 10 evaluate Samples 13-18 were based on a modified
ASTM 5887-95 test. The apparatus used for the test was a Baroid filter press. Compressed air was
30 used to apply pressure through a pressure manifold. Unlike ASTM 5887-95, under this hydraulic
conductivity test. no confining stress was applied to Ihe sampie. As mentioned previnusly. the hydraulic
conductivity of a liner will generally decrease with increased confining stress. Accordingly, the hydraullc
20 conductivilies illustrated in this example, with zero confining stress applied, reprasents a "worst case
15 scenario” where the finer may, at least early m its life. be exposed 10 confining stresses that are low or
near zero,
The samples were placed al the tottom aof Ihe filler apparatus foliowed by a rubber gasket. cell
and cap. The assembly was inserled into Ihe suppor! stand, sealed by tghteming 8 "T" screw and then
25 connected to tha pressure mznifold. The lest fiuid was then introduced to the cell and the sampla was
© 40 pre-soaked in the 1est fluid for 2 hewrs al atmospheric pressure. i
After 2 hours, a flow pressure of 15 kPa was applied. Effluenl was weighed, al an interval of
minutes at the beginning of lest and several hours thereafler.
The amount of effluent was used 10 calculale the ilux through the sample, using an effective
’ 45 30 flow area of 7.7 cm diameter.
In this example, geionized water was used as the test fluid.
The water flux through ihe samples was measured al 48 hours. These waler [lux results are

presented in Table 10,

50
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164. 78x10' 6. 24x101-87x10 173.85x10' 5. 03x10' " 1. 51x10

185. 86x10" 7. 65x102. 30x10" As denonstrated in Table 10, the water fl ux

t hrough Sanpl es 13 through 18 using deionized water at zero congnigqm
stress are simlar to the results for the reinforced NPC alloy c hﬁ@ i @
sanples tested in Exanple 6 (salt wafer, zero confining stress), Exanple 3
(dei oni zed water, 20 tips and 120 kPa confining stress) and Exanple 4

(dei oni zed water, 20 kPa confining stress). In contrast, the hydraulic
conductivity for water through conventional GCL's is significantly
increased as the confining stress is reduced. Moreover. as nentioned in the
di scussion in Exanph®%6. the salt water flux throubfic&@ss#s known to be
much greater than 1 x 10r nB/mls. Several conventional GCL's were tested
withs;fresh water in a paper by D.E. Daniel ("Geosynthetic clay liners,

part two: hydraulic properties” Geot B¥hAical FEabrics Report 14:5: 22;

June-July, 1996) . A™°q CBARFALNG" btrASSre ARTE YPEMENE 611000 kPa.

conventi onal GCL'‘s 1E|ave a fydvaul i c COMEUOTIVITY ramo«eﬂrom 3 x 108to 1
x 10g curls. The HhydraceEht vt Y Bereases—£8 40 range from 6 x 10' 19
to 6 x 10's curl ‘JDE_DJ_DEMLQDLL_Q_DQ_;SE‘LL@SS ranoesarrxn jm 10 to 100 kPa Only

one data point was—providedid fe—a-tontililg —stresdidier—40 kPa. The

hydraul i c conductivity was 2 x 1000 ¢cms for a confining stress of 7 kPe.
The data was ext r apotratied it el h byyes My deeahdee' tontdets ity range of from 6
x 100 cnis to aiyouteo frigngi@es are T 1o B resyifer e EbeseaBFHIdy PRmPRESe PSS | s decr eased
to 1 kPa. Accor #imgEymed 5ivesheeeenale sGer Bemeh Higrenza wapyeatf *t conductivity at
least 1 x 10" ? EHFE™GFYHrEtBr T ey &y "Rk *tfe conposite hydraulic
conductivity test '%‘§'UTSE e “SF”"%fB’GLﬁ‘t“"V?’“S”i?’“‘.‘ir(f"“égﬁimg' SC “98PBY confi ni ng stress,
partfcul arly sur“ PIEST Y et U '“%““Cﬁ)e%‘i“’é" > RRRWPLE 8 ”“'@'"Igfam‘(ﬁﬁt er Flux Tests

all wal it 1hroug GCLI Nown much realeflha 1x 10 m>/m* fs Sev r
One problem | l a] Ll € such as GCL,
Flun 1|ona| s we[g |esled WI h fresh wgler n a pape b an eusynthehc clay lners

i's that thei r WW Dar. r;!mgrhmqp(gpegg unm.;uﬂ'@a X\IL mngxposure to sail
Xngusfgr"l IIOO \4:|oﬂ1%cﬁn§;§a] tdraul:gc%.gigx agg oLngp a OUt 3 wt. % or

wat er, particul %s
gr eat’er. For eX 1@10"@nlscﬂg\1\‘neau££0%a§‘7lty|n% DQ'§|gea'on:r6|xW°t&x1@DQSUt 1 x 10"°

nB/ ITQ/ S, USI ng mhe%ﬂskesslmﬁ}l@r0do1&@a Onmttﬁlg pofnilwlapﬁro&dmr@#lg‘t%mm— I's knO\Nn to
be nmuch greater atd@bh dupt ThehQRudhidlcSiy wis OF waXadp infshrBakauhe 1 x 10" nil/ nB/ s
to about 1 X 10auembskifpdistes d MinG nRM@dERbeviy GeIR6E 11etese Hawa’r ei nf or ced NPC
all oy conposi t ecgdibgtrandbii:ghikasyi RBdRE181 VS AdcdioBay] OWwnpRrcoEabEd ity On  exposure
to sail water. Ganpkewdngpanatiron:Canpl essy ddnamecnRde mesie prepar ed usi ng the
foll owi ng MCX nioxbamvess (eRisDf sl 25~ 10°0m/me romeMrasetsi rglcuengpphised i n t he

sem - cont i nudus protless described in Exanple 5: -26 SUBSTI TUTE SHEET ( RULE
26) 3s26NOV2003 WD 40! 73596 PCT/ CA00/ 00594 5 1008 g (152 wt.% acrylic acid
400.5 g (6.04 wt.% acrylam de 55585 83 wt.% NaOH 51.5 g (0.7B wt. %
Na2CO3 10 5 1.62 g (0.02 wt.9% NEAM™TZ“8™¢ (0.19 wi.9% potassium persullate
1000.8 g (15,09 w . R °’°8‘1 °“5‘tﬁﬁ§“'@°pg:u’g°?%""‘5°3"“v&5“6’ %5° W B¥ "5 20 25 30 35 40 45

50 hydraullc barrier properfies diminish with ex to sall water, particularly sall water having a safl

concentralion about 3 wt.% or greater. For example, a conventional GCL has a flux of aboul 1 x 104
m>im¥s, using lap water. However, salt waler flux through GCL Is known 1o be mugch greater than 1 x
10" mYm¥s, for example fram abou! 1 x 107 m¥m¥s ta asoul 1 x 10 mYim’/s. This exarnple
demanstrales how a reinforced NPC alloy composite subslaniially maintains its low permeabitity an

a5 30 exposure o salt water.

Sample Preparation
Samples 19 and 24 were prepared using the following MCX mixiure {2:1 clay to monomer ralio)

50 applied in the semi-cominuous process described in Example 5:

.26 -
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55 10 Sanples 20 to 23 were prepared using the following MCX m xture (2:1
clay to nononer ratio). which i5 substantially simlar to Sanples 19 and
24 but in a smaller batch size and applied in a batch type process
described bel ow 50.9 g (1.54 wt.% acrylic acid 200.5 9 (6.05 hdNY 10
acrylamde 15 27.55 g (0.83 wt % NaOH 25.8 g (0.78 wt.% Na2CG3 0.81 ¢
(0.02 wt.9% NBAM 6.48 g (0.19 w.9% potassiumpersulfate 500 g (15.09
w.% clay 20 2502 g (75.50 wt.% water Reinforced NPC all oy conposites
were prepared using the MCX mi xtures descri bed above and TERRAFI Xa 270R- A
geotexlile, a non-woven pol ypropyl ene fiber geotexlile. having a thickness
of about 2.0-2.59M#*¥25 For Sanpl es 20-23, a 2 nm FRV¢RIBYs MCX nmixture
was poured onto a 120 nm di aneter piece of the geolextile. A polyethylene
filmcover sheet was plaged, gn .4 QR of, the MCX mi xture and a vacuum
pressure in the range ofy,fromabout. 16 to about 30 kPa was applied to the
sanpl e fromthe opposi ng,,gkAgw@fct he geotexlile. The MCX mi xture was
intimately distributed kn ardionthe geotexlile material by applying the
vacuym The cover sheet ;g qaducedwedtannel ing through the sanple and the MCX
m xture 30 was nore evemdsydd.séhidubedutdhr ough the geotexlile, as conpared
W th a sanpl e prepared vhdshatidewdnagover sheet. The sanpl es were heated
using two 320 Wi nf r ar eebodsamps «(:pheed about 250 nm above the sanple) at a
tenpgrature or about 80C for 10 minutes to polymerize the MCX mi xture.

