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| NTERCALATI ON AGENT FREE COMPOSI TI ONS USEFUL TO MAKE
NANOCOMPCSI TE POLYMERS BACKGROUND OF THE | NVENTI ON The

WO paBaste4d nvention is in the field of nanoconpRGI/U82007/024030

polynmers. More specificall the instant invention is
P 1 he FERF AL A TONAGENT FIE GOMBOSTTONSESEFUL To MAKE

nanoconposite poly f aring such
composi tions. Del amrﬁégtm%?%%id}%@ﬁg%i on

exchangi ng | ayered materials (such as delam nated 2:1
|.ayered silicate clays) can be used as reinforcing
filler in a polynmer system Such polynmer systens are

k R [ " t | t di [
RACRAEGNDIE T RRERIONT W0 hundr ed nanometers.
Nanocqumash i GnRAL¥AR R (RERAE 3 hindie¥Bo SRR s. Mor F;;Fciﬁcally,

P b
mechani cal property characteristics vs. onvent1 ona

thé inkadt ipoentivaris in the fiekkafphpositianoaefip a6 hiake palocompssite polymers
can provide both increased nodul us, |ower density,
apdprethasy of peappring suchrempesiEens. ci ent of t her mal

Fouqnueninald or R SO BRnR T FRE Pl AR e gg getaminated
ok ﬁlaz.%d 'dﬁié@de'cl/a_?@)éaﬁiﬂé%@d@é Rihfeemgailler A@pollyidet §fstem. Such
such as talc. Transm ssion el ectron photon Crographs

polymeasgstemparsiknewpab ynanosompedites” whematileast excdiznegsiny of the filler is
| ayer ed terial filler pically show a di spersion qf
tese HiAO Ve Tugied TaRpetefe NARDCqThReR 6 AT F<Era i pap & ennanced

. ¢ e . ond .
R oy Gl XChRRM A SN SR Foplie
nanocdaipositepalyhmiegivad pepvide tafth derastdmbduos,ddbweddensity, improved
cati on-exchangi ng | ayered material. Ideally the degree
charity dewerroeHigien Of HisTmal expansianang;ip somp istanges ingreagpddmpact

(BRL SLb oA RRLLARASHENANG! Ak | RYELSATBYELRLcing

presen at I on-'exchangi ng

cbeventibnd Ul fekcdueh ks yalelel am nat ed, then the nmechani cal

property inprovenment of the polynmer conposite w || .
usual | y bdramsnbssieresleqtronrphotomigrogeaphs ehaanogpmpesiteiohaaprs having
fil.ler is dispersed in. I r., Cati,on _exchanagin .
sicayer ExshRngta PF S sl Ae BpUARL sl b ARErEIR G ATMASle ayer unie
(CAL &8 ddésHFveYayREs pe? Dhitf 1) th@SatfM-exc Mg pdrb®hhaterial in the
agent” to facilitate delam nation of the cation

pekuoteanuitmg Haweverdit negeneiallly desfedrte achievecahbighdegree of delamination

of B S e He G Bt ol Srcrees ofsulhodelytimation is so
ckRNEVEthat 51'?1? stipfe lgiler%!ﬁﬁp of the cation-exchanging layered material are present.
If the cation-exchanging layered material is not sufficiently delaminated, then the
mechanical property improvement of the polymer composite will usually be no better than if
conventional micron sized filler is dispersed in the polymer.

Cation exchanging layered materials are often treated with an organic cation
(usually an “onium”) as an “intercalation agent” té facilitate delamination of the cation
exchanging layered material before the cation exchanging layered material is blended with a
polymer (see, for’ example United States Patent 5,973,053). However, the use of such
intercalation agents increases the cost of the nanocomposite polymer and can act as a

plasticizer for the polymer and thereby limit the strength, thermal resistance and stability of
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intercal ati on agents increases the cost of the
nanoconposite polyner and can act as a plasticizer for

W p@spedoydrer and thereby linmt the strength, tPEF/82007/024030
resi stance and stability of - i -the nanoconposite
tb@nmpmpo&nemumrbét weuld o an eévqnﬁe trhide naresenIPesita padymer art if

i f .the use of [ tion e

ot rseaLinerali i AR e G e icS Qo PRl Speigtaining o
saf{didit uegte @I BRInAfioI6F @Eﬁtﬁﬁtek%ngfng%y%%d Rkkerial to produce a lower
exchangihg | ayered material to produce "a | ower cost
costmaoocymsisite pplymenbavih@gw better balaetd efrphysicaprepearfy improvements.
physi cal property inprovenents. SUWARY OF THE
I NVENTI ON The instant invention provides a solution to

l\/ﬁzgﬁ OPF ARG ﬂ The instant invention
provides an i ntercal

ation agent free filler
conmposi ti ql’heliﬁﬁziriﬂm\teﬂtlﬁﬁFﬁwﬂleB aRerEbR estheabe@ ytied problem. The
havi ng i ncreased flexural nodulus with no reduction in
instarg kimvegtiomproyides gn mtanslatwroagméfrpfeﬁ&@momposmoo meeful to make a

enbodi nent, .the jnstant inventio met hod f

TBRRARIACHE LIV W ORI U FL RS 3t ok tipn in toughness

of @fé@QﬁSﬁ%ﬂ%nt t8m mgeﬂaﬁi}@f In GiRREAHoI At [thE 1r§ﬁa%?§1v@ﬁtior{ i@} method for
di"spersing a water dispersible filler material in a

prépgring adibiepcomspositiomatseful topreparmaaanompgositopolyfie), comprising the

rep I? (iagﬁ{sat | east a(gortlon f the water . of the

sfepyQ aerawgar‘@aa?r spegiible Atllesmaterial ingaiqujg eupprising water to
t
fgﬁ’ﬁ]g aﬁgﬁﬁfo orprln{ié?ﬁ%ilt' 194# Pbxglghg% El}et\P%ﬁr St tﬁeé Hgﬁlﬁ%ﬂ h an organic

s6ivéft sdfthatlthd wast certentgitivdrfitiodlidqfid ishessfthad dx pbl%biit@by weight to
| ess than two hundred nanoneters upon exam natiaon b%l
f@%ﬁ@rﬁ“&ﬁs compesditéen, thenvierage size op 9t ledst ane émeé@@mo&the\/ ler being less

RO 3R AERES don N RulafTh rieRiniS] B8 Plpigsipoory ofa
réﬁéseﬁfaﬁl@@fr’e% BicdIBAPRBTAR a@peﬂgbﬂaﬁgtema)t he step of:
m xing the filler conposition of the instant invention

Wit h one dn amjh@ epaiogdimaent, the instast inyentpamie atmethedh tompreparing a

S8 i S5 bR

ifVeRtibh {Vlltﬁronefor hﬁ)?es 51 RAer, b &&@W%r H%?Blgmer to

exam nation by tra SSI on el ect on m croscopy
prc&m:ea polyater \zentammy aﬁkhér hahimgpaolayerege siteobatdedseone dimension of the
lilé iment, the insfant invention i s an epoxy resin
fi rs thesh by Bamgred ROREHT P A PXEPENANIOR i SEBHPBEIPR glectron
n made by the steps -
G s S A A

conposi t i Gmadthérienbodithéntthe mseant IngBntich i§ ah Bpety Rp@XYmposition
resin mxture; and (b) renoving nost of the organic
usefilfon gnakmgmntquxbp@;@yomposne polymer, the epoxy resin composition made by

the steps of: (a) mixing an epoxy resin with the filler composition of the instant invention to
form an epoxy resin mixture; and (b) removing most of the organic solvent from the epoxy
resin mixture Fo form the epoxy resin composition.

In yet another embodiment, the instant invention is an epoxy nanocomposite
polymer made by the steps of: (a) mixing an epoxy resin curing agent with the epoxy resin
composition to form an uncured epoxy nanocomposite polymer; and (b) curing the uncured

epoxy nanocomposite polymer to form the epoxy nanocomposite polymer containing filler
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resin mxture to formthe epoxy resin conposition. hi
yet anot her enbodi nent, the instant invention is an

W@ pwrit43sdhoconposi te pol ymer nmade by the st epsPOF/USZ0a)/024030
m Xi ng an epoxy resin curing agent with the e%ox¥
haginigran ayerges siee ehattlepst eradimensine of g fdlsprfless than two hundred
nanoconposite pol yner; . and .(b uring the uncured .
ngawﬁteﬁd}pga gﬁgggaﬁ%n B% Frmxgs(w})n %lg?tmr?xﬁgzr%%g%ofr arcpresentative
sﬁﬁg&%*m@éﬁotx? nBRORosROPSIFBY. Ng fill erhaving an
average size of at l'east one dinension of the filler
of | ess t Hastill anothemumintedimentotire irestant ippenti@x@ @ maaddammposite

by transm ssion el ectron m crgoscopy of  a ) . . )
Hoéﬁlilﬁ‘és@ﬁ@eab){ the stepprpf:emping the fﬁlf% gg;nh%%b%gg |nstant invention with

g0l SO SO ER b BB s pes

coh@Ren®A fillen havitg dohevefagt bi2e of 8B4 bhé Gimedbioh € tHenfllea B less than
invention with one or nore pol yner, polyner conponent,

two hgnéned oanqinelprs [upae exanpinplieideiceansnpssigmaectopmigrascony of a

a filler havin n ayerage size of at |east one
rgprﬁ%aﬂtq%gﬁsgpplpﬁgaﬁq\f “Iof 1 ess than two hundred

nanonet ers upon exam nation by transm ssion el ectron
m croscopy of a representative sanple of the polyner.
HREEDERSKR TRONGDE GHETBRARENGSIGS Fig. 1A is a

transm ssion el ectron m crograph o n epox )
nanodd&pdsistdranaassieg;elrgtran g‘Hﬁ%&@PLiogﬁnS OXYHRNO¢qRRRCsHE made

' Lon:..Fi B | m ssion el ectron
d%&é%o@&%ﬁltlgb %tf ﬁﬂeeE}gépt%ggn %e%ﬁgg’onposi te of Fig. 1A at

hi gh&ig. m@yRiafttansiission efdcgon mitregRph bétierdpsgy Aahocomposite of Fig.
el ectron mcrograph of a prior art epoxy

lhettdighep argnidicationy. 3 shows the X-ray diffraction

b od i 1 gt sih B micPlrant BF a Pl sty aladl¥pposice
showgig Beshdwi @e Mirhy didfidtion patérns bNa-MMTERDAEL 11 0Ad for n-MMT,

for Epoxy/d-MMI, for MMI mixed with em}\ﬁﬁcuri ng agent
fOnsMMA drisd apt 1 @G, fr 2MMT and fariByistige t he

dynam.c-echani cal a i-s scans r a 0 for

oyl 1614 TR AHCTBY SEHRT A RRS o DERADUE M AR SIKEBRYAMMT,
5 ML nBRROH B xy dubifig P&t DIDS bty RR Phidfind SIMRT;Hidhod

for preparing a fi'ller conposition, the filler

conpdig.t5i shows stef dpnatnic-meetpaical anahgsirsonyios Neat gpoky,rfer Epoxy/d-

l\/(fl(\)/lﬂlpz{nldsfjop gpoxy/n—MMT.

