1 NANOCOWPOSI TES AND PROCESS FOR THEI R PRODUCTI ON FI ELD COF THE

I NVENTI ON Thi s invention relates to nanoconposites and .a process for
their production. BACKGROUND OF THE | NVENTI ON AND PRI OR ART One of
the maj or problens preventing pol ymer/clay nanoconposite ,

manuf acture on a large -scale is the difficulty to reach a high
degree of clay exfoliation and uniformdispersion in polymner/clay
systens -to forma true nanostructure. The antici pated high

performance of pPNANOEIOMIPESTIIRS ADPR : b & th
and nodul us, good barrier properties, éFF?i’FP??;ﬁ an ﬁ%ﬁﬁ“ﬁ@ﬁ&?ch
resistance are believed to be the direct results of the ultra-high
aspect ratio as well as the extrenely |arge surface area of the’
exfoliat ed ;g HE)/M he required clay exfoliation, it has
-been shown ?ﬁgﬁﬁ? pr opegltq?{?ﬁpr ovenents of adding nanoclay in a
rigid polymer matrix is very limted and in sonme cases a negative

i mpact has THhdgventiePRlAR bty j referred.starting
materi al . However, the sg??agl%léﬁ%%ﬁg%rs%(ﬁ{#géeéggceull_aérpr?'l 8P%hi lic and
not: conpatible with nost polymers.. To overcone this. problem

organi ¢ NMEAGKGROWNR: OF THEINVENTION ANDiFRIGH&RE ay surface and .

i mprove the -extent of exfoliation. The. nodified clay whioll is
commo "qrganool ay", often contains a considerable anount
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invention, there 1s provided & protaleigred te bfithy diedh asrtio apdhsi wlee-high

aspect ratio as well as the extremely large surface area of the exfoliated nanoclay. Without

the required clay exfoljation, it has been shown that the property improvements of aﬂd-ing

| naneclay in & rigid po}ymar matrix is very limited and in some cases a negative impact has
been reported. . -

. Pristine cldy is a preferred stértiné material.” However, the surface of pristine clay is

- hydrophilic and not'conipatible with most polymers. To overcome this problem, organic
modifiers are widely used to miodify the clay surface and improve the extent of exfvliation,
The modified clay which is commonly knows as “organocla,y“,- often contains a considerable
amount of organic modifier. Consequeﬁﬂjz, the price of the 6rganoclay is high and
furthermore residual low molecular weight modifiers remain in the nanocompogite, wkich
can cause. deterioration of the thermal and mechanical performance of the product. .

_This ipvention provides 2 novel approach to preparation of nanocomposites and

I;auocompos;'tcs 50 obtained.
SUMMARY OF THE INVENTION

In accordance with the invention, there is provided a process of forming = nanocomposite
comprising: |



conprising:.. 2 treating pristine. clay with water to forma swollen
clay; intercalating sai-d swollen cltay With an organic solvent to form
~an organic solvent intercalated swollen clay by exchanging said

water with said organic solvent whilst _maintaining:said swllen clay
in aswol l en state with said solvent; tréati ng sai d orfganic sol vent '
intercalated swoll'en clay with a nodifier, and, mxing said organic
sol vent intercalated swollen clay so nodified with a.matrix naterial
conprisi ng a noRSHEE pPrigimeglaavith wastrgerform e swallep ctxyprbi nati on thereof to
‘forma " nanoco o%%e&e_ m xture and, if required, polynerizing said
matrix mat eri al T9EpaaERE Spidaoivn ciey oHMIME BRINGS! T dumeard omfasinsolasmt
opti cal m piteveHlagh s@bi@Pkiy ef i 2 anoclay ..
(epoxy/Cloisjte .QSQ% nanocgrrph?'}gsi'lt‘::!faajs-@((ﬁ%Isg{c/l %gfr%%()eéﬁ@E?%ﬁZér%&gf ‘%)f,%c‘%fw{”fl?é-
‘prior art {EEAEnHRd swallen piay imppswgllenpiat with said melventan opt i cal

- m crograph of pol Jf-shed surface of, epoxy DER332/pristine clay

nanoconposi't es T RIa LN sobrenbintereptatnd swallagslayi wih 2 modifier; prdesent

-invention. (Sc bar;.. right: .50 pyn) Figure 3 shows aTEM m crograph
of the epoxy Déhg%% 5‘?%5’%%'& %%]/‘_"BPEHE?)WW%F@?Q% Gainge Mesifisd owigo 8 matx
l(: clay ¢ 2 ntegieridf coppiisin g’oa)mmionhdri:,%lfﬁg’ﬁaﬂﬁr, @biy%fgll':gié Et}ysél ENWIdeidn FEh @80 Form o
i gure 0 of .epoxy . cl ay napoconposites
(cl ay contsrg%}f[’&g_ﬁ: OI%%a‘%{’gfggquérgd\ﬂ%ﬁﬁ%P@%Fﬁ“g@@méﬁn?%l-present ,
invention. Figure 5 shows the .nechani cal properties of epoxy