Sanmpl es 19 ana 24 wemelest qeilwat dreyodp isep@nodein MEIOWSE @ caytoreronea@elum pr ocess was
applied in the 8% semuiadbontiqrauspr oes ssmaidegtyz: pedritdmabaeanpl e 5 and t hen
passed under thewCATAs B¢ eownfrared healer. Sanples were cut into 9.0 cm
di scs using a high speeéddi'Pi**%ieatrter and wei ghed. The results are
presénted in Table 11. Z2PWOERUBSFYIMITE SHEET (RULE 26) 2 0 Nov 2003 WD
00173596 PCT/ £A00/ 0059477517 #%)'28" 25 30 35 40 45 50 Table 11

Sanpl eWei ght Unit Wi ght *Re9A*989%%262. 14 2019. 063. 00 2115. 012. 36
2223.263.66 2319.43 05 Q41870 AE Hydraul i c Conductivity Tests The

hydr?éul i c conductivity [e8bS " WBFE a8 on the ASTM 5897. 95 lest, described
in Exanple 5 § e

2502 g (75.50 wl.%) waler

Reinforced NPC alloy composiles were prepared using Ihe MCX mixiures described above and
30 TERRAFIX® 270R-A geciextile, a non-woven palypropylene fiber geotextile, having a thickness of
about 2,0-2.5 mm.
25 For Sarnples 20-23, a 2 mm thickness MCX mixture was poured onto a 120 mm dismeter piece
of the geotextile. A poiyelhylena film cover sheet was placed on top of the MCX mixture and a vacuum
35 pressure in the range of from about 15 to about 30 kPa was applied lo the sample fram the opposing
side of the geotexlile. The MCX mixture was intimately distribuled in and on the geotextile material by
applying the vacuum. The cover sheel reduced channeling through the sampie and the MCX mixture
30 was more evendy distribuled |hrough the geotextile, as comparad with a sample prepared without a
cover sheet.
The samples were healed using lwo 320 W infrared lamps {placed about 250 mm above the
sample) at a temperature of 2bout 80°C for 10 minules 1o polymerize the MCX mixture.
Samples 19 and 24 were similarly prepared. However, the vacuum process was applied in the
as semi-conlinuous process, described in Example 5 and then passed under Lhe CATA-DYNE ™ infrared
45 neater.
Samples were cu! into 9.0 cm discs using a high speed drill cutter and weighed. The results
are presenled in Table 11
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Flux was tested using two different solutions The first solution was a 35
wt. % NaCl solution. The second solution was an artificial seawater having
the foll owi ng conmposition: 0.46 MNaCl. 0.035 M Myd . 0.028 MySO,. and
0.01 MKCI. The artificial seawater conposition is simlar to qﬁﬁquﬂ
seawat er conposition suggested in Introduction to Geochenistryﬁk . B.
Krauskopf. McGawHi Il. pg. 10 324; 1967). The results of the flux tests
for the 35% NaCl solution and the artificial seawater solution are
presented graphically in Figs. 4 and 5. respectively. As shown in Figure 4,
the 3-5 W % NaCd solution's flux through Sanpl es 19, Zobngl and 22

dr opped dramati c¥®¥9nd rapidly within the first day“of testing. In fact,
the first several hours of test 15 results produced the nost dramatic
decrsease in flux. Accordingly, thereg,gre multiple data points shown near
time zero for these sanples. —#@ﬁ@veﬁaﬁ$hqmﬁ@@@st flux data points near tinme
zero on the y-axis, in unit ‘ ‘ sanpl es 19, 20.21 and 22 are
1 x 106, 6 x 10-0, 4 x 10" ar A T pectively. As a reference
poi nb, the dotted |ine drawn_af2 EnP/ s i ndi cates the | owest fl ux
expected from a conventlonal—Eé%—e%&?Lbaseﬁ?%%ﬁer when exposed to a simlar
sell solution. In fact, 20 manyiconueniionads GCL's are reasonably expected

to have a salt wafer fl ux S|9n|f|cantly greater than 1 x 10'' nB/nR/s.
H;tdraulic Conduycilivity Test

V\hl C’Q I S at | ea e 6r dcénruc:OuI 1esis € based an | S e%pe tm m Ver age Sal t
wat er flux shp for thecor oéfgebsa Vggﬁb gﬁ%éﬁﬁﬁfeﬁgf%n after about 5
days of sail water p%mgéumnglwImeéms%uQ@tTﬁenJ;.go%Lon w1 SRALIEYaiR the salt water
flux performance, DELMEER vl D8k UGB QR omEAIP O SIMMQ BRs @Nd t he
reinforced NPC gld Qs GREPASIT Bch Hu PRlReaSehdl cPobsBin ROmigRd ndbREX pect ed, Wt hout
bei ng bound by t, Q&Mmm%$wﬁémﬁﬁmgﬁhm@ﬂﬂﬁ_iﬁﬁs&ﬁ@mumhqu&uphy5|cochenlca
properties ofotheMRC all oy may provi de sone synergistic interaction
bet ween the cl ay an da@fnermilkeds 4ood A Hc) sod ng F, anid® scehagcasseed nore ful |y
under Exanpl e 7 preseniedorapk@fictoabinys. esecgeynat ural ly hydrated state from date of
manufact ure and t hesebyn aoeownts: % BE sduves o Eors ¢ 2. 2 pi tous flux drop
in the first sewvereadamhiclieg mpsy wigiht fsgoey of wsige. ffect| e g tevegihes o'left not two, order
of  magni t udes i npreverrNre snmdiarRgest ehrsTrtr e rer P WX pEr*or mnce. 30 As
shown in Fig. Sretiderginpessares Bumet e et Mk pastr e 9 A uAl*t's of m/nR/s,
for Banpl es 23 it "’ L=y 3> 1% 284 Ehbuf 213(*‘“105""’ espectively, whi ch
are significant Fyles s HaKe P UM B ' ? ’mfl'"d"‘?te“";"’wgéda ref erence
poi nt, the dott 8FT"HE “AFEWA Car>r=x " ja 0™ RBIPI S | sad&f’”‘” es,.the |owest fl ux
(T ux s;gnlf:can greater than

many.c arm n; IGCLs arg {eas y e ted to have a sall wa
expes(l;t ed f [ Oﬁ% ar bma:ﬂ .fs wﬁu |s 3l legslz un(a%é;‘_ro?r;:f ane are: Ler%gn the ,avgrgglé sa g ‘Q‘OSEd to a
sinmisar salt sof Ut Tha

I’ort m;?s of I% ve%h Ut 5 dal soﬁsgqgtérgxyost]re This g.u&taﬁyBSTI TUTE SHEET
(RULE 26) 55 20 /N .HZ”Q% b, b2 D b e P Berilhiod a0 25 45 30 50 55 WO
001" 73596 PCT/ CANGLAADGL 1 (6. S BANRIA] mduleHde Birb PIRRORSy BT EEN t he
conventi onal 2%;.&9%&%&.&4pﬂﬂécnmgprlpgﬁsJcﬁlnﬁﬁaﬁbpﬁﬁﬁiwm@as;aJrglstﬂy conposite is
bot hwesur pri si NG @R MREXREEEEHswoke Foyhe fhick, R3&RRGnEatae cal@ve. EXAVPLE 7 SEM
and X- Ray Anal y§bSeradi@ nfidlridied3Ge iSEMe gimerlgE aphsoaadndenay anal yses
illustrate that cofekireGleaybusing oboine MPGeallhdu©ys win 8s its Ckve e G ad: theyor@ss 0Ci at ed Wit h
t he pol yner, (2kegelcairckoesn iotmbeeeime dirssoci ated from the NPG al | oy when

45 30 As shown in Fig. 5. the inilial seawater flux results, in units of m¥m/s. for Sampies 23 and 24
are 2 x 10 and about 2 x 107, respectively, which are significantly less than for Samples 19-22. Again,

as @ reference point, the dolled ling drawn at 1 x 107 m’im%s indicates the lowest flux expected from &

convenlional GCL clay based liner when exposed to a similar salt solution. This substantial disparity in
5¢
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the polyner is swollen, f3) NPC alloy is intimately integrated with the
reinforcing agent in the reinforced NPC alloy conposite, and (4) the

rei nforced NPC all oy conposite can contain a significant anmount of

occl uded water retained from manufacture. Mnoner/Cay M xture PREPA0Rti on
An MCX m xture was prepared as shown in Table 12. The clay usee in the MZX
m xture was NATURAL GEL". The nononmer was a 1:4 (w) mxture of acrylic
acid (Aldrich) and acrylanm de (Cytec). Water, NaOH NaHC09, acrylic acid,
acryl am de, NBAM and K2S206 were mixed in a 10-L HOPE pail. The aqueous
solution was mixed well, prior to addition of clay. Cay was added and

m xed again to MOFHPYE honpgeneous MCX mi xture. The MEX'H™ture was vi scous
but fluid before polynerization. Table 12 Corrponent Anmount WAt er 5009. 9

NaO—ES 1 NaHCQS e§eaéﬁrﬂl b)gdcr%\(}-l!:e Oeeorﬂhe8corfe§en nma’f.—.% comnam ion E\,;\‘E e,efnﬁ&%ﬂgz K 570112 8

0 aylooo 8 TOt alallol«g{@p%éev th &l %Mg aFdQne:l(\!pncour € reas ngstagda QVE. Rel nf or Ced NPC
Al | oy Conposite Preparation m xt ure was poured in a thickness of

about 1.5 mMmonto a 0.95 m x 0.80 mEpJMe,_Qe of TERRAFI X. e270R- A geot exti | e,
as agreinforcisng agent. A pol yet hyh 85e.£0¥ek sheet was placed on top of
the MCX mi xture andn@wMasUitiRtesStkey ddlseailange Haf, ~ i @aughout 16 to about
30 kPa was appl ic&dicaﬂy@ssoc’éit@elrﬁﬁﬂa@‘nﬁ(chEyQEQs xuh&oﬁe&g:ﬁ%&ﬁiﬂ I&INSGaQJp\p'.QrSi ng side. The
MCX m Xt ure was e ByhdiBiwak:y2)0PSdidy & Ribldicd Geddc @G AR ngeakext i | € materi al
by applyi ng t he Neand thbosite. Th@) eginiteonre 06, cdvkoXie B XbuH :@nBdfRb@ s@s put under an
i nfrared heatter cahieB@ehanoBramiantt es for pol ynerization The noisture
content of the reinforced NPC all oy conposite was about 75% -29 SUBSTI TUTE
SHEET (RULE 25) "“2@RO=2008 rBratkfnrf5 20 25 30 35 40 45 5 WD 00/ 73596

PCT/ CA00/ 00594 ScanfriMaymifreetrron Mren o eopy BB »Tinex mevraveor ced NPC al | oy
conpbsi te was eXAWRHEER"uTiE Ayes IECE Y INTtHE R s, 2 0SNIGZEERY  Scanni ng

El ectron M cr'dsédfe (SEM Japan El ectron Optics Linited. Japan) at the SEM
Faci lity, Departneft™ 8?”@&@11“’8’?3&? W?’ﬁﬁ@?ﬁ”@”dééif’e"ﬁé&“ "thitversity of

Al berta, Edmont §i-"Al BEFIE: CANETA™ "SIt WL CHrEEIEATBEf or SEM

agaih to farm a ho gedeous

X Th MC vi b} fl )
exar®nati on by p,yme”zapog TRE T Sanpres M a hot gerand I fiver si ng themin

liquid nitroggn't .. about -196 0. Once frozen. the sanples were renoved
from the liquid nltrogen. using pliggs.or a knife. quickly torn or cut, as
i ndi cat ed bel ow, to obtai nmms—s——seef-eﬂm’qgﬁpectl ve of the sanple The
sanpbes were then quickly twansterred tq fhessSEM vacuum chanber, where
they were warmed to -40C t Gngbdt-re—any 2,1 Le crystals. Next. the
sanples 10 were placed in aA_ca:jaagsl_ag_chanher_;g%@er_e a thin laver of gold was
applied to the sanple to i nrgase e
35 K35,0. 12.8