DETAILED DESCRIPTION

In one embodiment, the instant invention is a method for preparing a filler
composition, the filler composition useful to prepare a nanocomposite polymer, comprising
the steps of: (a) dispersing a water dispersible filler material in a liquid comprising water to
form a dispersion; (b) replacing at least a portion of the water of the liquid with an organic
solvent so that the water concentration of the liquid is less than six percent by weight to
form the filler composition, the average size of at least one dimension of the filler material
being less than two hundred nanometers upon examination by transmission electron

microscopy of a representative freeze dried sample of the dispersion of step (a). The water

-3 -
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the steps of: (a) dispersing a water dispersible
filler material in a liquid conprising water to forma
waleepas®idn; (b) replacing at | east a porti on BPET/UBM07/024030
water of the liquid with an organic solvent so that
dispersikle fillecmateriak santindwdediigh Aspert igtip partiles gplates,isheetsifibers, and
rcent by weight to formthe filler conposition, . the

oo dimiaretntd earbeiet il e s B Reor
sPRérbldaPin sh%seg Of bmlstcba@pgmengﬂmwhsﬁg&getrﬁé 2ist@Hfle instant

xam nation By transm ssion el ectron m croscopy of a
inegnties énthatomerdioreefeprdfarady hpdrpplalioinargemicedloéd Bit@a composition
of step (zz%. The wat erdi spersible filler material can _
that cpry Be usadgn PEEPAEEE NANEPIBPYSte tPobimss, Ryplispeasing theawater dispersible

' .and i . .medi : ' rédicl :
e 2P L GRPBER e Y b bprsion, e
r&lGh©1d8 of the FBRPRIithQh of S OtV RIS b%An@l6 addrithout limitation
mor phol ogi es. The gist of the instant invention is the
theyetoeths iconcenfratiorpeioh aendibgersibigridisnimatesial aioa water dispersion of the
collpid intq,a conposition that can be_.used to, prepare . |
v&tﬁéﬁ%bﬁﬁtﬂ?)giufremﬁ%ﬁﬁ ,l).eﬂg}craqsgggy.g?%ﬁtgﬁgowde. en a wafer miscible
0\?\%&%’?@&?{'&'{ Ear] bd dRIEd PRIE chAdentted Wk HiGe SHTPEIIS MSterial to form the

ter (and often just water) to form a di spersion,

fillkee sompitian sfgherstanoinvefteonwditreferabiyt, kheamater @moértration of the filler

sol vent. For exanple and without |imtation thereto, .
composifpe s formed s Hirthgaiednced Ryrddingynarerqrgand sqlysnt (which may or

. Cai £t . . . .
oy PERE aft BERE R0 nidfddBl el SBRIERY Pl d i bopoentration
ofieHecfilldFingetrill 8y, 0foflattingpls ahd ®itho@diniegioa deeeto! eentif@gation, to
concentrated water dispersible filler material to form

produce plfiller coraprsisiant haginger wateecaneenteationiredused thereby. A filler

Pr ef e&abi%v. t he wat.er contcentrati n_of %he fill §r tine th
CRERAYLPT NBYINE AT SV PP WETVRIST FANPHEIOP S8 R Brepyred RyirRyating the
ofBYaBo® bR ipfece@iny 8Ettecating Br fRYe BedBX h’i?{ly prRféfed'@le® material is
m scible as the rnitial added organic solvent)

afcatidmownianging bayered tmageriab whefein the catidbn exchasging caplacity of the cation

f | d without limtati th to, . . .
X apERE e Raterid) ip St then THeRty PREENIESARBER Mih B reanic cation
(@8@1— fer&%ﬁﬁ i éﬁﬂaﬁé@%&ﬁ%ci@@f P ¥atidh dxlchdrih g lla%er%'ed material is

oSiti aving an € Wer wat er concentT
essentidlly fceagfaorgahibyatioapeat i ng t he operation of the

precedi ng sentence one or nore times. A highly

P Sl SR E Bl SarPUASLABHERGT . e st o

tl?@@@ﬁ]% Ednstink REnstatal B syRXRR BOAMEIt, RYSHREHTBIRYS, hédtorite,
 eSs than twenty percent exchanged wth an organic
fluatahectofitep sapopite fstavalite, ndnéronée, sancamxte hglmgionde,c@paculite, chlorite,
aof the cation exchangi.ng | ayered. material is. . L
nas%iw&oam IpysERVitss ngflbeaﬁiﬂeg%}tq, eﬁ_?e., ol @yw_gf)%l.lte, sepiolite,
J . * , . . .
RSB oL, SrfBA L e , LISIBellThAL Hosc,
ahaphana| hydfotslyind, petdaaritesedlcity, vdllastomite wadidus@ollbidal borates, silicates,

hectorite,
aluminates, phosphates, sulfates, sulfides and halides, as well as various synthetic sols,

)

colloids, gels and fumes made, for example and without limitation thereto, adding acid to a
sodium silicate or sodium aluminate solution (and mixtures), or adding base to metal salt

solutions, or by hydrolyzing metal alkoxides.
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fluorohectorite, saponite, stevensite, nontronite,
sauconite, glauconite, vermculite, chlorite, mca,
WhyeBosdedr, nuscovi te bi otite, phlogopite, ilPCT/ES2007/024030

talc, pyrophillite, iolite, attapulgite
pal yJheskganic sajegnt hmt;al yiadded & ﬁvérdmpﬁ@loa@fdhfp wmeédlsmrmble filler

di ckit.e acrit l.Loysite, alla dr ot

gy frsalif et e Bl i e e e 2R O AR enatt s R gl of suitable

(}?%fn% Sotvendd i!nlcﬁlﬁte e\ﬁl’th(ﬁft Hmlﬁf’l&? therdih QB 1sCRetorRd! %l?écﬁ§ «ethers, glycol
fides and halides, as well as various synth

esladrs glyends| (glydsl, dlglethyl ethersj, buasedial] bexdnediob eandsepalpether

without |imtation thereto, adding acid to a sodi.um

p@ﬂxarma%SeNome@wpwnaﬂmﬁl mﬁﬂ@/lwqhdp% dipptylonmanide)

(ﬁg}%? q‘ij yr%% ﬁz?}lﬁ(ﬂarqf olgglgrlto'li gﬁ&’oé‘%)gﬁﬁ%g tlge(rﬁoqy \Yater can be removed

fidth meahixyura@&iﬂfé &Qarﬁ@ébldélﬁ BRd SHeQispefsid6r tH@Wﬁfer dispersible filler
dispersible filler material in water is preferably

matental lvh wateir bt amsmtablqmaﬂhbd @thpa@r withows linEsagiop thesetof distillation,
suj table o ents incl Wi thout [imtation
cpﬂtglﬁégagonatfﬂgraﬁ §15 a‘f 4 ap%qatj%| s, ethers, gI ycol

th I gl I di net hyl h
ﬁexggfiﬁqhgqu%gegfﬁbﬁggx C]g gpg\lgge ﬁl&a‘tyﬁlaet ercﬁ)gsex? hated catlon exchanging

TR e PR 68 oo IR P SR AR bl g asrinforing

Rk oA ﬁ@l@in‘ér aRebnil SdchriRdyrhdéraySms aldiinevnCa niicoRPOBURE” when at
fromthe m xture of the organic solvent and the
lepstpra dimsnsion of the dgleminated gafs@psqxaha@gmgl lawedm@@rlalas lgsp than two
e . et hod. su

HRSED o e tabRahy, RHARSoR Sl midtoidiBY bf g ganocomposite

pﬁ)lﬂxﬁér%hd)ﬁi‘a féi‘i/ 8 N@ﬁlﬁ%@ &l eRVEIRRIaAihABd cAfontixs ayered material
above, it is known that del am nated or exfoliate

bzuatamm st angiupig l4yay stacks ofmateon q;dcl;ar(gmg;hngd material. Never-the-

1deI am nat ed 2: Ia(}iered Sili éﬁzdcan be sed as

S5 b P egmpppiaolyRes eraRhve Fehied SRERRe prrBery

cﬁéﬁ%&gﬂﬁlc@rv@rsﬁg QMeﬁﬁongﬂ? g@g@i&@ SForVéQ%B}C)ﬁt such@dhocomposite
efam n

one di nension of t cation exchangi ng
pobyerecammbeide abthi increased niddniustand iirexded dnpm;n murghmss, a
transni ssi on el ectron

ically m a .
caalﬁa@a% gEmeehaginal propeitics that is méwaflm tamq#gasgla coyyggngionally sized
de teri: .
g TG o RSO B U cRifnging
I8pesdiiangend it shoardst afﬁrefsmoﬂl thatl\bsvascdsmll a%&ﬁe, agyi€iller can be used in
nanoconposi te pol yner eneral |y have enhanced

thesioptant ioxentiona@p &wséh%\? 1Hertie water idispergiblasangl wherein at least one
t h
RSB AABF BL: el PO BI S Bl SRR e

modulhg t@fifkdafi6r easafg 1h§m@¥edtrﬂéiéﬂiﬁl’eﬁ1‘éanﬂaféié@bﬂﬁéd St fides and
of mechani cal properties that is not usual obt ai ned

oughaligles; dmeadtSIImaﬁsl(WOQlazédagadilie@nd keWan'thblagd:red Rd silicates (such as
nfééglghgha g{’?ﬁ etlrg:asrr]ﬁ)e%gtwg Oholrrtn?tef chuhtes 1 i?e%aml as and c‘iﬂontes) Cation

exchanging layered materials are often treated with an organic cation (usually an “onium”)
to facilitate delamination of the cation exchanging layered material when it is blended with a
polymer (see, for example United States Patent 5,973,053). Conventionally, the layered
material is “fully exchanged” or “overexchanged”, i.e., the exchangeable cations of the

layered material are essentially fully replaced by onium ions or the exchangeable cations of