DER332/ cl nﬁconﬁgﬁi tes *of the invention using Young's nodul us;
Figure 6 * PRECRIRTLON OF TBEJPRAWINGSof epoxy DER332/ cl ay

nanoconposi tes of the invention using fract_ure' t oughness.
Figure 1_ shiows an optical micrograph of poﬁsﬁ;ﬁd surface of epoxy DER332/orgénpc1ay
(epoxy/Cloisite 93A) nanocomposites {clay cbnter;t of2.5 Wwi%), of the prior art. (Scale bar:
right: 50 pmi) ' - '

Figure 2 shows an optical micrograph of polished surface of epoxy DER332/pristin'e-cIay L
nanocompesites (clay content of 2.5 wt%), aceording to the present invention. (Sca.lé bar:
right; 50 um) ’ | |

Figure 3 shows a TEM micrograph of the epoxy DER332/organo clay (epoxy/Cloisite 93A)

‘ nanocomposites_ (clay'content of 2.5wt% ) of the same prior art shown in Figure 1.-

Figure 4 shows a2 TEM micrograph of epoxy DER332/clay nanocomposites (clay content of
2.5w1% ) prepared with technique of the present invention. o ' :

Figure 5 shows the mechanical properties of epoxy DER332/clay nanocomposites ‘of the
invention using Young’s modulus, o

Figure 6 shows the mechanical propcrﬁes of epoxy DER332/clay nm:écomposites of the

invention using fracture toughness.



2a Figure 7 shows the. conparison of the Young's Mdul us of the
nanoconposi tes :of the invention prepared with different nethod. (Ref
Becker, Cheng, Varley, Sinmon, Macronol ecul es, 2003,- 36; 1616-1625).
Ref A was cured at. 100C 2 h, 130C -1 h;, 160-C 12. h, 2DOC 2 h, Ref B
was cured at 160C 12 h, 200'C 2"h. 3 F'[Zgure 8 shows the conparison
of 'the fracture toughness of the nanoconposites of the invention
prepared with different nmethod. (Ref: Becker, Cheng, - Varley, Sinon,
Macr onol ecdl'@¥e 72809s t@vacor@momﬂﬁl)a YRedg's\ Maislue Wrete atan ngoﬁta? of the
130C 1 h, 16Re4 0QGu2 B u 60C 00C 2 h.
5 Figure .9 omirgt ﬁgpag%ora e Jr‘m W IM\Q dc Qfg 3%0% e?é‘?“@re Ve, n%&‘tma
epoxy,. _epo@“rmt . R08% 3ﬁa1"ﬁiéd|@Bﬁ)stés vaf cirbd atl/ 1gmemmhp mSG!U:Ci)}i hf@@“(:ﬁfz
an epoxy DaRA®REan oxy oisite 93A) of the
pri-or art. Fi gure}gggﬁ{(ﬁgw{ﬁ?ﬂ?gﬁ V rsu%rrperature for epoxy
DER332/ cl ay: nanoconposi tes 'of the " invention and that of an epoxy
DER332/ or ganocl ay nanoconposi'te (epoxy/Cloisite 93A). In 10 Figures
9 and 10, curve a is neat epoxy,curves b,c,d and e are 1.0, 2.5, 3.5
-and. 5.0 wt %l ay respectively.Curve f contains 5.0 wt% oisite 93A.
Figure 11 shows |ight-transmttance of nanoconposites -according to
the invention at various clay concentrations. Curves a,b,c and d are
at-1.0, 2.5, 3.5 and 5.Om%clay r espectively: Figure 12 shows a
conmparison of light transmttance according to prior art approach.
“(Ref: 15 Deng, et al., Polyner International, 2004, 53, 85-91).
~Figure 13 shows .a TEM m crograph of epoxy LY5210/clay nano conposites
(clay content of "2.5Wm %) prepared with technique of the present
dnvention.” Figure 14 shows the storage nodul us, E versus terrperature'
for epoxy LY5210/cl ay nanocorrp05|tes of the invention.



20 Figure 15 shows the tan 6 versus tenperature for epoxy LY5210/cl ay

nanoconposites of the invention. In Figures 13 and 14, curve a is

neat epoxy, curves b and ¢ are 2.5 and 5.0 w %l ayrespectively.