Clay 1000.8 _

Total {g) 6633.02 |

Clay lo Monomer Ratio {w) 2.00 |

Reinforced NPC Alloy Composite Preparation
Y The MCX mixlure was poured in a thickness of about 1.5 mm ontd a 0,95 m x 0.BQ m piece of
25 TERRAFIX®270R-A geotextile, as a reinforcing agen!. A polyelhyiene cover sheet was placed on tap
of the MCX mixiure and a vacuum pressure in 2 range of from abeut 16 1¢ acowt 30 kPa was applied 10
\he sample from the geotextite's opposing side. The MCX mixture was inlimately distributed in and on
45 the geolexiile material by applying the vacuum..
The reinforced MG X mixture sample was put under an infrared heater al B0°C for 8 minutes for

30 polymenization. The moisture contenit of the reinforced NPC alloy composie was about 75%.
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el ectrical conductivity. The sanples were then returned to the SEM vacuum
chanber for exam nation. The sanples were nmaintained at or near liquid
nitrogen tenperature during the gold coaling and subsequent SEM

exami nation This was done so that the structure of the sanple wbONAVAM3
preserved. The sanples contained considerable noisture and thus had to be
mai ntained in a frozen state for the 15 SEMto operate property The sanple
in Figs 8 and 9 was cut with a knife prior to nmounting. Both m crographs
show the cut edges of fibers of the reinforcing agent. Particles seen in
Fig. 9 are fragnents fromthe cutting step in preparing the sanple for SEM
exami nati on. Thewsmmgke in Figs. 10 and 11 was seve¥d**Wth a pair or
pliers. instead of a knife, prior to mounting Fig. 10 shows the fractured
edges of fibers_of the 20 rgin@g&cing agent and ot her fragments produced by

. ectyon Micresco h . H
fracturing. The sgmgﬁgfibtc%w;@ﬁb%mgm@ LSireaBrd Piech FoceBE ndlosBYSSEd 10 Tabl e
13 Di scussi on gI n§g lectron |c!oég(gg(§£ﬂhl§pan! é&cir&%&%d,J%Qﬁ[ léEM fﬂaiﬁ@,r ogr aphS. i
illustrate that JChb Gl @y oD sdNEG k¥ aleS, GRAF GlsYraca25 associ at ed with
the polymer. [2) cl @y, do8S ik RecomR:diss06habak Jmamathe NPC al | oy when
the polynmer is, SWOlk&M ek MogeNRCaodth ho@Y). brse vbbH heMBL &l Wre kidteeghat ed W th the
rei nforcing ageptihdlndDesids Bl OFiC 8oy INRGu Al heByes GONTROSINL &sand (4) the

rei nforced NPC adiQdeoQiiPD&Isie @R RamEd R:dtedhuidly Ghs@Gith & iheERtac@rount  of

occl yded wat er  Lha] ABhef Jo0 RBriTBE b AC:Ltikictny s30e cFaBbie NEBrdshrges|

i - DeScri pti oRObsedpsal b OBbng Erbiba lvie® AnididO XEompanad » weasmod @prepk an per specti ve of
rei nforci ng agem@tcrida cdbbictila Ute saNPUEwed HeOyiynedfOBOHCegrareatel iy @zminfigt assi um

acryl at eSwol | en Tpednydrese tAaSeGr @te@widnirdg@ teofgeie ¢ed the sergrtgaf | nked and

pol ymer i zedst r usbwdvey SEV hreningie Fris e Bdheso peieirugireaie errgd wudee st flout cl ay. No

rei fforci ngi ocCupimed cdpyreeet-atiedsumateers oy Thetas: agetit  "Sanpl e | mer sed
in waler | rehovededsyee8E/pre-treat nent procedures. for 10 m nutes prior
to SEM It i's expeched™ el Saee v & ost'suur um e 1" "aPEyREr™“wou d e | h a
| b ecrylate cOpBeESOPTIOTIHIFL I REMTL " ‘SOBEITTOTE SHEEYT (RULE 25) 55 2
0 NG¥ 2003 5 10 1&g esmriaey Soyismagippion The sameten Flgs, 10209 11 was severed win b

of pliers, instead of a &nife. pricr 1o mounting. Fig. 10 shows the fraciured edges of fibers of the
20  reinforcing agent and other fragmenis produced by fracturing. The SEM micrographs of Figs. 6to 12
are discussed in Table 13

30 Discussion of SEM Micrographs
in summary, the SEM micrographs illustrate that (1) clay in the NPC alloy is chemically
25 associated with the palymer. (2) clay does not become dissociated from the NPC alloy when the
polymer is swollen. {3} NRC alloy is inbmately intagrated wilh the reinforcing agent in the reinforced
35 NPC slloy composite and {4) the reinforced NPG alloy composile can contain a significani amount of
occluded water retained from manufacture.
ao Table 13
C 40 [ Fig-# T Magni- | Description Observalions
| fication !
6 140X Cormparative. Top plan
H perspective of reinforcing agent
i i wilhoul NPC alloy.
| 7 7000X Comparative. Polassium acrylate i Swollen polymer has crater-like open-cell
i cross-linked and palymerized : structure. The ooen cells were previously I
L] ! without clzy. No rewnforcing 1 seeupied by occluded water, which was
! agent. Sample immersed in water | removed by SEM pre-treatment procadures.
: for 10 minutes priof 10 SEM. | tis expecled thal acrylamide/sadium
: ; acrylale copolymer would behave in & i
, i similar mpnnar.
50
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45 50 WQ 00/ 73596 Fi g. wivagni - Description fication 50XRei nforced NPC al | oy
conposite. i Sanple dried fromlnc original 75 | wt.% noisture 10 about 25-
50m . % wi th anbient drying conditions over a 2 week period. The ﬁgmg@g’
shrank around the reinforcing agent fibers The Cbservati ons PCT/ 4
I[llustrates NPC alloy intimately integratec 1 with reinforcing agent. Al so
illustrates thin layer of NPC alloy (right-hand side of m crography '
integrated with NPC alloy jr reinforcing agent; i.e.. not a |lam nate
structure. sg occupied by previously occluded water. 9270x Sane as Fig. 8
No individual clay panicles can be seen in the SEM m!g'[ngmgsrgaphs

il lustrating that®®R& clay particles are chemcal |y as80ciated with pol ymer
in NPC all oy, even at clay to nononer ratio of 2: t. 10500X Rei nforced NPC

al ey conposit S ‘ aner sed in water
for 10 minutes it & Jombormto and substantially occuov r pridr to SEM
Interstitial spdces*n réjﬁfﬁg’iﬁlmﬁ b s lﬁ@ﬁmﬁﬂ o 4 ”fgfn 110 |

I 'lustrates that cllay pami o@@ei&mc@uﬁ:hem B&lol NC Bg e E 'e tlhh polymer in

NPC,al | oy. No free ol ay | L BE A, se Rt ié"éﬁééeaﬁﬁgifﬁid’fcatu ng that the
cl ay does not dissqaci ateT?fe'NUjﬂ'oP\rﬁ;@;s gy | whreh wat er - swol | en, |Swol | en NPC

al 1oy has open-cel | stryGhiEd s stmhae to pol ymer without cliay (Fig. 7).
Al so, the degree ofl occl meﬂbvmﬁvy°i°'§e%ubst antially simlar ito pol yner

wi thout clay (Feg. 1éjx tiegEaFgee | ndi cal kargvdNad p2adeagntewsem at hi gh | oadi ng
does not have a di gpropadrtionately detri Bl arearns Bt dl.a9RC al | oy's

swel I'ing capacijty versus a clay-tree waf E’WmSaWGF"bIeIVF"GJF'VF?EI’ 12Swol | en

polymer fills imgerigiht mﬁmﬁyaomboéﬁwﬁmlrmhmncauoyemme rei nf or ci ng
agent in sane rrannefr as ‘ NR&-noroerrel ey $ s sopimR g mupal ldy in Fig.14.

. priorto SEM. Imarsnhals ACes MYrain [-In}) .
qOen cel | strudtorg«ax TTExE LFe @S used DEvaiksig clay@aﬂ@aﬁ?g Tlem;afbut wi t hout cl ay.
pol ymer without cldy similar to that of Iﬁﬁ:“’mﬂ‘ﬁﬂﬁe’#’& nCwdter for 10

m nut es prl or ito %EM a. 10. indicating ihat lhe clay goes not dissociate

from NPC alloy when water-swolten,

| Swoiten NPC alloy has open-cell struciure,
25 : similar 1o polymer wilhout clay (Fig. 7).

Also. ihe degree of occluded water is
subslantially similar o polymer without clay
{Fig. 7). \herefore indicating thai clay even
3l high loading does not have a
disproportionately detrimantal effect on NPC

30 alioy's swelling capacity versus a clay-free
water absorbing polvmer.

12 650X Comparative. Same Swollen polymer fills inlerstitial spaces in

! monomeri/cross-linking agent rennforcing agent in same manner as NFC
mixiure as used for Fig. 10 alloy in Fig.10. Open-cell structure of
i sample, bul withou! clay. : potymer without elay similar 1o that of the
; : immersed in water for 10 minules  clay-based sample shown in Fig. 10.
35 . prior to SEM. Companison lo Fig. 10 lustrates how the

clay is (a) integraled in the NPC alloy and

: (b) does net have a disoroponionalely

f detrimental eflect on NPC alloy’s swelling

! capacity. i

' 40 . As shown more clearly in the comparison between Fig. 10 {reinforced NPC alloy composite)
and Fig. 7 (swollen palymer without clay) or Fig. 12 (swollen polymer without ctay in reinforcing agent).
the swollen NPC alloy open-cell structure is simitar 10 thal of clay-lree polymers. Accardingly, the clay

5 does not constrain the NPC alloy's waler swelling capacily. In view of Ogawa et al (distussed more
fully in Example 1}, which suggests that clay acts as a cross-linking agent tor making water absorbent

“© polymers, this is a surprising and unexpected resull. Also, in view of ihe cross-linking agent results in
Example 2, whrch illustrale thal 8 cross-linking 2gent concentration as low as about 0.1 wl.% can over
cross-link 3 palymer, thereby substantially reducing its water absorplion capacity. these results are

10 most particularly surprising end unexpecled ot a relatively high clay Lo manomer ratio of 2:1.