- 5 -
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| ayered material it should be understood that, as
di scussed above, any filler can be used in the instant
WO 298it366h as long as the filler is water di spREEBU$A087/024030
and wherein at |east one dinension of the filler . .
thevleyeaagibmatecigkare kssentialty fullyiderdared & onbieions amththetnestenial contains
"catign exchangij | ayered material". mreans. | ayer.ed
addiigRal Ot e RaHEs ShayRPRESOn; 3y BleEcHion AEgtS ioreases the cost
1 S
of BinGRrlRRE LV ACERR MR bt 2003} E0108dl2 b 68 pBRmer and
thegdbyi lithit tHe@rengthlahll @fermal esistancawabilily@f ithiesahocdeapdsita polymer.
exchangi ng | ayered materials are often treated with an
Tong aW@uld%: apadyanse il the napocogiogits polymer gt ifithe weeof such

iR aon ety SR AR S0l vrer “(sge. For exampl e
Uni t g¢le ShtiiraskchiaeR Qﬁp%ijt?@a@@b?ﬁn exXeAENERRY 1aPEr8d éterfal Bescribes the

| ayered material 71's 'y exchanged™ or . _
aBitiyetoarmlhcenaredet of cations {tyracalydhenggealidns sockt asoodivnd, calegum or

S b RSl B Bgpenconse
B o SRR e st R

ekchangd reactioh midianalyrzmpshegrodudtforcthe pidsaite af eadhsof the exchanging
i ncreases the cost of the nanocoe(rH)osite pol ynmer and

iqnse Jhua gemsteichigmetiyof gxchangs ea hecdesemigegron; iolegieyqept basis. It is

d t limt th t I '
ofetatRead yordhs Aatbed Bare b B3 el eyt SRR A2 op
eRhadfe GpANEEwhRRh bREatRHIRMABRIRS! indivik@lay S@ictidtsd and udif\ell
use of Such intercal ation agents could be elim nated.

cdihposttidrison exchange capacity of a cati on exchangi ng

| ayered, material desc)ibes the. ability to l.ace, one
e BPe L Grts FEREAMeG™ HETi5RAn: cPUAS af B 35E nitScarbon
ra?ﬁ’c%ﬂ.uﬂkarﬁﬂk:&hf"(gfg&ﬁc RYSUR ISR deMWfifRo @ RhitflontRéreRf phosphonium,
cations (either inorganic or organic). The cation
assninan g fadywacoxonivanntidazotiamy bactitbidaze iver, amidazolimium, protonated
nmet hods, nost of which performan actual exchan .
ames RTefonated 2BRA Poflety PROfRN tpiRes; JRMORWNS, REifipiymss
¢ ' . . ) .  chi
ol i BRRAL A CRSrardfibdfs, dulloliih st Mol intms,

iddolilms ahxaesvens, bemdoxhhediung, hodiguitadlidimiumy.c Aapgicaigxample of an
| ayered materials have different catjon excha&ge . _
orgapisciatip is ailatanary emmanivp geagownsl efifermulp RaR oKyl , wherein at

structures,and unit cell .conpositions..The +t.er “ . Y
lea trodlgrﬂlfli{l ﬁlr %8ﬂt§mg t%na?r?ip rg%retCﬁ%%n atoms. .”fhe te orgglglc cation

cati at contai ns at l|e

aRB endMYds AGR6tBRAed AflinealhiclEdANTY epRéd, F6:0XANpleald Wiftsout limitation
include, without limtation thereto, phosphoni um

theresorhiyuhe centadt ofi thermation exdhanging ddydredahatemgl with an acid followed by
cgnetgcztio .th%aczaglolil ‘é@hahé?ng ?:fy%lreid%alljtcra?ial F\)?&Elﬁ} gnncgirtggrgc amine to protonate the
amine.

In another embodiment, the instant invention is a method for preparing a
nanocomposite polymer by the steps of: mixing the filler composition of the instant
invention with one or more polymer, polymer component, monomer or prepolymer to
produce a polymer containing a filler having an average size of at least one dimension of the

filler of less than two hundred nanometers upon examination by transmission electron
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am nes, protonated am ne oxi des, protonated betaines,
anmoni uns, pyridiniuns, aniliniuns, pyrroliuns,
WQRESni#uRi unms, pyrazol i unms, quinoliniuns, PCT/US2007/024030
I soqunol i ni uns, indoliunms, oxazoliums, benzoxazoliums, = .
misepsqepYRfd Tepreseniative samplemfdhe pelymen | kor srampleging avitheut limitation

B rlsrate P B ZD P RS feSH, HRhe BcropoSiich canbe

1 . r " 1+ "
A0} 80T DB ) STy s

therelpaded]atiliaed examole oegadicwbiventdnd then ¢uaed rprotheean@poxy

by the contact of the cati on,exc,bangheg | ayer ed .
IRROIMRASItGPPMER (the feamy g Yaidiredy inchidedeyapgratiop of the organic

LN 5 5 RBRAR SISO BRI composin

e. I'n an

dah ®e blmtiad vith AMesItdnARernfoptastie bbigehet BT arPéx@Rider i ird a subsequent
nanoconposite polyner by the steps of: mxing the

se¢tianefor reompiarg mosirpfdhe orgenic aglventtofithe fellaricompasition.one

or nore I r ol r onent . nomer_or . e

or epol ynern aeiptedaiRdEnest H BRGRL iy SRS Sy rgsin composition
&l RE nl?chil?% ?Ellﬁg@ epdx%haRbeotpdsREpSIYRIRE thH &P r&th &mposition made

the filler ess than two hundred nanonetefs upon
byxherstapt ofo r(a)omixingars epoxyiresin viithdhe Hilericompssitipy obtheanstant

PHOLLO [9FF HoAEOSH IS TEME S, W) P W HER SR, 168 the epory
r&din %Yet {?q‘téh{e} ’theet ORy td édlﬁﬂo%{tio‘ﬁp oS E&igqgwﬂ?%%m?gite polymer

m Xxe poxy’resin to forma m xtur

dccdrbiimg t6 eenasthit iAventioh ¢hn Bt miadé By arxing AR Bp&MY resin curing agent with
devol atilized to renove organi c sol vent and then cured
thoaave datcaibas cppoxysinapBRTien o forp anyneired eprxynappgomposite
YR SR T 2081 BB AR i an ey

rlah®8oh@osREpbIpRIeLEShtaihidg filiet h&fing m&%ei o dTableas one dimension of
bl ended with a nolten thernoplastic polyner in an
thefilerdd less ahanrigy ochuadied eguesnetersapon grarhinatiore by transgnissien electron

of the organic solvent of the filler conmpositign. In a

TR eros Ry G HERATVE Shaple A o SanE BRORE B gy
resin conposition useful for making a cured epoxy .
nanoconposiNeEPpyY 1asErcomneae wssd torraepaie Hi§epesy tesigrromposition of

Lt . St. . 1 Xj . r esi i .
RSP REeShin ) TS MRsPBeBhah At e pracie o
tﬁ@;?r@“se%ﬂ irfveRdnh Is@gitdblyTh ¥bmMpSindiKich PdssEREDYE Mb@difal epoxy

solvent fromthe epoxy resin mxture to formthe epoxy

grap per omigswdd, t.e.0m least enerle2repproxgrovaparandlpode.t e pol yner
according to the instant invention can be nade by

m xXi ng an . epoxy .resin, curi. agent with the above L

descr i bed IBEERyer BERSIERSIR Ao d® # Soehieled Qiabhtugted aliphatic,
c§H8NPHABO USRS bl Reterocyclic compound which possesses at least one 1,2-epoxy
group. The polyepoxide compound can be substituted, if desired, with one or more non-
interfering substituents, such as halogen atoms, hydroxy groups, ether radicals, lower alkyls

and the like.

The polyepoxide compounds useful in the present invention are well known
in the art. Illustrative polyepoxide compounds useful in the practice of the present invention

are described in the Handbook of Epoxy Resins by H.E. Lee and K. Neville published in

-7 -
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pol ymer followed by curing the uncured epoxy
nanoconposite polyner to forman epoxy nanoconposite

woiogtes4ontaining filler having an average sP(ZEIUSLfOO'a024030

| east one di nension of the filler of |less than t
1R6'h by MreGrawdmdh dew Yigrgrand thfi Rasent Ofe. 65066168&5111?@"99@??61 herein by
glectron m croscopy of a representative sanple of the
5BRG® nanoconposi te pol ymer. The epoxy resin component
used to prepare the epoxy resin conposition of the
instant i PARRUIRIY dsefuRpO9EpoxRdodfhoundewRich ¥&PBX 1 in the practice
conpound useful in the practice of the present
off thegpreseohiniventsmi arapolyepoxadesthoving thehfolbowpgesesskrmnk:
or nore vicinal epoxy group per nolecule, i.e. at
| east one 1, 2-epoxy group per nolecule. In general,
t he polyepOX|de conpound S a saturated or unsaturated
al i phatic, cycloalip [ﬁﬁ r _heterocyclic
conpound whi ch possegﬂﬁ% at eg§% 9&’1, - epoxy group
The polyepoxide conmpound can be substituted, if

SR AT e T

phg\ggen@grwﬁ SncPfad Jheadefégg vallB&f Pr%hb’?ﬁﬂéés%a&&’éﬂ%@g nds

'nthe present ention are well known in the
art. Illustrative pol yepoxi de corrpounds useful in the
practice dhethexymesisensefulnndet prosentimeentescmapmdlude, fohexample,

tﬁ@%@%& eitebost ﬁma s ?En'd RAY9¢ RlcahelS g 2 ilustation of
0 M i of BEQLAGHRY R ARKR Y e e prsen

iehtibn, Gactudeefor S}@dnplél, thdﬂ dighycidyl ethersalf résoecipsl peapgthol, hydroquinone,
I nvention are}g%lyepOX|des haV|ng the foll ow
1

bispheriok| DIRbERRl A DiISEhERQiAP €| BisérBydrprIphanyDy 1-phenyl ethane),
BURRE bDRtoPk OB &R AT B el Pl RIBLAEn Bota resins,

erocyc and as an av

alk@l sidsefutddrphiend]- ﬁoﬁnlilﬂél’éydb ia@dmsapmﬂol ﬁydrisiaﬁ)eﬁ@awlyaesésﬁfs cresol-
useful in the present invention may Include, for

hmanyhe@zaldﬂefdg repiriscigicy gl epenéadirnephgnolgesing ﬁmypbpgn@mM%

sGRBuBR PHOLi S R ihgaberdl TR o Be S ohay
B 5B RA NG RAERIIQt PHER |0t AdRo(HindiRh thereof

exanple glycid et hers of resorcinol,
cat echol , hydrqu|none bi sphenol , bi sphenol A,

bi sphen ol EAanp]es of Biep¢xddésymhrtactydrynesatul Yn the-pp:tsemtyihvention include

RS Rer pER Ay HOFY L eropiats [Eene Tk jered 1 25 Bisphenol A)
ﬁ@%&{ci% EflePSERbis[ 95! 'H%Jgﬁ%y@ﬁyc{ﬁ@pﬂényl) propane (generally referred to

droxybénzaldehyde resins
agcteasiomodisphistiod A2 aMietuyeboof any two or more polyepoxides can also be used in

the practice of the present invention.