Figure 16 shows the nechanical properties of epoxy LY5210/cl ay

nanoconposi tes of the invention using fracture toughness. 4 Figure

17 shows a TEM m crograph of epoxy DER332/clay nanoconposites (clay

cont ent gfguﬁ@ 854Mo¥Ws 1Rk CRAAMsM bh the FaBiutl! Goughndsh efphesembeompesites ofi the
S

Figure 1 ows a TEM m crograph of epoxy DER332/cl ay panoc sites
(clay comventionof prepargivt withprdiBercald mpethpdt dReHi direkes pﬂsﬂ rgén";gﬁ% Simon,

e pri shisspmgles 2 g Tk e bR e T PO AR 190 12

Thi s caugempwel. [RefB wis duftd 4tnd0d t2h) 200°@R Iparticl es by penetration
of the water into the clay gallery spaces. The water dispersion is
t hen exchanged with an organic solvent. The choice of solvent and 10

the C@ndﬁ%&ﬁ@ QhoWX A3 NE6ras Ems@ats, t Batveidie fvMetatiresfat eeaif epdxy, epoxy
clay.is I nt

ained. By using an organic solvent, the ano %
modi f i er PER3A2/cleyresageanpasiics of &g inveation and that il & a@f’xyp%g /gggapgclay
I mproved. Substantiall l-at 1 on can be achieved in at
| east th’émoﬁ?%’?%ﬁl{em#@ﬁg%s%ﬁgsﬁ\g/gﬁta%%)rg. The organi c sol vent used

in this invention facilitates the reaction between the nodifier and

15 th | faciditat t ' | '
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Figure 11 shows light transmittance of nanocomposites according to the invention at various

clay concentrations. Curves a,b,c and d are at 1.0, 2.5, 3.5 and 5.0wit% clay fespecﬁvdy.

Figure 12 shows a comparison of light transmiftance according to prior art approach. (Ref:
15  Deng, et al., Polymer International, 2004, 53, 85-91).

Figure 13 shows a TEM micrograph of epoxy LY5210/clay nanocomposites (clay content of
2.5wt% ) prepared with technique of the present invention.

Figure 14 shows the storage modulus, E’ versus temperature for epoxy LY5210/clay

nanocomposites of the invention.

20  Figure 15 shows the tan 8 versus temperature for epoxy LY5210/clay nanocomposites of the
invention. In Figures 13 and 14, curve a is neat epoxy, curves b and c are 2.5 and 5.0
wit%clay respectively.

Figure 16 shows the mechanical properties of epoxy LY5210/clay nanocomposites of the
invention using fracture toughness.



20 conpatibility of the systemw th the hydrophilic clay |ayers and

t he hydrophobi c nol ecul es which may be used as a nodifier or as the
nononmer, polynmer or oligonmer can be achigved. The organic solvent is
preferably of a low boiling point in order that the reactions are
conducted at a |low tenperature and so that the solvent after

performng its function can be easily renmoved by evaporation. 25 The
or gani ¢ sBigueenl7sshavisia THMsmiseoguaf eff epodly DER3G2ictny nabogompmsidesn(olay content of

| sobutyl  Fat B PR RO ARG A PERTRI BN as 5 methano!
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acetate, sls@iohyl:aualalin RBLINAIML pRBkRBALRIGEL Ner s such as_di ethyl
ether, ethylené glycol dinethyl ether di et hyl ene gl ycol di net hyl

et her and t et rahydr of uran; 5 hal ogenat ed hydrocarbons such as

di chl of Egﬁf haiggE f@lgorobut ane,
tri chI oroet ane, Dlﬂf%s 1ﬁﬁ‘nzene and o- d| chlo enzene; hydrocar bons

such as hexane, heptane, octane, benzene, tol uene and xylene. O hers
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hexamet hydweiilirgp b thec intdividual Gb@,y particlga wepebeitation| afcthe neatefl’ iIﬂ!s dhe clay gallery
sol vent s be used 10 either singly or in any conbination thereof.

A sol ventsP 5%'/ Sa conbi nation thereof with a boiling point below 100 C

is generally preferred for ease of handling and | ow cost In t he

rocess t he invention, .the cla irst m.x
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anount of water to the anmbunt of organic solvent can vary w dely

| ong as amhergetiasolvsniithe ainount efvgiodifiers can be radueechwﬂuﬂntﬁcf@lmonaxfwhe clay
from1l:1t 50.. The nthefor n of the
oot o erichts R Ev e n Spb D Y, dor DI AR RES B, b Spphieved im at Teast the

preferred forms of the invention.

The organic solvent used in this invention facilitates the reaction between the modifier and
15  the clay and also facilitates the uniform dispersion of the clay layers in the monomers,
oligomers or polymers. The organic solvent can also act as a solvent for such monomers,

oligomers or polymers.

The organic solvent can be a polar or non-polar solvent, If it is non-polar and is not miscible
with water, it will usually be used with a polar solvent. By such a solvent system,
20 compatibility of the system with the hydrophilic clay layers and the hydrophobic molecules

which may be used as a modifier or as the monomer, polymer or oligomer can be achieved.

The organic solvent is preferably of a low boiling point in order that the reactions are
~ conducted at a low temperature and so that the solvent after performing its fimction can be

easily removed by evaporation.