50
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day- based sanple shown in F Conparison 10 Fig. 10 illustrates how the clay
is (a) integrated in the NPC alloy and (b) does not have a

di sproportionately detrinental effect on NPC alloy's swelling @qﬂwiﬁma
As shown More clearly in the conparison between Fig. 10 (reinforced NPC
all oy conposite) and Fig. 7 (swollen polyner without clay) or Fig. 12
(swol I en polynmer without clay in reinforcing agent). the Swollen NPC all oy
open-cell structure is simlar to that of clay-free polyners. Accordingly,
the clay 5 does not constrain the NPC alloy's waler swelling capacity In
view of Ogawa et at (discussed nore fully in Exanple 1), which suggests
that day acts as wwress-|inking agent for maki ng wacEesopeor bent

polymers. this is a surprising and unexpected result. Also, in view of the

cross-linking agent results in Exanple 2, which illustrate that a
cross-1linking agent concentration as |ow as about 0.1 wt, % can over
cross-1link a pol yifer'™¥ther eby substantially reduci ng its water absorption

i nalf {mm an area

capacity. these resul" ‘fs””%ft”'é""'i‘@ R Ee 3’??1““‘“&?“5 RS, '#§"and unexpect ed
at a,felativel Y rjjm%h" ‘dl"é”‘jﬁ"’&”‘?’i‘ﬁi‘i'&@?” r“18t" e ”‘ e :i"“'“‘é"bjég‘ﬂ TUTE SHEET
(RULE 26) 55 2 edl Ig oll! gquzli%-le zéonlggdtg\l)emg§nuni( daqzr\‘f%ssgn 5 %35' eVD OOI 73596

PCT/ CA00/ 00594 X-pﬁa;ép 75?[ )an |an( ? E ke(/}g%egold peR wgsulesur of lX%¥atWLEP|)<) anal ySI S
device of the SER[ &f a% 5 1IN Sl b OB ot AL 58 anumburm DR Knd P AL 2

penetﬁr atl on dept D eclra'peoel\!gnsrs‘;lemlehosggx:remm@gml!yé; 2 sy@éanﬁg'}gﬁgg@d at numer ous
sites 5 on the $a0RlBidelaiinG sockrhsmadnddGh b 6his BRI NRCnAbhdMPY@ts t he center of

Fig. 11. Consi st efLdMo,@ho@ROR sl Sen 2R AfS10@PRBA G e SOk nBE Boyis2. 1, 5.5 keV).
silicon (1.74 KeVikmicaRbstihddimnd byd® key), sodium 11.04 keV), nmagnesium (125

keV). and iron (0615. 6.40 keV). The gold peak was a result of the gold
treafhent for the SEM exanination Thewnet ative strengths and positions of
the silicon and al um num peaks i n theg=bDX¥sspectra were consistent with

t hose expected for bent@mileaenayyren b dinogiohsiopgrepitaretresddowed t he 10
presence of sil i @e¥re aigdsusmaygeraipicenprarmmrescom*and i ron. This anal ysis
show® that the NPC alloy is honmpgeneous throughout the sanple, even at the
1 pm | evel. Acclrtiargitysiotdeerogtfay in the NPC alloy is Chemcally

associ ated w th t he PYF e ves 1 ExyaP £5 1B YCrly ™ RI° g1t PR T¥8t s Thi s

exanpl e i |1 ustral@Sot e ofiftnet e tEr v op e RIPCUANMBY ¢ ?TpOSl te is

i messed in wat efoue PR RBETAIPEY ”?\‘i\ﬁf‘l""s‘”'we‘tbh“‘%‘ﬁ’ﬁé?aa?ﬁf"I"ﬁ‘l”’l‘5/ no day
separating from f‘ﬁ‘ég ”°(?8H'P‘B§‘I”T:§g”:§éi;’j‘ff ,§fr4§,?§;9' ':ﬂ?fgmﬁ\l"‘l“b?“fﬂerﬁp”owé'l te 20 An MCX
mxture was prepaf&d “By'erﬁ’kri VT BT ) T m‘é’lx 1500 g water. 36.6

pot assi um hydt OXI de ¥

IXILIre War
§ »(licx mlx:ure?was lglml\‘llggslr Y\@m and on‘he ole ile garlal Wh;thh§t irri ng Af ter

t he ﬁwt aSS| um hy E)p xjure was p enze in |he relnjurm hea |ng in :§S°QDVEQ%IB%§§Jsum car bonat € was
di ssol ved, fol | owed Jwre,@nofg’l“ b ong, s%waslléff 3mge ARl Y, AL GG, 4 83 g potassi um
per sul fate and 500 g water. he monomer m xture was bl ended
with 199.79 gy belhfiielsene b AY pA|Jaeraat|In mlgd, ptendenrs bk gi ve a creany
suspgnsi on. 25 A | ay@dmoheidid) G NeXcoiabh dbadbie WRdsS pridSdd By:tlindBt geerde 2 aN X 2 CM
pi ece of TERRAFI X@ 62 { Q&@mMyurc@e Oile@¥dy bk 8 g waleh&roVXeol¥loatt Uihegastd@s ménNt | mMat el y
di stributed i n ar@aobaidie: geat @rdridre” 2rab.ard radomdgysy Mardoi fbive

embedded inlo the geotextile al 100kPa. So, one of the inventors. weighing aboul BO kg, placed a

a5 pigce of PLEXIGLAS™ on top of the sample and slood on il while recking back and forih. About half of
the manaret/clay mixiure was forced inio the Iabric using this method. No polymerization inttiator or

45

cross-linking agent was acded Lo the monomer/clay mixiure.

The sample was dried (0 an even at 75°C for one hour.
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MCX m xture was polynerized in the reinforcing agent by heating in a 75C
oven for 8 mnutes. This reinforced NPC conposite was | abel ed as Sanple A
inthe clay mgration tests. 30 Conparative Sanple B - No Pol ynerj @w
Initiator, No Crass-linking Agent The nononer/clay m xture formécdn'@t ve
Sampl e B was prepared by mxing 18.7 g acrylic acid, 6.1 g sodium
hydroxi de. 34.9 g clay and 18 g water to forma viscous paste. The paste
was then forced into a 2 cmx 2 cm piece of TERRAFI Xr 270R-A. The
manonericlay m xture could not be enbedded into the geolexlile at 100kPa.
So. one of the inventors. weighing about 80 kg, placed a 35 piece of

PLEXI GLAST" an t &Pt he sanpl e and stood on it whiFfTEArgeki ng back and
forth. About half of the nononer/clay mxture was forced into the fabric

using this method. No pol IXQ‘ENI;IPZiatI on |,nt| tiator or cross-linking agent was
added to the monGHET 76 P m"‘""e"’ e g °’n:§ was dried in an oven at 75C
for one hour. -3 Qgﬂssmkim'lja’igﬁtgg smﬁ UT_T:" 7 8%° THRIE T3 '°\7ﬂ3°@6173596

ydrox Ei52 sodtum camonal and 10004_:;
O

PCT/ CAOO/ 00594 Qg)a{ihe monoré:r mg‘gur asgen ed wilh oU55 benl | cl a oo bpn er Io&veal ator A

rmnqger/ Cl ay m Xgre%y@usm%n lpu DQRQﬂza?D imnakor, was acldedﬁ'oq“e monomer:clagn g m de 20 56 g
acrylic acid, 0.3 (RN n%eﬁ,me¢58§§urewL5’E KleNdo 2801 o, e 5 u%&d' um hydr oxi de.
9.962 g sodi um C%Rt;ggs,@;..eqnea,r;\gev; Q050 0 ML ana on AP GRare 890,06 MOnOMEr mi xture
was bl ended Wi t hydQ0mRRayGuRERE QR h S0l @i b Ru @ of Lo, Rl.ender 10 give a
creapy suspensi on I\Ieh.spg,lpyn@gge,zda;ga,gpmcmgg,amg,ggmy;@s ad ed to the nononer/cl ay
m xture. A | awer of the nonomer/clay m xture was poured onto a 2 cmx 2 c-n

pi ece of TERRAFI ckbparaidé 8:8pifo -Ge@ina@x bibdmer.amwlddey M Xt ure was intimately
distributed in and ofwide sgeot @xitebde@ny FBite@F § wH oy oolaieheo. 1 sla@uONOMEr / Cl ay
m Xture was heatethxiderss auaif(G 10V ey @ kovderyR Budrmevnge roktesr k@ Brk.aw.eésng agent. Thi s
sanpf e was | abel @ehegsm Samsheaica®oi n the clay moralion tests. 20 25 30 35 40
45 10 Conpar ati ve Safpioghepreimpogofgeymede & foganer 2 (MAFX860) Conparative
Sanpl e D was pre%%ﬁ’“éﬂ%?’*?ﬁ’%‘i‘en@e B negpoliggpeacal e ey teiyd taed acid, 1.6 ¢
sodi um hydr oxi dehe 28"y "HEl graity Ter FOrg iy S Fieerpeyacr yl i ¢ aci cd
havi?hg a nol ecul ar wei ght of 2,000. was obtained from Al drich Chenical Co.
15 A layer of tH&™prer F‘H‘éEd”'d’)T“l"@‘bpﬁ‘ﬁT‘f‘E?’ %P xt ure was noured onto a 2 cm X
2 cm piece of TERRAFPIY™ PrHRA G ERYT (82 " THE™ BFEXFBPREWE ol i goner/ cl ay
mxture was inti odrumlg roxade Qﬁ§tvater13d11 dclay T“%{’ﬁﬁ‘“’"" acid, I{a\ﬁ amoleculf:rvvg(g[ht-oi e materi al by