Other diepoxides which can be employed in the pract‘ice of the present
invention include the diglycidyl ethers of dihydric phenols, such as those described in U.S.
Patent Nos. 5,246,751; 5,115,075; 5,089,588; 4,480, 082 and 4, 438,254, all of which are
incorporated herein by reference, or the diglycidyl esters of dicarboxylic acids such as those

described in U. S. Pat. No. 5,171, 820. Other suitable diepoxides include for example, am-
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resins, dicycl opentadi ene-phenol resins,
di cycl opent adi enesubsti tuted phenol resins

wo edosamwshyl bi phenol , tetranethyl -tetrabronobi POES1007/024030

tetranethyltrlbronnbl henol , tetrachloroblsphenol A

dwm‘«ldadyxs@mmyaﬂmnblsm@bbase@memre%n oameﬁ@&lplsdlesown as

IarI seful in the pr
B BCithFna bt e ensutelifs B8R of SRR RelsREh Ghoany
Mlﬁl%ﬂﬁrﬁ'lé dngferred to as bisphenol A) and di gl yci dyl
et her’ of 2g2 bi s( 3, 5-di br ono- 4- hydr oxyphenyl) propane
(generallg‘referred to as tetrabronobi spheno
M xt ures dheapgxutigginpwhisbrean poFpplysd ste pmstias Qf)thB present
resent j,nve

. h «
e ot SRR 36 e B L1 BRER Mt PRl 3 R ftion of

dggisﬁc @{ %éh%fbt of d"'lyﬁﬁifclp%endlwtﬁ%ﬁﬁe pﬁbxgchyslt W}eaaidwmrgfdnc

i ¢ phenol’s, such as those describ U.
pﬁlatomwlthbmchlﬁr&wﬁnﬂ fdlso knowril4s, @e?f‘ﬁ}{resm@’%, 588, 4, 480,
082 and 4, 438, 254, aII of which are incorporated
herein byyref t
FFerd L% oxg Hins u'}@ ﬂose gk@&h 1@%&1?103 ulﬁﬁud§ for example,

di car boxy read escri

tHéadiglybidyl e'ihé'rz &f blgfﬁfbnog\h$ %'- SWliférdiShehoR RIK| }§8iphérdl Laig-

for exanple

ddwdmxgbwonl}dmn%rmm@y hydiequindries B19 hii(4 thardesatyetpoxh fluorene;

AT SR e ot

dQQfH& JY{I Q,neyk,@vll(g@ The epoxy resins which
e enp

can he pr tlce of the pr esent

inventlon also i nclude the so-called "solid epoxy

resi ns" Oélpfame@fubmohéie dompouadst Which o4n b¢ giegdn thelpractice of the
et hers of di hydrj nols th dih heno] s or. by
P’f‘é%f&t“?‘fﬁ’ﬁ"‘a‘? & Caplari g enddes,ia iAokl Sragae casiss o7 a
sdttila avid dnYepb €3 bieh boﬁ’aéafts A% %&mmexﬁs% Iﬂﬁecarbon
use |n th pr esent |nvent|on I nclude, for exanple
rihf éorobxginpla ayillusttatedrtsy thé fdilosvpﬂrggmieralkfomma

sul fonyl di phenol ; 4, 4- oxydi phenol; 4,4'-

di hydr oxybenzophenone; resorcinol ; hydroqui none; 9,9'-

bi s(4- hydroxyphenyl ) fl uornene; " 1 &i hydr oxybi phenyl

or 4, 4'-dihydroxy-a-net Xi- b and the diglycidyl
esters of the dicarboxyli ‘ bnt i oned previously.

O her useful epoxi de conpound h can be used in

the practice of the present invenfi®n are

cycl oal i phatic epoxides. A cycloaliphatic epoxide
whORH R as"é fihed 8 AP i 2L ﬁe‘}ﬂ}eﬁ'aBQvé“ aving an epoxy

oxygen e WO -Vi'ci nal "atons I the carbon ring

for exanple as illustrated by the foll ow ng genera

formul a: The cycloaliphatic epoxide may be a monoepoxide, a diepoxide, a

polyepoxide, or a mixture of those. For example, any of the cycloaliphatic epoxide
described in U.S. Patent No. 3,686,359, incorporated herein by reference, may be used in the
present invention. As an illustration, the cycloaliphatic epoxides that may be used in the
bresent invention include, for example, (3,4-epoxycyclohexyl-methyl)-3,4-epoxy-
cyclohéxane carboxylate, bis-(3,4-epoxycyclohexyl) adipate, vinylcyclohexene monoxide

and mixtures thereof.
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wherein Ris as defined above and n is as defined
above. The cycl oal i phatic epoxide nay be a
worweagsHd de, a di epoxi de, a pol yepoxi de, or aP@i/KB200E024030
of those. For exanple, any of the cycloaliphatic
epoxi de ddsgendsaldtherepbxBresindtagamuniber 8vesB®, M@ ecular weight of less

e LR Prefeabloares e Lo paLoin e fratinless than 8,000 Generaiy,
L f / ' . _
tfg%/ gédgﬁtré:?ﬁﬁgﬁﬁl g:ﬁr)]@flé' gﬁ%@g%négﬂ@gﬁp arré\f‘egaée'?n&gﬁﬂar weight of from

ab3utR200110 4PNt A0MIN6 Xk feratil 1 fropr ahodt 2H0N\abyad 1aNE0ame] more preferably
car boxyl at e, bi s-(3, 4-epoxycycl ohexyl ) adi pat e,
fram gbais 200 heskaye 8.88Roxi de and mi xtures thereof.In
general, the epoxy resin has a nunber average
nol ecul ar [ : : ! e
 Than 10 000 AR eZEautaenr ARG Do NS BB Hom about
1Géne rbdut BN00 Ied mpreptefeesbiynfomsadbul 100rto tabeut#068.e Ak used herein the
i nvention have an average nol ecul ar MEiﬁgt of from

temsuePde eqgrivalenttweaght hreders i G averseg mpleswiarpsight olthe

SR e BB BN R B
Bleeie." B préfered dapokies Msefﬁ!ilqmtlfggﬁ'ﬁienﬂﬂl@eﬁtﬁ)na&’@me eigﬁ)@resins

and nore preferably from about 100 to about 4000.
hazisg ahepexynequinenlent wesght ep rrindaboutyL0talabout 4080 ght "
refers to the average nol ecul ar wei ght of the

pol yepoxi dl%e'H?J)s‘? ?Helf&'r&jl' e\f)ir?Qf gesm’ uﬁteﬁ 70 Fh\eé%'}%%ﬁt iH 2 12)?1 ragé:jthe glycidyl

oxi rane groups present | e nol ecu e pr

paiyefeyy 6f232-bises-HydioxybieyDppeand hdvingeai dverhga mtolédidar weight
epoxy resins having an epoxy equival ent weight of from
bsgmtl abow 348 aad gbeutH90end TmEPGIde e ealent pbRetween about 170

B b i30F s EarecatS ARG b i BN P R ot Bt MR Fgronvpheny
pRdpaf¥ BAAHE al BV @8 BblebEhOWtighes MRBMecaBBlt 3QindRBout 900, an
about 900 and an epoxi de equi val ent wei ght of between

epbrade equialentaverghs of bee@en Bbpudi7l lahg alpous 560,rand cantainikgfrom about

Bl bonb ok aRh Sy et ShEbLTER SER “of between
about 340 and about 900, an epoxi de equi val ent wei ght

of bet weenn gbsuril, thé @panitresibdsitised(h an amduatsttfeon bt 1 wt.% to
from about 0.01%to about 1.0% wei ght or higher of
aBa Qi Wi “abmereciefsrabig fronhalygay & vl %o te pous Bé k. % ard, angss preferably,

RSk g T e 2R Wonfog We P i e Wetght SR o5

wt . % and, nost preferably, fromabout 10 wt.% to about
90 wt.% based on the wei ght of reactants.

In another embodiment, the instant invention is a nanocomposite polymer,
made by the steps of: mixing the filler composition of the instant invention with one or
more polymer, polymer component, monomer or prepolymer to produce a polymer
containing a filler having an average size of at least one dimension of the filler of less than
two hundred nanometers upon examination by transmission electron microscopy of a
representative sample of the polymer. Although not limited thereto, the polymer can be
selected from the group consisting of polyolefin polymers and copolymers, polyamide
polymers and copolymers, polyester polymers and copolymers, polycarbonate polymers and

- 10 -
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I n anot her enbodi nent, the instant invention is a
nanoconposite pol yner, nmade by the steps of: m xing
WO b@sflidcher conposition of the instant inventiPEI/AE1007/024030
one or nore polyner ol ynmer conponent, nononer or
cspelwmegmpoxw @P eopebmysrarstgene RPYMeSE andicopelymers, and
é—l ﬁh verage SI ze of at |east one dinension of
il Fr§P | ess than two hundred nanoneters upon
exam nati qe *éiéoyhf &ﬁ%ﬁbﬁ&b%s@ﬁﬁﬁ@éx@x@n@}&ﬁs@ﬁﬁ OfBVeﬂtfmIﬁe in the
representative sanple of e polymer. Although not
prépardtiod of keatiigs, inkd) eesjutd, ytdhsmea,rmbidlrge,l w@aipeditds amindies, castings,
group consisting of polyolefin polyners and
POBPEs ARgeacansBladtsni de pol ymers and copol yners,
pol yester polyners and copol yners, pol ycarbonate
polyners and - i o -copolyners, epoxy polyners and
BopeiPYyRer s, styrenic polyners and copol yners, and
m xtures thereof. The epoxy resins of the present
i nvergiodmantmonderfitgl (calfedr“PelmmmMé/IT) havirnge gatiop axehangmcapacity of

? f21 00 Na lrdHd BOBioRer Gl hfiaes. Texasis

Eﬁ@&’ H f v%WHﬁnklﬂ o@ém@f‘ttoaﬂ%ddcle ergt‘iilzgﬂé?élér? Orhe

r| stine havi ng a cati on exchange capacity
dﬂsfpeﬁlmﬁq bérﬁﬁﬁ;g(edllfcm thnee ehoNa aB# 400 gfavumtcSﬁlmhegeh IﬂZIe @yoduct (called

)i e iR D Bt RSP baRBEaisd frrae hout and mixed
o%ﬁl?%ﬁ & ﬁ’r&dﬂ%ghesegbrﬁp yﬁérﬁg | $n& ?&Bﬁ({l B#P%glofl e Cftnlﬂiiﬁged for three

hou ravi Form 2 ge e pro

hotslak €00 gravidy' t() for £ felilike Produdt which igt@ikedlwie 400 mL of acetone,
acetone, sonicated for one hour and m xed overnight to
serigtied forong é@@frmlddn@pé py¢rpight tpHwodwcegritird idssperlsmno T he ¢hird

dbsglra]}s{on&ggﬁqlagﬁgq ﬁrgﬁ ﬂggrrsls% 486 Hatvﬁyg(b 4 t %e{l (flke prorHuct (called
“ANMAME whihh GAX&DWHRUOPRE. HUeEtoRE) dsoﬂicéit@@ férisile ModPdnd Rixed
produce a third dispersion. The third di spersion is

oyemight fapredudecy filldrcemphsition ofithe4ns4p0 injeation.y to form a
gel -1i ke product (called "n-MMI") which is mxed with
400 nL of acetone, sonicated for one hour and m xed

ERVAVpLght to produce a filler conposition of the
I nstant 1 nvention. EXAMPLE 2 The filler conposition of

Exanlhe filler sorsositomt dchxarripi(fEUiwﬁohhaéqmmjmeﬁe&ﬂne;(o@&}ﬂesin (DER 332

332 Brand di gl | eth f b h I
&@Wl&%&d&?&ﬁ@ﬁ h?ségpr?%g%gfoﬁ;smlffqoen %}qg Dow ﬁgmlgglséo%pany,

Midland, Michigan) to form an epoxy resin mixture. Most of the acetone is removed from
the epoxy resin mixture by vacuum distillation at 90°C to produce an epoxy resin

composition of the instant invention.