25  'The organic solvents will thus be preferred including, but are not limited to ketones such as

acetone, methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone; alcohols such as



Thus it can be selected fromthe group consisting of snectite and
kaolin clays. Snmectite clays for use in the current invention can be
sel ected fromthe group consisting of 2Q nontnorillonite, hectorite,
saponite, sauconite, beideffite, nontronote, and conbinations of two
or nore thereof. Mire preferably the clay is selected fromthe group
consisting of hectorite, nmontnorillonite, beidellite, stevensite,

and sapor iethanolretianol) prppaned, r-baipnelsibutpnels Wé-buéﬂﬂplr anfl teri-yusenalioglyeels such
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can be selected fromthe grou ‘of surfactants, cou

agents anhtxamm]balphbsﬂhpmerisalnﬁm taaﬁlgammmllmftymlastoma,n 'Bhe&eéoétﬁn&dnfaydm Bsed
al kyl umsalts anosi or functi onal

deri v@tl VALt FEBRGPT I °8’§1 O%Eli‘e&e% |ér§ &’aanﬂ%? R thereaf veiih 2
copol yrrertﬁaﬂ dhitekove 000 § IEdeherall F&?éiﬂ:dqﬁlsé‘hsé Bﬁhaﬁaﬂﬁghhﬁowdsk be

sel ected so at it has a functlona group that can bond to the cl ay

| ayers and anot her functional group that can bond to the polyner.

is a featiiBe floctRDIEAY ﬁﬁ@ﬁndnf"ﬂ:%rﬁléyol@ firkthated REHLRLES | Bhe PaﬁB df%lagfstg%ater
I n a much | ower anount than@?ropose in the prior art methods

Hence, t Henarouiomol:Inedif10e). Pzefelsblyrfroiucied to 4309, amwranwefaiabhi fothks to
range O. 15 weight percent. The polymer can be selected from
any polyngrs ' normally used in a conposite in the prior art.

15  The ratio of the amount of water to the amount of organic solvent can vary widely as long as

the clay remains in a swollen state, The amounts can vary from 1:1 to 1:50.

The clay used in the formation of the nanocomposites is one generally utilised in the prior art.
Thus it can be selected from the group consisting of smectite and kaolin clays. Smectite
clays for use in the current invention can be selected from the group consisting of
20  montmorillonite, hectorite, saponite, sauconite, beidellite, nontronote, and combinations of
two or more thereof. More preferably the clay is selected from the group comsisting of
hectorite, montmorillonite, beidellite, stevensite, and saponite. Typically the clay used in the
current invention will have a cation-exchange capacity ranging from about 7 to 300

meq/100 g.

25  The amount of clay used in the nanocomposites of the current invention will vary depending
upon the desired properties in the final nanocomposite and generally range from about 0.1 %

to 40 % by weight based on the total weight of the composition,

The organic modifier of the current invention can be those referred to in the prior art. The

- modifiers normally have a function to react with the clay surface and with the polymer



Hence pol ynmers chosen fromthernosetting polyners, thernoplastic

pol ymers, and conbinations thereof can be enpl oyed. The polyners can
be incorporated in the process of 15 thesinvention as a polynerizable
nononer and then pol ynmerized. Such polyners include thernosetting
pol ymers such as epoxies, polyester resins and curing rubbers;

t her nopl ast i c ol ymers such as pol yol efins which can consist of

pol yet hy!| ehaias: ot ptacenas hydmh#llﬁutTﬂap oabmer ohaiyp ean Mty feom bydophobic to

- pol |
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et hyl ene- | acryl at.e, polyacrylates such, as. pol yneth
met hyl acr §F %Hréc‘faatﬂ D agents prd sompabibilizersy |S%b1ﬁa@qd}ﬁ%rﬁ éan be selected from
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melt hacr Iyl amé)chlomldemrl”mlfhydndh),l gyalﬁﬁgt Iﬁolpmymblataéﬂ bl{aclst xcﬁpclﬂgan&ss URheaRB case the
pol yaryl at e ol.yput epht hal at e and pol yet hy
Por bpit hatasise il per ﬁfg?fﬁscaﬁe £3dags cymgr%eﬁaﬁnm@togmclamms and

and styr epgubiiradisna: df
ol ot her L R 0 P B8 £ P S O mvention
t her nopl atbed e puidyfiericde be usddastaonmhslowur:mnamt dhanfpropased BEhS prior art methods.