Dwa bi.am ot Ald chCh i |c‘,
hand? The sanpl e WS . i “OV. Conpar ati ve

Ve 1he pre- ,urme Iymen‘(\:{ mnctu 1 Zcmx?crn pleclélgf
Sanpi e B - Pre fopapdalol it o T Qs)d.s.é?? oo (§lbdSysanpl e E vas
prepared by m.xing,&.4L4 m..ggpmﬁm% TR 0P RSV LG, AG 0. 1.44 g sodi um
hydr oxi de, 96 g water and 11.52 g clay. The polyacryllc acid, having a
nol ecul ar wei ghtCO,QJm,,vél&Q,,,QLQOMdms obtained fromAldrich Chemcal Co. A
llayer of the pre-f ofaBmPR YR werkdisYercllb ¥dmbbiafre WRses P ALRAAL 0 & 2 cm Xx 2 cm
pi ece of TERRARuXe 270R-A geolexlile. The mixture was intimtely
distributed imn and ocwotede (GeoiEdkirobs nBbURH Tads) is 2BobiB irgyedyanooden rol | i ng
pi N4 The sanpl e owaanbehe ingdSoum b@aniQLeEreddla pofBiPede Gbmeyi@e Un@ETadhes@onpar at i ve
Conmrer ci al Pr oduttesindahoee 6 aeh dratmrproduGtrs taer &5 cak sorpest ed f or
conparative purG@S‘é@“ﬁw"&bm“@Pﬂaya'W?@P’mi on tests. 30 GUNDSEAL' (GSE Lining
Technol ogy, inc., HFOEPMOIPONTFERASY epsiings) Braroniitey et ayi'peleyel hyl ene
geonenbrane |I¥ 1M RS (119 SR TS & S A b Pog1ey 81 HY ene
geonenbr ane usi r’i@[“ﬁ.‘r‘i'“&&lﬁ'ﬁg?"{’/‘é D”%FF'“&"“I”O%’&THQ”B’T”'% Ib/ft (4.9 kg/nR). The
sanpl e was about m thick A 2. 5 cmx 2.5 cm pi ece of GUNDSEAL5 was

Cla Ml rocedure . .
| abel ed as Conpar at chonigr{;gjsgas macedm Iass VA 1?Mg\l (CFTOO Arlington, |llinois)
|'s g, geosynt hgt G peG f\ébw&uq:?we r‘;gﬂle lhe e 3$5°sodi um bentonil e | ayer
between two | ayers of geol exl whizch are need! e- punched together A 2.5

cm x 2.5 cm piece of BENTC]VAT' C]\l was | abel ed as Conparative Sanple C.
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Clay Mgration Test Procedure Each of the sanples was placed in a glass
bottle. 100 nL deionized wal er at room 50 40 tenperature (about 20C) were
then poured into the bottle. -33 SUBSTI TUTE SHEET (RULE 26) 55 2 0 NOV
2003 5 to 15 20 25 30 35 40 45 50 WD 00173596 PCT/ CA00/ 00594 Thaq bKak 13 was
tell standing w tnout disturbance at roomtenperature. Trio sanple was
observed at 3 hours and 22 hours after addition of water, as described in
Tabl e 14. Sanpl eDescription of Sanpl eCobservations MCX m xture: acrytantde.
sodi um After 3 hours, the sanple had swelled t After 22 hours Pt there was
| f considerabl i , persu ay. e, ng agen acrylale. cross-link

pol yneri zati on i wnptoragsor, and cl ay. sone addi ti onal XKeMP4HRY of the NPC
alloy. The swelled NPC alloy was puffy in appearance. Both the fabric and
claysf th The MCX mi xture was pressed into theNPCi | t par e fabric and
pol ynerized in a faBfPenty F‘ﬁ‘d'?gtg'r‘?ﬁi,“_ﬁ‘é'&”"céﬁi'°‘5"ﬁe'"83_'a‘7'§'f B "8 mi nutes. al | oy.
(see Figs 13A arfef* £s8y > rSuBer st 21"y A& “tFay Separat ed fromthe NPC al | oy
after 22 hours of imersion tine.

Table 14
10 [ Sample Description of Sample Observations
| A MCX mixlure: acryltamide, sodium After 3 hours, the sampile had swelled
i acrylale. cross-linking ageni, persulfate consigerably. After 22 hours, there was
| polymerization initizlor, and clay. some additional swelling of the NPC alloy.
; The swelled NPC alloy was puffy in
! The MCX mixture was pressed into the | appearance. Both the fabrc and cley
15 fabric and polymerized in a labric @ remained as an integral part of tha NPC
75°C for & minutes. alloy. (see Figs. 13A and 13B). Substantially
no clay separated from the NPC afloy atier
22 hours of immersion lime.
(] Comparstive. Monomer/tlay mixture: ! Afler 3 hours. the acrylic acid and sodium
. acrylic acid, NaCOH, water and clay. No acryiale dissolved in the water. Tha clay
" palymerization initialor or cross-linking * had migrated off the tabric and swelled at
20 agen! was used. i the botiom of the 1es1 botle. There was no
change after 22 hours.
The mangmericiay mixture was pressed
. intar & fabric and dried @ 75°C for one
! hour. H
C : Comparative. Monomer/clay mixture: I After 3 hours, the acrylamide and sodium
25 | acrylamide, acrylic acid, NaQH, NBAM acrylate dissoived in the water. The clay
. | {cross-inking agent), waler and clay. No | had migrated off the tabric and dispersed in
polymerizalion initiator was used. Ihe water. There was no change aller 22
hours.
The monomericlay mixiure was pressed
inta a fabric and heated for one hour @
70°C.
30 i} Comparative. A pre-lormed patyacrylic | After 3 hours, the polyacrylic acid dissalved
acid (MW=2000} was mixed with clay in the water. The ciay migratad off the i
and pressed into the fabric. tabric and dispersed in the water. There H
was no change after 22 hours. (see Figs.
14A and 148)
E . Comparalive. A pre-formed polyacrylic After 3 hours, the poryacrylic acid dissolved
15 acid (MW =450.0001) was mixed with clay [ in the water and some clay had migrated off
; and pressed into a fabric. the tabric. After 22 hours, the remaining
} clay had migrated off the fabric and swelled
a1 tha poilom of ihe bottle.
F : Comparative. GUNDSEAL® After 3 hours, the ciay had migrated off the
i packing material and started to swell. After
' i 22 hours, the clay was more swollen,
40 G - Comparative. SENTOMATE DN Afier 3 hours, the ciay had migrated from
. ! belween the two geotextile layers and
: i dispersed into the water. The clay had
' H swelled and setlfed in the bottom of the
: ! . botlle by 22 hours. [see Figs. 15A and 158)

45 Line drawings were prepared frem some of Ihe phatographs taken guring the glay migration
tesis summanzed In Tabie 14.
Sample A was a reinfarced NPC alloy composile. Fig. 13A illustrales Sample A prier lo
immersion in ceionized waler. The NP alloy is in the reinforcing agent 0. Fig. 13B illustrates the

10 sarnple alter 3 nours immersion in deionized water, The swelled NPC alioy 46 had a puffy appearance.

-a4-
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8Conparative. Mnoner/clay m xture: After 3 hours. the acrylic acid and
sodiumacrylic acid, NaOH water and clay. No: acrylale dissolved in the
wat er. The clay polynerization initiator or cross-Iinkinghad nb%b@[ved of f
the fabric and swelled at agent was used.the bottom of the tes

There was no change after 22 hours. The nononer/clay m xture was pressed
into a fabric and dried @7 5C for one hour. CConparative. Mnoner/clay

m xture: After 3 hours, the acrylam de and sodi um acryl eni de, acrylic acid,
NaOH, NBAMacryl al e dissolved in the water, The clay {cross-Ilinking agent),
wat er and clay. Nohad mgrated off the fabric and dispersed in

pol yneri zation i APfYHt%r was used.the water. There WES*W8*¢hange after 22
hours. The rnonomerlclay m xture was pressed into a fabric and heated for
one -hOUI’ 7OC Al rLTR?hr ggyk\Ja%!eurAnRchmcﬁs%r QESRQILCMIQ&JIIML(;WQ ntmgg{rated?’ hOUfS the
pol yacrylic aci dw,, LssRlvig m@,,(:l& was m xed wt ayin the water.
The clay migrated ofd, 1;Ang"a@nampra,ees5§nepqDbrmnqmgmmmgw absic and di spersed
in the water. ThEh& NASnRQy RAANGE AR GE 0o, RQUleSusleSBRarizh §53 14A and 14B
EConpar ati ve- sA Rifnde@bMRebnROLYAEH: Yobyh £ dsBiled BwdtOdl 18 cayleHRgROyacr yti c acid
di ssol ved aci d {MhAF4ABQ 0010k)s ivaS: Rhad. whdsbningd: B3klyvs & enwatrer and sone cl ay
had m grat ed of feeafdmpessed into a fabricthe fabric. After 22 hours, the
remai ni ng clay had mbgrated: @hdaivdiendk abeiconmerd nsaweded adr. Tk satdve oot | om of t he
bott)e. FConpar ates cpeanowBuiNesEsAb i rAfictcegaoed «dponssesend eritpeingdoay2. iadFBm gr at ed of f

t he backi ng ntt etvivads hamcPegtedne " Sirerfz{d weiAfTtegey 4224 higrtf o™ t he cl a was nore
swol | en. GConpar4tici/es. " BERTONRTFs 4 KRpqdgperse npERIFE, ™ 16t eF2age had i gr at ed
from bet ween the““t‘ﬂb“’@féd‘l“ﬁ’kf"i“f“é“?‘é BPeBATP e 8 sefrsder'ded into the water. The
cl ay,had swel | ed anty™8&eYFEY *r9iy é‘”sl‘fﬁf?’é’ifﬁ’ab‘f =g "’%%'i“’t”f%“"“ﬁ 22 hours.
(See FI gs 15A ahﬁodov?[gﬁeesults-deménsuatlg how ihe N@n allo Ign |n1 ﬁ)orlhe campfs"e Inallaltrre Of the

comparative. 5 rn les, clay migrajes irom thelfnixture ndfor lh relno cing agent. Also monnmer and
phot ogr aphs t aken dur §g summarl zed in Table 14,
e—fo ed pol 4 mur rrugra: the r orl:lng agenl Thls |s showrn more £lga

Sarrpl e Awas a quJ orce oy conposite. rig. Ay\mmfsl ustrates Sanpl e
A pr or 10 I mrer SI %re!nfmcegﬁ@‘:gl c;rgtglteWn@lubslan?%lahl?gpésljrla lg%mr'lz& I n the

r e' nfsor CI ng ageru:sler%q{mul Ed‘CgSpec;Lc’;lllguthnllaIU%tciEy@Ju%s ltonﬁe N’l’Qallsya'm:)\@r I@f t er 3 hour S

i mrer si on i n gei QRbs%aApWal &dnoi sbidBhiitel oBBmINRG adhileOMaeAh hadua puf fy

appear ance. -34 2 «HBSE o Well&-cSHERFesdnfl deficor Ghrod R b@r rhdonniddas N O V 2003 5 10S
15 139 20 15 25 20mi3Qs 25

EXAMPLE 9
25 Residual Monomer Content
One concern aboul using acryiamide as a monomar for prepanng an NPG alley is the leaching
35 of any residuzt monomer. The FOA limit for leachatde acrylamide in polyacrylamide is 0.05% (500

ppm. 500 perg) when the polyacrylamide is used in trealment of potable water and for paper and
paperboard for feod contact applications (EPASONX BS/270 July 1985, PBBS- 170824},

30 This example provides residual monomer data for a polymer and an NPC alloy. Generally, the

40 amouni of residual monomer is dependent on initiator cencentration. reaction time, and reaction

temperalure. Far example, residual monomer content generally decreases with increased (emperaiure.

increased reaclion time and increased iniliator concentration.