EXAMPLE 3

The epoxy resin composition of Example 2 is mixed with 4,4’-diamino-diphenyl
sulfone (DDS) curing agent (Aldrich Chemical, Milwaukee, Wisconsin), poured into test
bar molds and cured at 180°C for 2 hours followed by a post cure at 220°C for 2 hours to
produce test bars of an epoxy nanocomposite of the instant invention (called “epoxy/n--

MMT”) containing 4.5% by weight of montmorillonite. Figs 1A and 1B show a

- 11 -
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M dl and, M chigan) to forman epoxy resin m xture.
Most of the acetone is renoved fromthe epoxy resin

Woroosu#®4by vacuum distillation at 90C to prodRCEHUS007/024030

epoxy resin conposition of the instant invention.

TEDePILAE V8 tiThemisgion ylecteon miyogrppls pf theepoy mnaeqrnposite jof this

mxed W th 4,4 -di am no-di phenyl sulfone (DDS) curing
(Al drich Chenical, MI|waukee, Wsconsin), poured

|nto test bar nolds and cured at 180C for 2 hours

foll owed by a post cure at 2200C for 2 hours to

CONIPWIA TBA ERAMPDOE 1an epoxy nanoconrposite of the
instant invention %%al led "ep oxi// n-- MMI") containi ngw
4. 5%hppxiessithtDIER 342 Bransk diglyeidy féhermf@ssphm%ﬁnmyge@n m The

vt Coginissh EBrBeRG Myl VST anRRe S - amino-diphenyt sulfone
uR¥E BEdr? ('Aldgg\/@ﬁ%ﬂa‘}/mme'e EwdsdaRgity, pb@eh tntb li&Rbé?l\?rf-iolds and

BraRd-di gl yci dyl ether of bi sphenol epoxy resin from
clited dDd&D%Mdmﬂursdbl’rpWﬂt@'by Mpdstanct, atRROHG fra?)hauss tipretiice test bars

th 4,4 -di a hen ul fone curln ent
O%MAPGP?’@W r?Eaf Culbi) | nqfFQpigiRale AN bred into

test bar nolds and cured at 180C for 2 hours fol | oned
by a post cure at 220C for 2 hours to produce test

GOMP ARABIVERRAMPOE gner  (cal | ed " Neat epoxy) not
contai ning any filler. COVPARATI VE EXAMPLE 2

mont rigrafimesimpellerite hiyying a:eation ﬁx‘é%éﬁea??@’éc%‘bfa‘@ q gne@‘fl 00g (Cloisite

%%{?Bgﬁf o %ﬁgéﬁ' Cgaﬂ#o?gg? (E&ﬁgﬁg,‘;iée?(gé 39 H}SB%B{? o éﬁ% mL of acetone

t@@&hpmlsﬁ@slﬁﬁ b hRnthSHSnSte G a&torBn TR thixd vt dpaxy resin (DER
acetone and then m xed with epoxy resin (DER 332 Brand

332 dirynd diglycislyhetherodf biphened mpbxsewsmyfrmle Jhe Domoaherhigallfoampany,

M dlI d, M chi t
NTRERS Ricai 6 Kigmy angpoppesiapuiie. MOsF ot ahtprs R gaved from
e rr@s‘i"ﬁ HllfﬂJ?&tW\%ch\ﬁ?sQﬂ'l'dﬁbrﬁ ht5§0°t|t@bfdalﬂc@5n %Q)C}ytrékln

pr dute an epoxy ‘resin conposition. The epoXy resin
comppsition.i The epoxyiresiinl compdsitiomiis neikedrvitb 4¢4° whwemypb-diphenyl sulfone

o e O e Sl 5P ot

éx%ggt fl?@ opglﬁroﬁrsffgil!)\g%)ﬁgy b g?ﬁ cBRS 25812 Hoaflo p%du%e test bars
ours to produce test bars an epoxy nanoconposit

of ankp& naapeotypaditddhllkd CepoixsudMMIT Y. coftaliingve. 5% by Wél ght of

montmorillonite. Fig. 2 shows a representative transmission electron micrograph of the

epoxy nanocomposite of this comparative example.

TESTING

X-ray diffraction (XRD) patterns of the polymer samples are recorded using a
Bruker D8 diffractometer with Bragg-Brentano 0-2 geometry (40kV and 40 mA) and a
graphite monochromator. When running XRD on the g-MMT sample and the n-MMT
sample, the samples were covered with Mylar brand X-ray film (from Complex Industries,
Inc. Palm City, Florida) to minimize evaporation of water or acetone respectively from the

samples.

- 12 -
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nmontnorillonite. Fig. 2 shows a representative
transm ssion el ectron m crograph of the epoxy

w2080 e3pdsi t e of this conparative exanple. TEKIT/I&ISB007/024030

X-ray diffraction (XRD) patterns of the polyne
sanpllesnsamssiored eptrimamigsasaepys TEMkwas mstogmed paetJ BEbtJEM Brand

12% RIS OReen . RSt heiftnrhring Celioe Brind Microtome i

| o th fos WeF
S PP 100 L R A R A st

forifEMdtimiagmg. I nc. Palm City, Florida) to mnim ze
evaporation of water or acetone respectively from t he

sanp/ygamicmeshagiebinabisisdDMA) iticopdusdeinsinedmVkS el Brand

S el LSRR o 00 0,56 LR gency of 1

al &itBtaGem Pélﬁtdﬂé 8drdn@en b£FAT Fer%&ploaosmammts@mntam]ﬂkude of 0.05%
section of the polyner sanples at roomtenperature for

WRERhosen dorthe amylysisn Ehavmerianine poinberathy 4ansd ¢uvjs taksen as the glass
conduc%g;fjﬁe % g SA-II Brand i nstrunent (from TA
tpRYHOR, feEpeture ?@‘ﬁ efSPHm ‘120 to 250 C, at a fixed .

f r eqyeiGyal Hodhlidfe AR B118wIHETES Er?ettl‘l’(f(ﬁAST‘M EV@W@&Pusmg an
5C per step. A sinusoidal strain-anplitude of 0.0

Instron BrasEMotlelr 441 h enevhaniyal itesting ineachime iatval baopshiead spl:led k)ﬁ 6.127

tan.d curve is taken as the glass transition
CRdRwcatk uV%teeng*l}e g fopgach m}mer anf the vareeralug is rgperted.

et 156 B Rin{Boae (RN PRI AR HBLRER measured

félloviing te@ﬁﬁxb&@d AR D 30K 5 D6 7R hgaht HThéw bRstidfr¥@uie@hdchanics (LEFM)
are run for each EOl ymer and the average value is

aprpantt using arplastsomBraad degel At lcmeélawahteswmaﬁgne at a crosshead

ATV TIEh shAEHE BebRu0BER S TROBALACHEAML B jevcter

sdw o1l ed BEGPPitigGEe &Ijaaﬁi@ “@m&rlﬂﬁﬁdlmﬁ‘é eWctiled kb Blade to wedge
Br'and I\/de? gglgl mechani cal testing I‘gTB.ChI ne at a g

opm gtaqagraglp e€areqs exprdised tomiakiesureghe starteroarack exhibits a thumbnail

err%%{c i %f-g%;te%tg%:) g tﬁgf;%}wnm h%gic ffqgtlha1+cf ngﬁemmen width
isHeld 9&%6&5‘ ulah89@.6. a70E teRlsaterinFoM el Z}OB}H%? afid 188 Brage value is

crack. Care is exercised to nmake sur he starter
repbsteck exhi bits a thunbnail shape crack front before

testi ng_F'EThe rati et ween the crack Iength .and t he
specilhe %%@W‘%@‘Q‘W@%éﬂ%@ﬁ@wﬁ&ﬁ?@ e sips; apd deggeerof

dﬁ}ge?slgn%[f‘the %ﬁer%lﬁhu&fyo%gﬁgmg%%t ﬁﬁ)l@ffgerzﬁlg % ﬁf@t‘eﬁﬁyieﬁ)ployed to

avoid crystalline ice formation that tends to disrupt the three dimensional network. A small

droplet of the dispersion is withdrawn using a pipette, rod or other suitable device and placed on a
suitable carrier to include a TEM grid, a small SEM sample stub or a copper top hat sandwich. The
carrier composition should have good thermal conduction characteristics and its mass should be
kept to a minimum to optimize freezing rates. Quickly freeze the sample by rapidly immersing it
into an appropriate cryogen like liquid propane, nitrogen slush or spray the top hat sandwich with a
pressurized cryogen to obtain freezing rates of approximately 10,000 °C/sec. The sample is
transferred in liquid nitrogen to a cryotransfer stage for the SEM or TEM or to a freeze drier. For the
sample transfer stage method one may either examine the sample in the frozen hydrated state with
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reported. The TEM anal ysis of freeze dried sanples is
one way to get at the size and degree of dispersion of
WQ He8M43643r in a liquid conprising water. RapiRCT/US2007/024030
freezing is preferably enployed to avoid crystalline
theose fomatt sublimation to enkaneiscontmaskiir Sxnepa detall er qnig mag freeze dry the sample
.di mensi onal network. A small droplet of th | sper.sion
i O PR AT G YoRachab Joest pe pegmPb peed & bvoor
Vi ch@teﬁiﬁh'i?a Me@ha"g@érﬂin%s&iﬁ th8 GilidfiGord of the
gf‘gll1S : tgpglﬁgﬁ%s%EM sanp g stub or a cop%er top hat
fifla dVHafpe comjrdsatian méthsds aeprisdbly wed, shicallydhchueing opmpatitlg at low
t hermal conduction characteristics and iits nass shoul d