pol yuret hane TPE's, and enlc TPE'.s: .chl ori nat d.oI rs such as
PVC aitd E@?% E&ﬂ"r‘%‘?&%"éu i A2 besTadpesdriaan i é‘gﬁ%@%m@m@ 15
si | oxane, wéihi gegdat,r ubber,  si I I cone resin; fluoropolynmers and 30
copolymers with other nononers are useful such as

pol ytetrafl uoroet hyl ene, fluorinated ethyl ene-propylene,
per f | uor opgqsyt éIQﬁh'B%se]E@ﬂeH%hPéxﬂlﬁdlﬁh&Qﬁ@&hﬁWlﬁE@m @&dﬂ(ﬂcﬁﬂ@m the prior art,

chl or of I uor oet hyl ene copol yner, polyvinylidene fluoride and
pol yvi nyl|Hengsr palymerg dihosohaffom  thesingsabing r0dymers,r ithermoplaistics , polymers, and

olyamd de-i ni
(F:) Op)cl)l yrrere@n{b%ysgﬂ? )rflhéa F&geéﬁ)ar %X:tp%g%su:ﬁl 3’5‘%%?%% gmg{?é%e the process of
pol yddl f dhe inveatiye abarsijhedablandnaaby aidyihss bbbatrized heuch 61 ylni 25 irlude

t her nopl ?}ﬁtl c resins useful in this i nvent| on are _acetals, acrylics
and cel | (R@EIoseting palymers, sucly a3 engiepnBelyestes resing pyd g bt fiermoplastic

copol ymenlymers such as polyolefins which can conmsist of polyethylenes, polypropylenes,

polybutylenes, polymethylpentene, polyisoprenes and copolymers thereof, copolymers of
olefins and other monomers such as ethylene-vinyl acefate, ethylene acid copolymers,
20 ethylene-vinyl alcohol, ethylene-ethyl acrylate, and ethylene-methyl acrylate, polyacrylates
such as polymethyl methylacrylate, polybutyl acrylate, polyethyl methacrylate, polyisobutyl
acrylate, poly(2-ethylhexyl acrylate), poly(amino acrylates), poly(hydroxyethylmethacrylate),
poly(hydroxypropyl methacrylate), or other; polyalkyl acrylates; polyesters such as
polyarylates, polybutylene terephthalate and .polyethylene terephthalate; polystyrene and
25  copolymers such as ABS, SAN, ASA and styrene-butadiene; engineering resins such as
polycarbonate, polyetherimide, polyetheretherketone, polyphenylene sulphide and
thermoplastic polyimides; elastomers such as olefinic TPE’s, polyurethane TPE’s, and
styrenic TPE’s; chlorinated polymers such as PVC and polyvinylidene dichloride; silicones
such as polydimethyl siloxane, silicone rubber, silicone resin; fluoropolymers and
30  copolymers with other monomers are useful such as polytetrafluoroethylene, fluorinated
ethylene-propylene,  perfluoroalkoxy resins, polychlorotrifluoroethylene, ethylene-
chlorofluoroethylene copolymer, polyvinylidene fluoride and polyvinylfluoride. Additional



5 can also be used. In addition, mscible or immscible blends and

all oys of any of the above resin conbinations are useful for. this

i nvention. The anount of polymer in thesconposite can vary from about
60 % up to about 99.9 % by weight of the total conposition depending
on the desired application. The preferred polynmer content can be 80%
to 99.5% re prefer, I - 85%.t0 99. 5% OTheln ention will now_be
descr i bedPWVHES s @th@ﬁ ip6, RaleHers GalRg) hirprdeng gthersandqpolyagniderimide
const r uedag t £lo LR RN Gre FXIARORD é@sggmé Such 28 pBTy3MRR! pahabiifne
93A, an co rcefn'ga o?ganocl aye cont adl)nl r?s wt % ofEl gl Kyl amm%%m

was m xedandi pcbiyﬁ(jllsﬁlfgleof (B Epoliss oﬁﬂlmﬁlﬂ%tﬁeﬁsmy ussfuhgnathis mventlon are

honogeni zer hour eed.of 000 rpm . The m.xt t hen

i ed i ¢ Fretpisy PSP s Sion T AR EB) Pelogebny iy At g Verie P bapers
at 10Q0 Ccaf:lodlsozbé"ﬁ)ééﬂs I@@leﬂigﬁ) fist®le & Lﬂﬂhﬁ:.(ﬁbhﬂl&d%'&ﬂé'&ll@ﬁ@@ﬂﬁiy dFake dbove
plate and subject to a nunber of tests. The optical mcrograph is

shown i n.resihgombingtiontree T higinugitions shown in Figure 3. 20
Exanple 2 2 grans of purified sodiumnontnorillonite having a cation

exchange capacity of 145 neq/100g, was m xed with 100 m of water,
Wi th stirThengméwnt of@olymmin me emnpnsﬁenmevaytﬂm about fofr ¥ wp Em?meh%? Bi¥s by

The suspensi rec I n 1000 ceton

t enper at u‘?’@gﬁﬁ qfﬁﬁ%‘iqgﬁlﬁmg tﬂﬂﬁ ﬁgpl}fﬁ ?%oﬂrl;{l‘f’ B%eé?egtpt? Sener
for 3 ti r%%ten@@an:’oeaﬂﬁ"/@m@%l h%ké‘@%ﬂ%%yﬁ%@@%ﬁ%s added as the

coupl i ng agent in an anmount of O. m xture was then stirred
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Examples
Example 1