35  Sample Preparation

45 A rmonomer mixiure was prepared by mixing 20 g acrylic acid, 80 g acrylamide, 10 g sadium
hydroxice, 12 g sodium carbonate, and 0.8 g potassium persuifate in 1000 mi water. The moncmer
mixture was Civided inte 1nree pans and NBAM was added a5 a cross-finking apent 21 0.1%. 0.3% and
0.9%. by weight. respechively. Each of the tnree monomer mixtures was sub-divided into ihwes parts.

50 40 Clay was added t0 some of the mixtures sn an amaunt of about 1:1 monomer ta clay or about 1:2

.35
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35 30 40 35 45 5040 55 WO 00173596 11 PCT/ CA00/ 00591 Substantially no clay
separated fromthe conposite. Also. the swelled NPC alloy 46 was still
integrated with the reinforcing agent 40 Fig. 14A illustrates Cozjﬂ tfﬂ@e
Sanple D prior to inmrersion in deionized water. The pre- forned p Im
clay mxture is in the reinforcing agent 40. Fig. 148 illustrates the
sanple after 3 hours imersion in deionzed water. The pol yner had di ssol ved
in water and the clay 44 mgrated off the reinforcing agent 40 and

di spersed in the water Sone settling of the clay 44 is observed at the
bottom of the bottle. Fig. 15A illustrates Corrparatlve sample G prior to

i mersion in dei ofiY88water. The sanple has clay sandw ched between a
first reinforcing agent 40 and a second reinforcing agent 42. Fig. 15B
illustrates the sampl&.2ktehn .n$ambeu1rn§mdxmgss4 Qlnclaid - ARG ZRAcrat er, The cl ay
44 had m grated {&am.Retdaeal.d he two reinforcing agent |ayers 40. 42 and
di spersed i nto the Wafseyo e Fienshdlx AdhrfeeDaNGELE shsic s 8 podslhed nore densel y
than the clay Of anGRNH@ oathd WBor RRAPIRN. Die 55RO WA rdmbvedrbrgipe oddd anldae results in
Tabl @ 14 and H 0w cod3RBor bodpbiiter B SmplROWe §rkt@t ot @) cdue vaiys.i Nt egral part of the
NPC al l oy. Moreover, the results denonstrate how the NPC alloy is an
integral part ofrdhemeenpesitse. In all of the conparative sanples- clay

m grates fromthe mmetrditue arthe Osnortetives afe@deqth B9 GpmEpI A gt Acyvifitso,  nononer and
pre- #0r med pol ymetenige xt &oen TigiPatresnd: F@rTHdmecopei ST ci ng agent. This is
shown nore clearly ismedresggridadded pymalor olyBrcalie (2 @iviPesrce W P@2 al | oy conposite
remai Ns subst ant fegkr iy atiopmtoppitwaig o @epoS e g afem gneziatebwtd®er at about 20C
Speci fical ly. substsanittalienpdier atd apreseperdeashef spesne e NPC al | oy. Mor eover,
the ,conposite isresgreeredre e brlen Qb st drfteloait Y°v&F firPar“per f or mance in
dei oni zed wat er ¥a™e eﬁ‘i‘beﬁa’feﬂf"é‘“”'ﬁénge of about 1C to about 60C. This
represents a Significant inprovenent B9 the conventional  techni ques.
EXAMPLE 9  Resi dtfaP* onomer COIEEOne conclelfigbsut Aﬁﬁféifhg acryi am de as a
nonoper for preparing an NPC alloy is the |eaching of remy |resi dual

mononer. The FDA limt for | eachabl e acr yI anide in p)lpﬁﬁul amde is 0.05%
(500 ppm 500 pgeg) ffantc Ao e Haod: NA|NBAM d o o it rgat nent of

potabl e water apdifo 2%}§-Aﬂdmmﬁmmw tf omeé&ud CoBtagt appl i cati ons
( EPA/ 6001X- 85/ 2¥7028u 9B&:d. B —Fhi-sTéxanrplegibravi des resi dual
nonofer data for—m—p s 363, ActimiNE G 1 Cengraliy.sei hg anount of

resi dual nononer is dependent on | n| t| at or concentration- reaction tine,

and reaction tenperEETRTEe FEEREIE RSP R REHSHEFC L¥nt ent general |y
decreases with i HErEUSEemet (e PiEPEaseay YT 81°11"e and

| ncrgased | nl tl avfrbl}ugh E&ﬁﬁ%aérhimra%&once(slr tion, ecauseg‘nh rcmalel h| resldua mo, rmnomar m Xt ure was

pr epar ed by m XI ear? lSample 24 did ol polymerize properly US ampe naberr tda

yunwgno?lheSanpegreggLa uals ag ﬁ& r@'m ?unly% rg SOd' um

hydroxide. 12 g ,§SQ§J mgealnm@%@zmegngma ﬁeﬁmgoﬂp&@sﬁ.ﬁm%mnémfate in 1000 n
wat er. The nnnormgon,ymgs;‘g;dga,ammgl vided into three pans and NBAM was added

as -a*cross-|inki ng ﬂg@%ec@dtlhalgoly;e/ﬁauogna;aﬁl paﬂd as eQeanﬁ)anJ)tyere‘lAthgmum res pectl vel y.
Each of the tfarefeHaei @R le Jdlioel dbil Sor MbBs cSkdbingdibyVes k@l aihitbramdbrigeree parts- C ay
was added t o sonRy @fiprilidd@ noldva batho@En Thod 150k sAGVD bl Riche@fcryarldowst smler & nononer to cl ay
or about 1:2 - 35sadBB Ik Tdublks NSHMEE Ine { Fhdhobner BBy, r2pelveiN@ s@0OB08% 105 Y5 10 20 15

45 NBAM, no clay). It is expected thal the residual ronomer contents will be similar for reinforced NPC

alloy composite sampies.
30 This and the octher examples presented herein demonstrales lhe advantages of the reinforced
NPC alloy composite over canventional GCL's used in Hluid barrier apphcations and waler absorbency

50 applications.

« 35 -
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25 30 35 20 40 25 45 30 50 55 WO 00173596 PCT/ CA00/ 00594 nononer to clay,
as shown in Table 15. The MCX m xtures were blended in a food blender to
produce a snooth, honobgeneous nmi xture. Sanples of the nonomer and MCX

m xtures were transferred to plastic beakers and placed in an BOg qmﬁgmhor
one hour for polynerization. The sanples were renoved fromthe ov ﬁ
allowed to cool to roomtenperature. The sanples were dried at 951C for a
coupl e of days. Residual Mnoner Analysis The residual acrylam de nonomner
was anal yzed by EPA Method 8316 entitled Acrylonitrile. Acrytam de and
Acrol ein by H gh Performance Liquid Chromatography (HPLC),' A weighed
sanpl e of dried pebogresr or polyner/clay alloy (1-2 groaeesypl aced in a

pol yet hyl ene beaker with about 200 nL water and all owed to stand overni ght
at rpom tenperature (about 20) overnight. The polymer and NPC all oy
sanpl es swel |l ed and gg§orbeg sone of the water. The renaining water was
decanted from eagh SWOT1ER"po1Y mssﬁr‘ici""ﬁﬁ&'“a’l"f"ﬁg/n“a‘éﬁed” “é‘ﬁﬁ‘l"é/?"éd for

unaers1 d that the rnr] g |ng usirative only and that olher embod of th proci
acryl am de con%gg&wjhgm&g§yw Tes jmlw?wmm rmg;inmegable 15 Leached
W) TWE."y BRI (pgl g ol mer

CUI’I"ID 1eca emp
Nonoger M xt uge OBATRL Gl By AeTal A do &5
2520"a is Acid, 80% Acryl am de, 0 1A)NBANNO Clayl3.1 2620%ﬁcryllc Acid. 80%

Acryl am de, 0.3% NBAMNo C al28 2720%Ac is Acid. 80 % Ac am de, 0.9% NBAM
SN2. Fl ay22 2820%AC is Acid. 80r6 Ac amide. 0.3% NBAML: 1108 2920%Acr i s
Acid, 80% Ac amide, 0.9% NBAML: 17596 3020%Acrylic Acid, 80% Acryl am de.

0. 3% NBAM 11: 290.1 The anmount of |eached acryl am de, |eached by water from
the dried polyner and NPC all oy sanples, was well below the FDA |limt of
500 ppmfor all sanples except one. Sample 29 resulted in a very high

| eached acryl ami de concentration. Because of the inordinately high residual
nondier, it appears that Sanple 29 did not polynerize properly. Thus.
Sanple 29 is an aberrant data point, especially in view of the Sanple 28
result, based also on a 1:1 MCX m xture, but with only 108 ppm residual
acrylam de, and the Sanple 26 result, a clay-free, nonomer. cross-I|inking
ager® mixture, but wth only 128 ppmresidual acrylanide. It was expected
t hat pol ynerization may not proceed as extensively and, therefore, the
anount of |eached acryl anmi de woul d be greater, for sanples containing
clay, especially at higher amounts of «clay. Surprisingly, however, as
showd in Table 15. the anmobunt of |eached acrylam de was simlar for
Sanples 28 and 30 (0.3% NBAM 1:1 and 1:2 nononer to clay, respectively)
and Sanple 26 (0.3% NBAM no clay). It is expected that the residua
nononer contents will be simlar for reinforced NPC alloy conposite
sanpkes. This and the ot her exanples presented herein denonstrates the
advant ages of the reinforced NPC alloy conposite over conventional GCL's
used in fluid barrier applications and water absorbency applications. - 36

© 40
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SUBSTI TUTE SHEET (RULE 26) 20 NOV 2003 WD 00173596 5 PCT/ CAO0/ 00594
Preferred conpositions and processes for practicing the invention nave been
described. It will be understood that the foregoing is illustrative only
and that other enbodi nents of the process for producing a reinforc Nf%ma
al l oy conposite can be enployed wi thout departing fromthe true scope 0

10 5 the invention defined in the followng clains, 15 20 25 30 35 40 45 50
55 -37 SUBSTI TUTE SHEET (RULE 25) 2 0 NOV 2003 5 10 15 20 25 30 35 . 40 45
50 55 WD 00/ 73596 PCT/ CAOO/ 00594 CLAIMS: 1. 5 10 2. 15 3. 204. 5. 25 6.