5 apesleratipg valtages, the anplisatianioba isrcppdustivemiciaboqating or a jwevacuum mode of

okl v f | i dly i . -
e T S e e A
slush or spray the top hat sandwich with a pressuri zed

cryogen to obtain freezing rates of approximtely
ENPERIMENTAL. DISGASHON e is transferred in |iquid

o Tt T 5 e i P R

tdflaloﬁ1 ?nﬁ@?é’t glcjher exam ne the sanple in the frozen
10 dﬁ% ra SSJ% {ate w ththe use of matrix sublimation to
enhance contrast or expose @aBIH1or one may freeze

dry the sanple in the m croscopevacuum-or—suitable

vacuum chanber. | na&;es(CQﬂ@a{ﬁUéfPer ab{GomRAEYNEed| i NEx4Riple 3)

or three dinensions foExamplelr pgse fofampde &) mi ni oy the\ vt
o

shape and neasuri ng|t h&Nedt epixgi ons epbxy/deMMT |

Char ge conpensation|nethods_ are grefer y usef,

t ypi caITey(nE}lcl udi ng | oper agfﬁ?ﬁg at |l ow a?gél erat|ng 228

vol'tages[ the appli¢atign of @ thHin co&%a&p ve m?t?|97><109
anpl

coating pr &t R vacuum? el of opera@t or a
c &fat [on of__t he @bove, to 4 edd

ce s chafging_in

tpedudsy ppedtdiZlda EXPERINEXTAL D SCUSHROThe 231x10°
fo(R2dwi ng Table T T1Ists the G ass Transjtion ;
Tenper at [ir edt2?8°Gt o] age ONSHP|i dat a fot>tlfe pol yme?-§2%10
tested. TABLE 1 The folTowmng Table 2 Tists the
Fracture Toughness and Fl exural Modul us for the
pol yriefoll@singTablEARlidEs the Frggtur Tolghveess el KRupbMiodulus for the
of n-MMI dried at 1100C, for n-MMI, for g-MMI dried at
pelymests tegtedg- MM and for Pristine MMI. Fig. 4 shows the
15 XRD patterns of Epoxy/n- I\/MTTAﬁ%rgsgpoxy/d- MM, for MMV

~mxed with epoxy curing agent and for Pristine

"MMI. Fig. 5 shows the [Okpagting flor (Odapargtbexy| f
Epoxy/ d- MMI' and for Example 1) Example 2) E%;Tg}&a],
Neat epoxy Epoxy/d-MMT poxy
Kic (MPa'm'?) 0.70+0.03 0.97+0.01 0.79£0.02
Flexural Modulus (GPa) 2.67+0.05 3.07+0.13 3.62+0.19

Fig. 3 shows the XRD patterns of n-MMT dried at 110°C, for n-MMT, for g-MMT
dried at 110°C, for g-MMT and for Pristine MMT. Fig. 4 shows the XRD patterns of
Epoxy/n-MMT, for Epoxy/d-MMT, for MMT mixed with epoxy curing agent DDS and for

20  Pristine MMT. Fig. 5 shows the DMA scans for Neat epoxy, for Epoxy/d-MMT and for
Epoxy/n-MMT.

- 14 -



10

15

20

25

30

Epoxy/n- MMI. Referring now to Fig. 3, the pristine MMl
clay has a inter-gallery spacing peak at about 2Q=7. 8,

W06 r esponds to an interlayer distance OfCTIYS28%7/024030

Wien the exfoliated clay nanoplatelets in water are
col | Referingyow émFig Buthapristine MNEF elay bassa intgr-galpwy spagieg peak at

P Eor e i —
cﬂ?ﬂﬁ%ﬁé{aeﬁnﬂ% %Fé &ile€red %'t’) geRaklabok, Madre Hk%lll RURe4ler present

ucture has ex lated 1 nfo XRD-undet ect abl e

iri theigVMMIBI THeaXRDIpattetnaibservddanmedipely after neﬁmﬁlglanon is pr1nc1pally of
acetone shows a relatively sharp peak at 5.

anAIPRES ?l%ﬂﬁcé?rﬁtlc Tiesesting tha fhedayared StERITR hag ﬁ@oléaéﬂﬂél?ﬂ XRD

oA PSS, SPe BRSO 1 8o o vty

sltxd?'ﬁ p&4N 4t3Pqd7 7R3 ¥ HRID atdern. i€ thdi®@sdthdt@using the solvent exchange
atively large interlayer spacing. After such an

am&odm@lgatmmmésssﬁlrslom st@smlp@ﬁtampunhaf acgtose muflequins are trapped

b d f
il A s S0 b
Flmrhl agi]; xchdlge }oc\é’?sI ®ris E ﬁeféﬁ Uhdt AsdsE6F thb %va%&é&ﬂ"\ﬁ\sﬂ%lave been

Inoder to co rmthis fact, both g-
ramlveﬂ M naIM T r Hewewdtr, il isGtill ahticipéd ot fire fhiag bXREBrace amount of

pattern of dried MMl shows a broad k at a
f%@ﬁntt Wclaa &}’PPE@‘-'?Slg e theMMI olpy eljsrieh klatgggr te|cppfigm this fact, both g-

ﬁ'%aglgl SM%E’? Gl h2 116 hé‘tf%rq4 Hifs. %E?ée N u M\ZE of hf¥d g-MMT

ecause nost ter
SW&@aﬁi pédkd atpositidh bif DG=P6VAEIBA), @Hish laas\lﬁfh‘ghﬁﬁﬁlrger d-spacing
amount of gallery water nolecules still stay within
thahéhata)f éhesprlsnnq Mdslast prabeblyibecanse mest jof theavajerymolecules have
inte a er, di.stance corr?a ed with
1

e3RsH dufmadhe dRANg PTRRAPS %%'yg?laqiglo Osftga ﬁryr'\]\/v'\%?r molecules
st @tagﬂmhﬂﬁﬁﬁ @4yRrsS ﬂﬁ‘é@es%ltﬂ{gqﬁ@ sH glﬂl& laf'éé)‘\mt&layei Jﬁ@taﬂ&ad@mpared

is |ocated at "about 20=7 whi ch i s al nost
\mtlnehs prigineMMiaclapf Aftbethp mrMMhs deni at [ B °C Byr 24 hours, the XRD

PR aBfEs PRV DEfl RYRYeb P lnio Peie L rouL AP Lo (113 A), which

fagﬁi,'o&e RO HmE S that SEEah e NSRS, SBP Bord O}?m aghRWEUE KR D of

ere appears to remain a trace anount wat €r i n
dried/MMI) ingf3t wateetiottentze éh M MTehdve becteremuyed hfterthreXRditional
peak, in conparison with the pristine clay peak. This
C%rrtaegaa%mspmm@s H?VY?VRA\/ﬁheﬁé‘a%Pa?ﬁlisltP rf'gv% atraggapgunt of water,

1191'1 {lxrﬂlklﬁg ) on o %rdf:ﬁ&ﬁ bﬁ/qgesﬁr%y&%ﬁrﬁ SHL Wbéa(?(nm%%panson with the

oganop C nonone

pﬂ@tﬁﬁé"&%’speak’b TaisaRiE ambustedti vadter'if AINET &ia@Btill gdlease M@ ifficulties
be needed in critical applications to further renove

fcmh@ suhsmuq:nmmerwlatmr@d@psfqlwuﬂm ek¢lay insegapaplufic gloagmers or

palEIFE e LBt EheriPn b1 A6 Bk I fusigh fpptications to

further remove water in n-MMT if more optimum exfoliation of clay in the nanocomposite

polymer is to be accomplished. The above XRD analyses suggest that g-MMT is in a nearly
exfoliated state based on XRD and n-MMT is well-intercalated by acetone before the
incorporation of epoxy resin. As will be shown later, this state of intercalation is apparently

beneficial in the preparation of epoxy/clay nanocomposites.
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exfoliated state based on XRD and n-MMT is
wel | -intercal ated by acetone before the incorporation
W@R008ied6y3 resin. As will be shown later, this BCHUE001/024030

intercalation is apparently beneficial in the

pr epdt shoulshbeotiotegihat if éheeﬁy(fﬂm@tMMB apnaplatiets iglagugays ispersion are
t ed .t hat t he exf.ol.i.ated MM, na atI

(B EbeanBripla & VaIT AN IE1E OBk ARG isepodine point much higher

tWeHf @he BB wWEDIRN Qﬁ@@rﬁérﬁc §61'Vé’rﬁ@ém b ﬁIre&@Smﬁe@ Wlﬂh‘ th¥exfoliated MMT

poi nt nuch higher tRan that of water, 'then the organic

cdl nenoplateats inewvater. edcﬁdrwardsxthel waitdrivat he remxdvetli ibgtheatirig\ihie mixture at

clay nanoplatelets in water. Afterwards, the water can

ajempergiveabayy 185Citn gbaieexfoliated MMT Ckﬁytr@ﬁ%?tﬁle{ﬁlé the organic
S%R’%HF ]}i%)l e%%et o get%%r?fugatieo)ﬁtr%d gér 108 3 h|§ ll%\éied for the epreﬁ%ratlon of n-

nanopl-ate rganic 'S cas
MRt ri fugati on-redi spersion step is needed for the
preparation of n- MMI. As described earlier, n-MVT is

mai nlAs descrited epsliengeMIME jis mlatrﬂwwgﬁechbymegonsr@hloum uery small

amgygaoﬁrv%t %Mﬁ@gﬂ%gé}??{ﬁtnll%( 1Rs. After B&N@ﬁﬁwg@% epoxy resin, it can be
h%%@ﬁcﬁﬁﬂl dlﬂne?s‘ég_)fﬁ/ aq}ﬂxghvﬁﬂqﬁie el rHhediBsbA @hﬁﬁ{g and sonication
ring-an

soni ¢ becaus epoxy nononer
betase bpexywhbionser é mikeiblEwith aadtons. Even adieethe I’aeetbﬁe is removed, the
renoved, the cl aﬁ nanopl atel ets can still be uniformy

fyepRlaElats Cag sl \pe ARHORY HSPRFE ipspes 28d Ba i ble AR4Ss Separation

?géstgé:t{; dIt 1331{ortéedstg§t? 13 gg pﬁ\’[T flgu %ﬁatté'ﬁo ! rngg sﬂr}%} S ?%)%5{38 Qeﬂtﬁfugatlon-

r@di@}ie@ﬁon Yo, ihbﬁ tHREP¥YY/A-MMT Will pha3b sgRiraepfidrateond is@émoved.
acetone is renmoved. This finding suggests that in

anjfémdmg) sypgeyia that inedrilerdp pprpeevielbdisrersgrbenpes polymer nanocomposites