2 grams of Cloisite 93A, an commercial organoclay containing 40 wt% of alkylammonium,
15  was mixed with 60.8 g of Dow epoxy resin DER 332 by using a homogenizer for 2 hours at a
speed of 10000 rpm. The mixture then mixed with 16g curing agent (ETHACURE 100 LC)
by stirring and cui‘ed at 100° C for 2 hours and 180° C for 5 hours. The final product was a

plate and subject to a number of tests,
The optical micrograph is shown in Figure 1, The TEM micrograph is shown in Figure 3.
20 Example2

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145
meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature to
form a suspension. The suspension was precipitated in 1000 ml of acetone at room
temperature with stirring and washed with acetone at room temperature for 3 tfimes.
25 3-aminopropy1trimethoﬁcy—sﬂane was added as the coupling agent in an amount 0of 0.1 g. The

mixture was then stirred for 12 hours at room temperature. Then 60.8 g of Dow epoxy resin



then m xed with 16g curing agent (ETHACURE 100 LC) by stirring and
cured at 1000 C for 2 hours and 180 C for 5 hours. The final product
was a plate and subject to a nunber of tests. The opti cal

m crograph is shown in Figure 2. The TEM m crograph is shown in
Figure 4. Optical mcroscope (OM observations confirmed that the
clay particles have uniform dispersed in the matrix in the
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exfoliated and the clay layers are uniformly dispersed in the epoxy matrix (Figure 4), which

15 is significantly superior to that of the samples made with existing technique (Figure 3).

The incorporation of clay into epoxy improves both the Young’s modulus (Figure 5) and
fracture toughness (Figure 6). At a clay load of 2.5wi%, the fracture toughness shows a
maximum valie (Figure 6). Compared with the data reported in literature, the
nanocomposties prepared with the approach of the invention show better performance in

20  terms of both Young’s modulus and fracture toughness. An example is shown in Figures 7
and 8, in which the data are normalized and compared. It is obvious that the nanocomposites
prepared with the approach of the invention show higher Young’s modulus regardless of the
clay content. The maximum value of fracture toughness is higher than that of the samples
prepared with existing approach.

25  The dynamic mechanical properties of the nanocomposites are shown in Figures 9 and 10,
together with that of an epoxy/organoclay nanocomposite (epoxy/93A). It can be seen that the
storage modulus of the nanocomposites with approach of the invention increase with the clay
load, while the Tg didn’t change much. For epoxy/organoclay, however, the storage modulus

is lower at the same load, and the Tg decrease dramatically.



| oad, while the Tg didn't change nuch. For epoxy/organocl ay, however,
the storage nodulus is lower at the sane |oad, and the Tg decrease
dramatically. 9 Figures 11 and 12 showga conparison of
transmttance. Because the clay dispersion and exfoliation have been
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Tg of the nanoconposites m th roach of the |nvention .
i gcr e aser%fg% F{YtSP,gg@[aéw%av?& tg}a/ mod?ﬁeda Eﬁy thoroughly tby us}ng a homogenizer for 2

hours at a speed of 10000 rpm. The mixture was dried in a vacuum oven at 50° C for 48
hours and then mixed with 25g curing agent (Ciba HY2954) by stirring and cured at 160° C
15 for 2 hours and 220° C for 2 hours. The final product was a plate and subject to a number of

tests.

The TEM micrograph show that the clay is highly exfoliated and the clay layers are
uniformly dispersed in the epoxy matrix (Figure 13), which is significantly superior to that of
the samples made with existing technique (Figure 3).

20  The dynamic mechanical properties of the nanocomposites are shown in Figures 14 and 15. It
" can be seen that both the storage modulus and Tg of the nanocomposites made by the

approach of the invention increase with the clay load.

The incorporation of clay into epoxy improves fracture toughness (Figure 16). At a clay load

of 2.5wit%, the fracture toughness shows a maximum value.

25 Example 4

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145
meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature fo



The incorporation of clay into epoxy inproves fracture toughness
(Figure 16). At a clay load of 2.Swt% the fracture toughness shows
a maxi num val ue. 25 Exanple 4 2 grans oflQpurified sodi um
nmontnorillonite having a cation exchange capacity of 145 neq/100g,
was mxed with 100 mMl of water, with stirring for 24 hours at room
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roomte rature. Then 60.8 g of Dow epoxy
xample 5

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145

15  1meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature to
form a suspension. The suspension was precipitated in 1000 ml of acetone at room
temperature with stirring and washed with acetone af room temperature for 3 times.
3-glycidopropylirimethoxy-silane was added as the coupling agent in an amount of 0.1 g.