307. 8. 35 9. A process for producing a reinforced networked pol ynerlcl ay
al | oy conposite, WétpPi sing the steps of: (a) prepdfTnHy*®*mononerl cl ay

m xture by mxing at |east a nononer, clay particles, a cross- |inking
agent. and a mxing.fluid in a vessel; (b) contacting the nononerl clay

m xture and a reinforcing agent; (c) exposing the nononerlclay mxture to a
p0| ymer i zation i nl t IA@rLcQE Im%?aret%g n!lvgxedpogrjnaym:rlcly Zo'n&gle Lohlﬁxsnmponer/ cl ay

m xture in the presggeg of the reinforcing agent so that a

10 5 {a} preparing a monomerfciay mixture by mixing at least a monomer, clay particies, a cross-
linking agent. and 2 mixing fluid in a vessel;
{b) c¢onlaching the monomer/clay mixiure and a reinforcing agent;
(¢} exposing the monamer/clay mixiure ta a palymerization initialor means; and
() polymerizing the manomaericiay mixture in the presence of the reinforcing agent so that a

15
10 reinforced nelworked polymericlay alloy composite is formed.

2. The process of claim 1, wherein the reinforcing agem comprises a substrale having a porous
structure and the contacting step includes distributing the monomer/ciay mixture on and in the
20 substrale, so that a subsiantial portion of the porous struclure is occupied by the monomesiclay

15 mixture,

3. The process of claim 2, wherein the substrate is selected from the group consisting of knitted,
25 woven and non-woven, nalural and synthelic fibers.
20 4. The process of ciaim 3, wherein the synthetic fibers are selected from the group consisting of
polypropyiene, polyesier, polyamide, polyethylene fibers, and combinations tharaof.

30 5. The process of claim 2, further comprising e substantially non-porous Jayer altached to a side
of the subsirate opposite the side on which the monomer/clay mixture is distributed.
25
6. The process of clam 5, wherein the substantially non-porous layer is formad of a polymer
35 selected from the group consisting of HDPE, PVC, VFPE, PP, CSPE, and combinations

thereof.

30 7. The process of claim 2. wherein the monomeri/clay mixture is distributed on and in the porous
substrate by vibration, rolling, scrubbing, spraying, hydraulic inading, pressure, vacuum, and

40
combinations thereof,

B. The process of ciaim 1, wherein the reinforging agent comprises non-aggregaled fibers and the
35 contacting step includes mixing 1he reinlorcing agent into the monomericiay mixture.
45
9. The process of claim 8, wherein lhe monomer/clayffiber mixture is distributed in a mold prior to

polymerizing.

50
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rei nforced networked polynerlclay alloy conposite is forned. The process of
claim1. wherein the reinforcing agent conprises a substrate having a
porous structure and the contacting step includes distributing the
nmononer/clay m xture on and in the substrate, so that a substantmh
portion of the porous structure is occupied by the nmononer/ cl ay %2@3
The process o he substra d fromthe group
consi sti ﬁg of q-'kerPr?ctessao% daym%“e"ﬁerg?l%jh ABHAREE J'%ﬁ Uersa? ec‘ﬁ%}ﬁ""&?ﬁ?"ﬁé’h c fibers.
The process ofongisting ®f DlypighYene] pelveser, WHmﬁBtPP'aetWEbelﬂ@eraa@ sombieetioet] from t he
group consi st inBgoof  pol ypropyl ene, pol yester, polyam de. polyethyl ene

fi bers, and conbi nations thereof. The process of claim2, further

conpri_si ng a substantially non-porous |ayer attached to a side of the
subst Pat é Toppdd RreFesH claimfle R AR £PIYPIIEAtRD AR TENB SHifSiad s thegroup

di stributed. ddneistigotesemeh sotstnme, Blectwimegreticradiaton salbgtaanayélaigthyiesadan por ous

| ayer is formggh,ofo dn BRY ABHhatos€heeded from the group consisting of HDPE,
PVC, VFPE, TPP. CSPE. and conbinations thereof. The process of claim 2.
wherein the nononer/clay mxture is distributed on and in the porous

subst r at é2by Vhebrreressom claimglt] whegein tseeheplstlrabstespr iayelertpd fam direaandup gorsistingi ng,
pressare,. Vacue raand inite@f) t4isdniofd) Sarbdh@iraes, andlRempiaeRIserdt. cl aim 1,
wherein the reinforcing agent conprises non-aggregated fibers and the

cont acti ngr step includes mxing the reinforcing into the nononerl cl ay
ni xt ure. 'The PIOUSEs Bflaig '3 whelein %féereé?q‘f‘at'ﬁ?“fﬁf’rﬁ%é‘?? EIUPP PO RE ure i s
di stributed i of (2 ateli detprselisrof tufite, pisliilerpensafategnd béd@oyBhdBSide T dmnBinkE Fal(sRUL E

]?8%3 2 0 Nov 29@3|trtéch.suﬁiaepd@£uﬁas§r$u uaﬂzogllpaaomﬁfcm/@earz@d.ng s,h.emaefepﬁggreg?t edt

i berg are se cte consi st | pol yester,
ol yafi de. poPGeIRhPika i bEs B tiRenopstiir R ind o Pl Bsiviesths Tre
process of cI al m 1, wherein the polynerization initiator neans is sel ected
from t he 1gr ouphe maesd & tbimg, Bherén BB iking Abid B YEISdEITRS, thedrout consesray e vikier,

radi ation havg,moﬁor%yc@ogggg Ignd c%ﬁém&tﬂﬁé\her@é?om 10 nm and conbi nations

t hereof. 12. The process of claim 11, wherein the chem cal substance is

sel ected fromthe group consisting 10 of free radical initiators,

car b&fi ons, cardboeresan! claims!, whatein e piby preticies are svélioeb parides salpdedfroodess of
claim 12, \Ahegrehprbohmm@ bie@ninaeica@d, sdpbhife] h@dnitd, Sapsiéite Aeiceife filoRBado@, gr oup
consi sting OIIG (oﬁ?e % &%Ité s@?e%é“e v |£|ﬁ’te%¥\d §o'l’r| Inaﬁo%s thlg!egtl'” fite, persulfate and
benzoyl per oxi cfe amioni um sa bisulfite, persulfate and
benzoyl peroxide; (c) 2, 2' -azobi s(2-am di no- propane) 15 di hydrochl ori de;

(d) 2, 2" 18zobits(pteceyenfiopertt amaeicthaclaylartics ere conbraliag tlayrsirtickesewofed frdm.  The
procegs of cl @akQodp cdl’v’ﬂ@fn@bfka&lh\@mrmréfd Ekgpécnllﬁé'rﬁlnérﬁs HfidaBfiteRsls, ERigHR hin&algr oup
consi sting of gani,c e pnd combi nati ons t her eof .

wa

20 15. The prse gétg ‘jajfygorfkqe balfdte a"d ] Snnm’mo'"Fa partl cles are swelling clay
particles selected fromthe gr oup COI’ISI sting of nontnorillonite, saponite,
nontroni te, | apghddess of Bemdewhdréi€the WEioH r8ia ptly temonohecih Ok inic@omaaKMgoni t e,
stevensite, vgrxmeomnlatrgngggqm Ll,tra%ghmofthgqeof 16. The process of claim
1, wherein the clay particles are non-swelling clay particles selected from
25 t group consisting of kaolin mnerals, serpentine mnerals, mca

m ner al s18.chl ohe rrecesd af deignl Iswhergeibe erkipht eatio pfaﬁlaygm'lmch"?é{* tfbemmro%f,claﬁi lica and
conbi nat i ons mnheFeLOh.a rdnde oflthh P6ROSSII0 Houcd:Al M 1, wherein the weight ratio
of clay to nonomer in the nononer/clay mxture is in a range of from about
0.05:1 to about 19:1. 30 18. The process of claim1, wherein the weight

rati o of &l ayT'fE‘o"’?Fﬁf'rsci"rfr’é’?'"ﬁ1 WRSTRN e MBPREEET BasAle follpriee generd @MYz 5 range of from
about 0.5:1 to about 3:1. 19. rTherprgadssoof claim 1, wherein the nononer
has the foll ow ng general forrIuIa| HXI Clz R 35

C—C C—X
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-39 20 NOV 2003 5 105 20. 15 10 21. 20 15 22. 25 23. 20 30 2524. 35 25. 30
40 26. 35 45 27. 5040 55 WO 00/ 73596 PCT/ CA00/ 00594 wherein X is sel ected
fromthe group consisting of OM OR and NRSR. Mis an alkali or als[@adglﬂ@
earth metal ionor NH-. R, R R. R. R and R are independently cted
fromthe group consisting of H CH3, CH2CH3, CH2CH2CH3. CH(CH3)1,
CH2CH2CHrCHI, and CN. and OR is selected fromthe group consisting of OH,
OCH3, OCH2CH3, OCH2CH2CH3, OCH(CH, )2, OCH2CH2CH2CH3. OCH2CH, OH and

| OCH2CH2] nDH, or O to about 10 and nm= 1 to about 10. The process of claim
1. wherein the nononmer is selected fromthe group consisting of acrylic

aci d, acryl am de,wmediPam acryl ate, potassi um acryt atretcappetsfaacryl i ¢ acid,

i sopropyl acryl am de, and conbi nations thereof. The process of claim1.