SPEAECIRNE b trdthin e lnie R aRB s Piith lsromnMMT

possislebl e. Referring now to Figs 1, 2 and 4, the
nor phol ogi cal features of epoxy/cl ay systerrs are
c h ar Xefaring eawlty F ingD 3aod gkt nidrphoteical deauries oFé;pg)xyétlay systems

G cherssinzed PoRA ot B Theox Rkt thyip RO SEAT g ¢-MMT is

nthe@Q:tﬁ goyg%%%g@%%'cﬂ&dt@ltﬁb a:CMMT b'élg?éékaﬁé Shifted to 26=5.8°,

spaci n Thi's 1 ncrease |nter
cdiradpandiag te amMMT 8layantéAayr A-slpamhg bf ES/EQ\ t”finb mcrmserd interlayer

caused by the intercal ati gn of in
d&sqﬂce&om 6% Lok pelsg i h@nmy GRHse P isrintaplagionpf DDS in

C ghpou nia@tcﬁtg ea}ire%)?u %n?& 8#1 a?teﬁ{gf%/zl%ﬂo g’ltercalated by

Ion as

DIb&in afetcﬁaBOX'MfsanIatddl cohﬁ)@)uﬁ@§l€bv(i§C a peak aCBIEOs( ﬂhe Afhe 20 position
system only a broad and weak hu;}) at about 29=4.5 is
nf

as H@mf eppryk-MBER Inthe ease of theespoxutnfYIMEE systsm, oapypobroad and weak
hump a eﬂ)ou‘%f29—4 5° is shown. This observation of weak diffraction supports the belief

that n-MMT can be intercalated and exfoliated by epoxy resin because of the presence of
acetone inside the interlayer galleries. Due to the presence of a trace amount of water
trapped inside the interlayers, some MMT clay particles may still stay loosely intercalated,
which results in the observed broad and small hump at around 4° of the XRD pattern.
Referring now to Figs 1A and 1B, most MMT clay nanoplatelets are aggregated and

form nano-tactoids, with dimensions of about 20 nm in thickness and about 1000 nm in
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that n-MMI can be intercal ated and exfoliated by epoxy
resin because of the presence of acetone inside the

WO pa08f1kmyer galleries. Due to the presence of BCT/Ua87/024030

amount of water trapped inside the interlayers, sonme
length. Althpugla theihigheaspaetyratée nNIMST igyiot erpdetply exfoliated to individual
i ntercal afed, which results.in the served broad.and
raT e Rl e F e Ao ORGP BB, T gieomplete
R atiGh FagBe bAhsBA By B priRate MM trideAn RANOPN ALLINSIS tR R MMT
aggregat ed and forﬁ1n§%o-tact0|ds, w th di nensions of
ids wiichpeeventd the clompiete anertiab ofibcetdiR@Gnd rpoxy mondrhers. Referring

Al t hough the high aspect ratio n-MMI is not conpl ete,lf\)/
newrteFigtlet Wil bemgted thatdhe NEYIE siaymanenlaticts preyeve more highly

ran [ ed 0 t the epoxy matrix. The
agﬁgg%éj?gsgﬁi%ﬁ%ﬁggéaﬁgg%e caused by the presence
of aReféfifig AFWUSFigB, thdfetire ho SigHiichitali ffetilles G tHeqibiRFy plateau
whi ch prevents the conplete insertion of acetone and

neslokbetwacomeatsspoRe hied epaxy/dadM T o Heimgver2in the casieldf epexy/n-MMT, the
ted that the MM cl Jbangpl atlets are even nore
Yk et mogiieaes o QAR Manthe PR dbra and epoxy/d-MMT,
Tﬁ?sfi tfehdddn ?%ef)p%lgiegu moduful & Guedb Ehd e n@0bf the Mhtively well-
Ifferences 1 nthe rubbery plateau dul I between neat
despersyd adMdMApenpiadtoiddlin thdepoxe manedontpositecafthe afstant invention.

epoxy/ n- MMI, the, rubbery plateau nodulus is about 60% .
hi ghdY cargfhcampasison pt theatoragsgRgduligt vapeysteepragturesyg$ shown in

L T ———
be@eh apsaldMNIT &h%Fs;mﬁ-\Mmarr@mﬁﬁ @sldweteipetdnfres. NHbRENer, as the

i nvention. A careful conparison of the storage nodul i
tesppeyaipiednereasepibe stotage modabisehpigrefiepoxpAnMMI beginstp diverge from

5 Littl
st LR B! Flepa AT a T Bl befoll FReishand geter, and
r&RR% kit h wivehl tBEFenerdt@W risBRUVALTY The abNPHRhomé have been
the tenperature increases, the storage nodul us curve

corfsistglyyobsenvid inbegions exfoligted polymef nanmncompssitesf neat

epoxy..and epoxy/ d- MMI.. . T i fferences becone greater .

one SR B faindhodingd RRT it GRS ArephE PORp I ReRosites,

] T4 : ; :
RS AT, WS Ro BRI RIRAE Ul e o
Tharivew ingDsis tagmbuteth @npart wethe anwaitedreactixdis foiesebeiie insno-functional

used to prepare epoxy nanoconposites, a significant
2N B BAUC MOditiFroandegpioxy MesrBEEmpdih lead todbefasmation of numerous
| | . .
ERRE Kfa P AnP bnpl By nehilak 6 Wl 31 SFouey g S and Tabe
Lithe T pedlgesf oMmhbd iheseadpoRPbydeenty 8 praetioali the edrse. aARo SBOTYUN § peak
nmononmers, which |ead to the formation of numerous =
shkppagpionad &hamangthedhiep epowy ystemd aepabeyt thesemekwhipk signifies that

tl}ehr{e§w§rﬁc%ﬂ¥fact%1$1st?c@%\ﬁlmonlgrt]he[:tlhge'e s%st%‘rrr]lgI a;léaak?)logt the same. It is noted that the

retention of high T, in epoxy/clay nanocomposite is a significant advantage of the
nanocomposite polymers of the instant invention for structural and functional applications.
Referring now to Table 2, the flexural modulus for Epoxy/d-MMT is increased by only
15%. However, the flexural modulus for Epoxy/n-MMT is increased 35% at room
temperature. This increase is significant and is attributed to the higher degree of exfoliation

and dispersion of the MMT in Epoxy/n-MMT relative to Epoxy/d-MMT even though the
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I, the Tg values of the three epoxy systens are
practically the sane. Also, the Tan d peak shapes

W@ er@anddedy anong the three epoxy systens are abOUUS200E024030
sanme, which signifies that the network characteristics

M%T]g; ot &ulbyrexéaliagsdsindipoxuineMMb uThe Mede-dnstical stréss intensity factor

ViieS Qo ERey AN S5 iRk batte Finghated j6 DY Huieler, for the

Egﬁig 0 ks Qhy Hgétﬁrquu%ﬁgf% 15 g%@gfﬁ/sﬂ.@iég?ﬁahQHat ?'Ehe  Deat epoxy.

ral and functi onal errin
Th cheTease of EpoﬁyheMM’(F}(ﬂ aH [the - MM Tsnahoplate ety érd- tMs/H' fulgr exfohated the
i ncreased b nly 15% However, the flexural nodul us

Kig Walgswwlﬁ p¢¢éed techedhe samessthatiof thsongat @mqwr Blepresence of

PP PRGBS RRE a3 fafon. o,
th@sxﬁﬂpmfaasévw mfbaaﬁés\ﬂfer Epo:Ehaxmid-aMVExR¥en. t hough

theMMI is not f exfol1ated in Epoxy/n-MMI. The
Mode-Qf partuqularaigmﬁqaasg this diselosury demonsgratasahatais fpossible to

Epoxy/ d- w the Kic v Iue s i.ncreased 39%
S@@%ﬁy s e rﬁfﬁ& ¥ BYHNE thednteroataling geent-free
f
a Bfé))%gl?ﬁll%aeﬂtt el?elcr:c’gg 2@1% %%% rﬁﬂ?@eﬁh%ﬁ% a(ﬁ utﬁlggarg}?%ﬁmswe and
sometipleatoxicg beganeylali¢ surbfee imddifjersXf vlekpdotsd], thitshykical properties, such

val ues woul d be expected to be the sane as that of the
andapnd fsayal S‘iﬂ"?éh%%féb%ﬁ%lylé‘ﬁf PHIREPHEONe$3n ppretained. Most

R MY chle 2Rk 0 e D BBt B Bigby g sy be ereaty

rédiiceERRKYcOmMYMItratice SNt 8chle E¥nshket prodh@s a%phcatlons
significance, this disclosure denonstrates t it

possible to significantly enhance the nodul us of

pol yners by using the i m&b%é]ﬁﬁ agent -free

approach presented herein S new approach
does [Reénciisidd, ZShamy b%’f@ﬁﬂ§'a)6§arelﬁrlﬁat%ﬁﬂgﬁgﬂﬁ§ 11{v9?§ﬂ1&1 has been
organophilic surface nodifiers, it is expected

dp$oybied abovprm; patianegith s ptef@'sedr@nlmuldneﬂte ninshlou kit wmidets;ood that the

of the Ter  nano site. can bhe retai ned. Mst
AT ARLPY S ok B TR i g nEaded Breopiratilienives,
nﬂﬂlﬁ&ﬁﬁn.@@rﬂf@m%# tﬁ§t A cARIed Qﬁﬁﬁﬂ the's ngdécoq%@i[ﬁg%ntlon as defined
becone attractive |'ar ge- scal e consuner prod

bapipd fotlatvingdaim@ONCLUSI ON | n concl usion, it should be
readi |y apparent that although the i nvention has been
descri bed above in relation with its preferred

enbodi nents, it should be understood that the instant
invention is not limted thereby but is intended to
cover all alternatives, nodifications and equival ents
that are included within the scope of the invention as
defined by the followi ng clains. WHAT IS CLAI MED | S:
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1. Anethod for preparing a filler conposition, the

filler conposition useful to prepare a nanoconposite
WQoIgHEIe43 conpri sing the steps of: (a) di spersPeU&2007/024030

water dispersible filler material in a liquid

WHMISsCh@IMEDeIIS to forma di spersion; (b) repl aci ng

at | east port he wat er ﬁlfl the '

h an "
organi ¢ solven tl}oﬁzﬁ“ PR % e&&ﬂg’@ﬂflﬁg? B?%B?r Offposition
l Ly .
4 e 35y R g o APl 1! 6] i e
dispemitd¢ filerahatetial ihialligaid comtperisirg wter togoine 8 slisphaiont () replacing at
hundr ed nanoneters ugé)n examni nation by transn ssion

leask porgan Af thegeaterf the liguid sithanarganic slvent s that e veter
é%& rgtio oA vé}tﬁg 118 %i?g Le%%/\g{an (s’f‘x tgc%@%é %'F gﬁ #ﬁﬁn%t{ﬁ cgfnposition

theSavdragelsize ra)f@mbs"e RdRk aﬁnér@mradhdrﬂn@rmaaénmgfn i1€bs ik two hundred

cation exchangi ng capacity of the cation exchangi ng
nhaymeters upan examinatien by:transihission elestton misrasepny ebeciepregrmative