- The mixture was then stirred for 12 hours at room temperature. Then 60.8 g of Dow epoxy

20 resin DER 332 was mixed with the modified clay thoroughly by using a homogenizer for 2
hours at a speed of 10000 Ipni. The mixture was dried in a vacuum oven at 50° C for 48
hours and then mixed with 16g curing agent (ETHACURE 100 LC) by stirring and cured at

100° C for 2 hours and 180° C for 5 hours. The final product was a plate and subject to a

number of tests,

25 The TEM micrograph show that the clay is highly exfoliated and the clay layers are
uniformly dispersed in the epoxy matrix (Figure 18), which is significantly superior to that of’
the samples made with existing technique (Figure 3).



20 resin DER 332 was mxed with the nodified clay thoroughly by using
a honogeni zer for 2 hours at a speed of 10000 rpm The m xture was
dried in a vacuumoven at 50 C for 48 hpurs and then m xed with 16g.
curing agent (ETHACURE 100 LC) by stirring and cured at 100 C for 2
hours and 180 C for 5 hours. The final product was a plate and

subj ect tona ﬁunbert bjf tests. ﬁg The TEM m crogr aph show that the
clay is higiv9lewys, hie SYhiHsesiRe maly compaments Jed 1 Gach of fag Examples and the
di sper sed reRyid Figpiliusmling hd b @& oo il bfube SToni i cantly
superior to that of the sanplés made with existing technique (Figure
3). 11 The followi ng table summarises the main conponents used in
each of the Exanples and the relevant K'Eg]ﬁres illustrating the
properties of the final product. TABLET anpl es Pol ynmer O ay Sol vent
Modi fier Figures Matrix | DER 332 Organoclay None None 1,3 2 DER332

Pristine %’If‘%é ACetone 3-am nopropyt gTTmethoxy=- —2;4=12—sitang —3—t¥
5210 Pris leg | ay PRV HENOl | 9851 yci doSpiemy | t r|iMesifisoxy- 13- 16 giftimwe 4
DER332 Pri stine cl asgtikt hanol 3-am nopropyl trli met hoxy- 17 silijane 5
DER332 Pristine clay Acetgne 3-glyciidopropylitri nethoxy- 18 dilane 5
The invention thefefore further provides a nanoconposite in vhich
exfoliated clay papggeies %EmHJi‘alyf of gLy, di qu\fogeed in a pol ymErL3
matri x.
2 DER332 Pristine clay | Acetone 3-amimopropylirimethoxy- | 2,4-12
silane
3 LY 5210 Pristine clay | Ethanol 3-glycidopropylirimethoxy- | 13-16
silane
4 DER332 Prstine clay | Ethanol 3-aminopropyltrimethoxy- | 17
silane
5 | DER332 Pristine clay | Acetone 3-glycidopropylrimethoxy- | 18
silane

5  The invention therefore further provides a nanocomposite in which exfoliated clay particles

are uniformly dispersed in a polymer matrix.

The nanocomposites of the fnvention can be used as parts of aircrafi, automobile etc. where
high modulus and high hardness, high heat distortion temperature and high thermal stability
are required; printed circuit boards, electronic packaging, electrical components etc; beverage
10 and food containers, films and coatings etc where high barrier properties and high

transparency are required; and tyres, tubes etc.



The nanoconposites of the invention can be used as parts of aircraft,
aut onobil e etc. where high nodulus and hi gh hardness, high heat
distortion tenperature and high thermal ®tability are required;
printed circuit boards, electronic packaging, electrical conponents
etc; beverage 10 and food containers, films and coatings etc where

hi gh barr gt PESPSLLA ' 4 ranspar.ency are required;, and. .,
tyres, t ugg@ legt C. &%1 @MI Pge%?%c?‘éﬁg‘ﬁﬁ) RS tBé’é#é]ar%g 8‘5“5'5@81%5%15 not to
r ef er ence beocopstededr ase et atlere®Nt Fuitherhford) Wheted spddficC RGN ShdPSteps in the
limted thereto. Furthernore where specific materials and steps in

the procd&Cesae FeeEid legnd snawa cawizolants guist hemsin sudbdquivalenés ae incorporated
such equi - o ed herein as if specifically set
forth. 5 %%bﬁgﬁz%ﬁ&%ﬂ%%%fﬁﬁﬁgﬁil. A process of formng a
nanoconposite conprising: treating pristine clay with water to form
a swolten clay; 5 intercalating said swllen clay with an organic
solvent to forman organic solvent. intercalated swollen clay by
exchanging said water with said eorganic solvent whilst maintaining
said swllen clay in a swllen state with said solvent; treating
said organic solvent intercalated swollen clay with a nodifier, 10
and, m xing said organic solvent intercal ated swllen clayso nodified
with a matrix material conprising a nononer, oligonmer, polymer or
any conbination thereof to forma nanoconposite m xture. and, if
required, polynerizing said matrix material.