wherein the cross-1linking agent is selected fromthe gr oup consi sting of
N, 1°4' - met hyl ene bi s“‘aéﬁ“‘ e ‘*dlé"""“f)ﬁ"é“rmb”l“‘“t‘-‘afﬁﬂ‘ofe“r{“He“'sf"é?ﬂé ht hat al dehyde,
al lytnethacrylate, @8NV E‘ea'r']"é”'P%% HCH ¢ C 'e '”° :"C:h’g"'“'fd'g

trimet hyl ot propane t?DTpé%?s mmegrm on:)él.ngof G P f HCH)@ hg.j £ne gl ycol

di gl yci dal ether. t%;:ﬁ,a%’i'f Qgg}ggto QQ,SCH i,moﬁﬂ S m= 1 jo about 10.

tri met hyl ol propanetriacr and inati ons t ereof. A product

produced by the RroGRSS..AGCAH ﬂ&m@gn uteﬂnnémé/.s 006 0 rlhE RSN claims. A
rei nforced netvvorkedcaosaly.me;oljmaaymal,&mB@Qfmgﬁwcemcgmah%m a networ ked
polyper/clay all oy.cwhekhdhetde alloy is a chemcally integrated
conposition ofo polynmer and clay, and the alloy is intimately integrated
with a reinforcing ageddesss@ard hatregn nah@Rinknh@enCCIPeSHt 1@ gbgcobsl®dr Sed 1 N

dei oni zed wat er, at nar-reemperabiaverhin @sdeangerokdyemyaente20' C t 0 about
30C, ,the alloy swelksiewsitdragizostantd akhyoraoe oigy separatdeng from t he
conposi te. The rei nforrat ferwork et poleynerdeheyahlopresmosi te of claim
23, wherein tHe rei nfemei=ree eeljent conpri ses a substrate havi ng a porous
structure. The reinforced networked polynerlclay all oy conposite of claim
24. wherein the BubdfPyt¥ry "V‘r§€f°§ti‘°‘é’6|”gf°f'(‘3?ﬁ°f”l‘?é""’@ﬁ““(’?tﬁﬁ'“scons| sting of

kni t ®ed, woven and non-woven, natural and synt het ic fibers. The reinforced

net wor ked p0| I'TEP | c IJn‘reu-'u’ﬁrcefj Teiwozke%pnl er!clsy alloy conaafsuec m nsm egvurked olgne%clalh t he Synt het ic
. wherein thealioy is a mu:ally mte rated cnmposumn or
fibers are sel ected ?hl

ymér and cla an lh
nie ragt!wq aren arén %so le en ecpm OSYE Q&’L ene, p0| yeSt er,
pol yam de. pol yet hy[g b 8 n ng[pn thal Shhen th p

n emnlzef aler a aten'ipera?’re |nargng rorn u B‘B%a oul %ECQ% alloy The r el nf or Ced

B:f’ \t,\f?:::(gg p0| yrrerl CsweM w@subs(?a)(lla[l? u%?e%gratmglrogl tneg p%in{n V\'her eint he Cl ay

loy is in nma]!

25 24, The reinforced networked polymer/clay alloy composile of claim 23, wherein the rainforcing
sgent comprises a subsirele having & porous structure,
35
25. The reinforced networked polymericlay alloy composite of claim 24, wherein the substrate is
selecled from the group consisting of knitted, woven and non-waven, natural and synthetic

30 fibers.

26. Tha reinforced nelworked polymericlay alloy composile of claim 25, wherein the synthelic fibers
are selected from the group consisting of polypropylena. polyester, polyamide, polyelhyleneg
fibers, and combinations thereo.

a5
95 27. The reinforced nelworked palymer/clay alloy composite of claim 23, wherem Ike clay partictes
in the alloy are swelling clay particles setected from the group consisting of montmorilionite,
saponite, nonlronde, laporile, beidellile, iron-saponite, hectorite, saucenite, stevensite,
vermiculite and combinations lhereel.
50 &0
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inthe alloy are swelling clay particles selected fromthe group consisting
of nontnorillonite, saponite. nontronite. laponite, beidellile,
iron-saponite, hectorite, saucontle, stevensite, vermculite and NOV 2003
conbi nati ons thereof. -40. SUBSTI TUTE SHEET (RULE 20) 2 0 NOV 2003[!5 %8.

105 29. 1530. 10 31. 20 25 15 30 20 3532. 25 40 33. 3034. 45 35. 5035 55 WO
00! 73596 PCT/ CA00/ 00594 The reinforced networked pofynerlclay all oy
conposite of claim 23, wherein the clay particles in the alloy are

non-swel ling clay particles selected fromthe group consisting of kaolin
mnerals. serpentine mnerals, mca mnerals, chlorite mnerals.

sepiolite. pal ygBP¥R¥e, bauxite. silica and conbiNatiOng thereof. The

rei nforced networked polyner/clay alloy conposite of claim23, wherein the

wei ght ratio of . clay to polymBr L0y bbGull Q¥arh R vhelnfe &G Of from about
0.05:1 to abOUt 2i9 ﬁe alilfoyjtr %n-s!;uke%,ﬁgreﬁggnég_ 1€QEQLM g&pcorﬁlglﬁg%%“nlmﬁlrﬁy al l Oy

COITpOSi te Of Cl ai m %%enﬂn%ﬁra@'ni& n';ntl'ﬁ c%l‘e glna-tals.E@Elilegalmskile.deaé(siliga(andpo| erer | nt he
alloy is in a range_Qf.abk@m.@bout 0.5:1 to about 3:1. The reinforced

net wer ked pofynerlclay alloy conposite of claim23. wherein the pol yner of
the alloy is agopakyiRedookay pat-ed aibyRcadid blen aBRerBs weandcd nononmer havi ng
the foll owm ng gener aly w pdyod it @y is i@t douioss:1s@bo@etied from t he group
consisting of OM OR and NRGR Mis an alkali or alkaline earth nmetal ion
or N&,,*. R, R2p RmsellScedbvokangmiRpey eipyeompasiel & perridereteh e st aetr'ed from t he
group consi stirng oOf cdrhe po@hBin he@ROH, range @HPFEPMP CHBe 22CH('CH3) 2, CH2CH2CH2CH3, and
CN, and OR is selected fromthe group consisting of OH OCH3, OCH5CHS,
OCH2CH2CH3, OCH(*CH3 Jrereintere BR3P e oY cOrrie BEPTH Vil " ¢FR) , , .OH . n= 0
to ajout 10 and me trfaeEE = VEO PR BT Py HEI W KEY Bof yrer | ¢l ay
al l oy conmposite of €T m 23, wherein the alloy Is formed by exposure to an
energy source selected fromthe group: Sksting of thermal energy.

el ectromagnetic radiation having d wdvellendith | ess than about 10 nm and
conbjnations thereof. The reinforced TR&d pol yner/clay all oy
conposite of claim23, further coiprising‘a substantial |l y non-porous

| ayer. The resnforced networked polyner/clay alloy conposite of claim 33,
wher ei n t he subst antread {igteicciOfn REHOUGIshay®Y OF' &d e’ @Gedsitr om t he group
consi sting of HDPE. axhenn MR or NUPP, . ESPER angit] ee ndgrenddniverettse trvde t her eof The

rei nfor ced net wor kegwupobiyimei/ ). ercHatHanFrePpoSHERCHT- e 81 1f 23, wherein the
moi sture content iR Fmieged fom mepevrstrsisfine o A 8 GEH26 IR TE, by wei ght .

20 OCH;CH;CH;CH;, OCH;CH,OH and (OCH;CH,)-0OH . n= 0 to about 10 and m= 1 1o about 0.

35 32. The reinforced nelworked polymericiay alioy composite of claim 23, wherein the alloy is formed
by exposure lo an energy source selected from the group consisting of thermal energy,
eleciromagnetic radialion having a wavelangth less than about 1¢ nm and combinations

25 thereof.
33. The reinforced nelworked polymer/clay alloy compasite of claim 23. further comprising 2

substantially non-porous layer.

ao 34, The reinforced networked polymer/clay alloy composite of claim 33, wherein the substaniially
45 non-porous layer is selected from the group consisting of HOPE, PVC. VFPE, PP, CSPE, and

combinations thereof.

35, The reinforced networked polymericlay alloy composite of ctaim 23, wherein the moisture
50 35 content is in 8 renge of from about 25 10 aboul 75% by weight.
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-41 SUBSTI TUTE SHEET (RULE 25) 2 0 NOV 2003 36. The reinforced networked
polynmer/clay alloy conposite of claim 23, wherein the residual nononer
content is less than 200 ppm by wei ght of the polynmer in the aIIo%. 5 37.
The reinforced networked polyner/clay alloy conposite of cl ai m 22,0 NINHG; n,
when placed wunder a zero confining stress, the flux wth deionized water
is less than about 1 x 10-8 nB8fn2/s. 38. The reinforced networked

pol yner/ chay %Aeqmnfsaém%ﬁsgtkgf g@ﬁr;{e}h}r@ﬁmg\e@ﬁg gﬁaﬁgmc%m@nerah @eetdiguainder a
0

zero confining stress, th . . | solution is |ess than
about 1 x 10' 8MOnpEergS ERisiessaen 23hrem Ry ereght o K PPETS PR net wor ked
polymer/clay alloy conposite of claim23 as a fluid barrier in a confining
st 3 esssragge the;rgiﬁwac@eb@mm@d B&ﬁé!@abﬁéﬂ%m%ﬁﬁggf d@%ags.w/_ﬂ@éigmen m@al pl alced
under a zero confining stress arrjer. has a.deionize ar of bux | ess
Fhan anout 1 xora s LoRingg Aisp e Tyg e Bhip S s AR AR S I L
polynmer/clay alloy conposite of claim23 as an absorbent nmaterial used in
a per sonabs.car mhedéikfbrébdEnetworked polymer/clay alloy composite of claim 23, wherein, when placed

under a zero confining stress, the flux with a 3.5 wt.% NaCl solution is less than about 1 x 10°®
10 m/m%s.

39. The use of the reinforced networked polymer/clay alioy compaosite of claim 23 as a fluid barrier
in a confining stress range of from about 0 kPa 1o about 10000 kPa, wherein, when placed
under a zero confining stress, the barrier has a deionized water flux less than about 1 x 107
15 m*/mé/s.

40. The use of lhe reinforced networked polymer/clay alloy composite of claim 23 as an absorbent

material used in a personal care article.

_42.