W|tha r tion. 3.. The nethod of Claim 2,

25 T DS P sBRERaRG PR Wayer ed nator tal |5
sel ected Hrom e QAP £ERHh §t¢vﬂ&eﬁﬁfthﬁ%f& &lspOsible filler material
synthetic bentonite, nontnorillonite ectorlFe,

if 4 cniontea changirtgdayesepmatetia] whéreinehe cdtion enolrngong dapacity of the cation
sauconl te, glaucaonite, vermculite, chlori tqff m ca,
|W|1

exghanging dayered matsuiakia Iesp fhgnitventy prIcsRfsprhanged pithiag organic cation.
talc, pyr gphl e etﬁ&{%f%lafrﬁQ @L%r@ﬂL{hgkgtFop.exchangmg layered

palygorsklte bert serpent i ne

nélitéridl isseldeaedrfroe ¢he”g&bh1w@1stsang af haaplabaiesynthHetio Bontbiiee,
hydrotal cite, pyroaurite, calcite, wollastonite and

mﬁnkmgmlé@llwhbwémte ﬂluorqimtqm% [50RPTOE, m‘@nﬁm nopfiseIlte; spuconite,
e filler, nateri al

el Fh e r%tném} b entt, B, bfReopite, e, tale,

p?ﬁ?hﬂl"ﬁ' RPidIROAkth 1% pﬁifi@o&@ﬁé %Bnﬁéﬁﬁ@@&'peﬂldeakﬁﬂﬁhﬂe dickite,
erial is essentiall Fee of organic cation. 5.

nagitbdulloysitg] aliophdne, mmlenogohtet Ineiretalciterpyecanhites galnige, wollastomte and
l.a ereg material is selected fromthe group consisting
mjx &% or synthetic bentonite, nontnorillonite,

hectoritey fluqgiaReahof 6ﬁ@laxn§ PR thél%vﬁféf Btﬁgérgi’ble filler material

nontronite, sauconite, glauconite, vermcu

ichtation teechatiging, layeyett matecial wlnremahd: tationlek cliangimg capacity of the cation
phlogopite, illite, talc, pyrophillite, sepiolite,

exthapging daveesd IB%tF%IdF §$@F@t@11wfae.etqﬂ OBIANKEtIGRY pent i ne,

kool 65 kRS B b BN e
nyadriaf it seleicted fﬁﬁhﬁit}m gebul €ssistifg 6Phatural or synthetic bentonite,
montmorillonite, hectorite, fluorohectorite, saponite, stevensite, nontronite, sauconite,
glauconite, vermiculite, chlorite, mica, hydromica, muscovite, biotite, phlogopite, illite, talc,
pyrophillite, sepiolite, attapulgite, palygorskite, berthierine, serpentine, kaolinite, dickite,
nacrite, halloysite, allophane, immogolite, hydrotalcite, pyroaurite, calcite, wollastonite and
mixtures thereof.

6. The method of any of Claims 1-5, wherein the water concentration of

the liquid is less than three percent by weight.
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6. The method of any of Clainms 1-5, wherein the water
concentration of the liquid is |ess than three percent
Whgoogaighs . 7. The net hod of any of Cains 1-5, PGRESWOT024030
the water concentration of the liquid is [ess than one
percent by wei ghte mghodpanyeafidaimsf1-ariyheseintheawatsr gorgentration of
wat er contigntratl on of the liquid is |less

i,n th
tﬁhﬁaﬁgﬁ%feﬁsgﬁhﬁnﬁgqggm ht. 9. The method of any

of O ainsgl-5, Weh&hbd Bf‘ hinfsON§, e@ﬁéréih'tﬁ’é"w%r &Hﬁ%entratlon of
liquidis Iess than one tenth percent by weight.

theliqudd if less thae pae haifpacembyoeighvsi te pol ymer by the
steps of: mixing the filler corrp05|t| on of any of
Aains 1-% wit hﬂ@r@etb? d aoany of Stlgimsy1-5 yuheyein the water concentration of

tlgop‘&oa?snlt%st IFSF%E{CH e?ée%?ggxrggi} to produce a polymer

arning a avi ng €rage size of at | east

one di mengigon of niditdifol pRpardig 4 RmScoMposite\Wolymbrdi ekt steps of:

nanonet ers upon exani nation by transmi ssion el ectron

mixongsbe Gifyr afmpositioprof sey pf€lainas &&nmpitleondt oxtmerepmllmr polymer
11. The nethod of d m10 \Q@grelnlﬁmﬁ iller h
CBBWBP?@e@O%?}n&%)P&ePP ¢ tQ REPAife? BPIMEREO ‘?‘PV’&P iller having an

a?h OsilzE bf)ﬂ léa%t Bhe'Githenbibh oﬂh% ARP &Y leﬁset%hﬁ‘ twOhfRir&d Ranometers

ure, which mxture is then devolatilized to renove
upbg axaminatibry by tramsndssidre¢lectromadictascgpyoafiacrep@sentgiose\sample of the
nanoconposite polyner. 12. An epoxy resin conposition
PYENSH for nmking an epoxy nanoconposite pol ymer, the

€poxy res 'lrf c o%%%éth&{]o{'?ﬂ?ﬁ % \R/F%elﬁttﬁpﬁlo%mfx( @mpr}ses an epoxy

m xi ng an epoxy resin w &r conposi

rasnry ad whtreinthe HiSr éompaRitiBnadf meR@yith BiepoXy 1t t6 ford 8l mixture,
renovi ng organic solvent fromthe epoxy resin

(b)

whish wiureds fhendevolatiliged:tg reneasierpraampendvent epd theg cukd to produce an
cured ep ox nanof}’% osite polyner made by the steps
eB?Xy?adﬁo Sﬁtﬁ PR nE‘bey resin curing agent with the

epoxy resiyn, c 0%@&&&9&1@&@&&&&&%&@ f6rhaRiAa §soxyed
epoxy nanoconposite polynmer; and (b) curing the

naneEgDsitppolymen mlcmemma sésirecquapogiten m:cdeftryrtm sthps dbc(aymixing an
cRFB1 230 ERt e gH PE T RRs AN RO IS -5 1PFB 4 Eppppresin mixture
g{i/ (l%)?gﬁg?nﬂﬂ %r%a‘i‘ﬁb {2)2\2&9? gﬁm%ﬁg r@%ﬁg@ggs;in gﬁ%r@f&%ﬂ d Ydxy resin

compostiemt at i ve sanple of the epoxy

13. A cured epoxy nanocomposite polymer made by the steps of: (a)
mixing an epoxy resin curing agent with the epoxy resin composition of Claim 12 to form
an uncured epoxy nanocomposite polymer; and (b) curing the uncured epoxy nanocomposite
polymer to form the epoxy nanocomposite polymer containing filler having an average size
of at least one dimension of the filler of less than two hundred nanometers upon
examination by transmission electron micros;:opy of a representative sample of the epoxy
nanocomposite polymer.

14. A nanocomposite polymer, made by the steps of: mixing the filler

composition of any of Claims 1-9 with one or more polymer, polymer component, monomer

or prepolymer to produce a polymer containing a filler having an average size of at least one
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nanoconposi te pol yner. 14. A nanoconposite pol yner,
made by the steps of: mxing the filler conposition of

W@eaosod3e@ ai ns 1-9 with one or nore pol yner, de:I//n‘ﬁm07/024030

conponent, nononer or prepolyner to produce a pol yne
d@l@msacprmfrtbe filler offless than twechuadregnaneigetess w@n@ﬂalatnatlelaby

di f.the fill f th
S BIHOB FleC S M RSEoPK &f f B s man v ape ph e 2O BEI on
m Cr 0500PY $0f  aYCSRRSSAILAIA KSyPEERH Cufh WGBSl mer s

15. The nanoconposite pal alm 14 erein

selebtyd”ﬁbm the gﬁi@aioesistﬁnm ;toﬂmncgs anpcapobghat bf) qpolybleﬁns polyamids,
ynmers and co ymers of, | yol efi ns, pol yam

ps e§¢é§tm lycarbpsa a@%ﬁ%ﬁé@em%pj@mm g@lwr@ aeespapgy(?ékg)acrylates

pggra ﬁlg E)égltcﬂ gﬂ %Qf)fﬁ%hk %ées)sf%:l é/tl'lg éﬁ}d&{ %%Psef)ayﬁetones,
pBEJaWHEéfJ)ers nﬁnﬁmlml id&ﬂ?(\@:m%ahdé% )p@rwlhyﬁmemhde)s

ol yi m des,” poly(vin hal i de)s, poly(vinylidene _
phbd(nen‘ef)l@retbmlew)t p@lb’afdxamsecmlii@m@)qumlI;t?dclltmdan@gmers, vinylester

cyanat e | ei ;M de polyners, vinylester resin
r?%?%}ﬁ%ﬁ@% ﬁ ﬁ"t"?ﬁ'nggre? ereof. 16. An epoxy
nanoconpogt e Mﬂoﬁ? ngﬁ%%n{f%sﬁuh@oaﬁh RRdeb; gfeas)t rﬁ?o’f'(ﬁﬂmlxmg an

an epoxy resin wth the tiller conpo |t|on

efibxeyl resinvith the flllertompaittoncafranp of Gtpemt 12 ajb)apbmngmd:drmgaagent and
cat al accel erator, and proqcessing additives,

oaggmaﬁ&@gcafwt ARG 90 Praseng additivesn(e) peplyiae |ﬂaﬁ/mﬁ<gure toa
sﬁlj;h alseo%lyfﬁig? 15Qin %\{ﬁ@%l%n?s R 3}1}%&‘2& gﬁ)ﬂ)(e %)%&gpesﬁlpto clﬂlFe 'and

angl ng an

oﬁﬁbﬁfa@llyte‘iclﬁingﬁfg antlRpaddiag offanickblvehts. aﬂEhﬁe;SBihh@xd(b@f any

of Clainms 1-9, further conprising the step of renoving

Iiquid fréf t hdheimethed ofamsof Claima 1t feghancamgebing the step of
r%’gg\fif I G If%)g)”ﬁ}@%g% C%l?’lp%ﬁlté?rﬁgfflfll’llg%i&ﬁﬁ ofﬁgoﬂlter é)orr]np%%l 10n.

A filler composition made by the method of any of Claims 1-9
and 17.
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