o




15 2. A process as clained in clai m 1 wherein said organic solvent is
extracted fromsaid nanoconposite mxture. 3. A process as clained in
claim2 wherein said organic solvent is extracted fromsaid
nanoconposite m xture prior to, during, or after.a required :
pol'yneri zation of said matrix material. 20 4. The process as clai ned
in claiml, wherein said matrix-material i13 selected fromthe.group
consi sting. of thernoplastic polyners, thernosetting -polyners, and
conbi nati ons t her®$fAT B/E Thaili®cess as claimed In claim 1l wherein
said clay is selected from the group consisting of snectite and
kaolin clays. 25 6: The process as clained i.n claimb, \/\herel n said
clay is a snectitt seﬂl pm’cesh bt formib e r@mcmnmrdom

nont norillonite, hect h % anj te, c%)ngﬁﬂﬁ be| deI ite, _
stevensite, nontronit rea gy Pl ‘f‘"g'h‘é'a Q1R8N S SWRYRB C@¥her eof . 7.
The -process &s cl ai rredutematdtaagmaﬁ:l 3hlelltee|l tlaf hﬁh@rﬁﬁ@a&nﬁéﬁ!%ﬁt&g bPRN -
30 hectorite, | site, and saponite
clays. 8..The pr orgégg@k ﬁé'gg“fﬁﬁéf@ *ﬁfﬁ‘i’%{{eﬁﬁ? 5? neingssaidiwales yith said 5
cation- exchange arg@raclsbryelntamlglsmgwaﬁnmmgts@wsv?ollbﬁ cRAGnEEsWolien sthte dAh
9.. The process aSuf ,d inclaiml, wherein said clay is present

I n an -anmount -rangl ng ¥ro‘m about 0.1 %to 40% by . wei ght ‘based on the
‘total weight of the rﬂ@raylmaldorgams}aohrsnﬂjﬁter@m\e@ewommamm amaBiiet; N

claim1, whepein dfye day/water ratio ranges 5 from 1iltol:1000. 11.

The process as-claiimed in claim1, wherein said organic solvent Is
mixing said orgamc solvent mtercalated swollen clay s6 modified with

@ matrix material comprising a monormer, oligomer, polymer or any
combination thereof to form a nanocomposite mixture and, if reqi.airéd,
polymenzmg said matrix material. ' .

15 2. A process as claimed in claim 1 whereln sald orgamc solvent is
- extracted from said nanocompesite mixture, :

3. A process as claimed in claim 2 wherem said organic- solvent is
extracted from said nanocomposite mixture prior to, during, or after a
requ:red polymerization of said matnx material,

20 - 4, The_ process as claimed il’t claim 1, wherein said matix material is
selected from the. group consisting.of thermoplastic polymers', thermosetting

- polymers, and combinations thereof. S |

5. The process as claimed In claim 1 wherein sald clay Is selected from
. the group consnstsng of smectite and kaoim clays.,
25 6 The process as cialmed in claim 5, wherein said’ clay is & smecﬂte

selected from the group compnsmg montmonilonlte héctorite, saponite,

sauconite, beideliite, stevenszte, nontronite, and combinatlons of two or more

thereof. |

7. . The process as claimed in claim 6 wherein the clay is selected from
_ 30 hec’ronte montmotillonite, beidellite, stevens&e, and saponite clays.

8. The process as clalimed in claim 1, whereif said clay has a cation-

exchange capacity ranging from about 7 to 300 meq/100 g. '



selected fromthe group consisting of polar organic chem cals and
non-polar organic chemcals. 12. The process as clainmed in claiml,
“wherein water .and organic solvent. 10 are present in a ratio of from
1:1 to 1:50 during exchange of water by said organie solvent, . 13.
The process as clainmed in-claiml1, wherein said nodifier is selected -

“fromthe group- consi sting of surfactants, gupJ I ng agents, and

conpatibilizers. . 15 14. The process as cl'dined in claim1, wherein
of al kyl ammoni um

Sal Us, o ganosi | ang: al o ProseaEb BBk MRS R erelN Ol oyl prmeniduan

organosi | ane; al kyl". aci

salts,
graft ed copol ymer St Fngig frampabyuter 194 to 454 by eight aéﬁécﬁor?tﬁe‘%étéi'vﬁ?g@t
in claim13, wher ijlfhesl% 9“%'0%&%% agent is present in an anount
rangi ng from.0.05%to 15% F based on the 20 weight of the
clay. 16, A nanocd@posi hépmﬁswddmmmIdn bigint ﬂ@erﬁﬁ%c!@ﬁw&ﬂeﬁéﬂS%nb@s
claln1}. 5- from 1:1 to 1:1000.
11, The process as claimed in claim 1, wherem saad organic solvent fs
selected from the group conststing of polarorgamc chemicals and non-po!ar
organic chiemicals. :
. 12, The process as claimed in claim 1, wherein water and orgamc solvent
10 are present in a ratio of fromi 1:1 to 1:50 during exchange of water by said
_ oOrganic solvent, . .
13. 'The process as ciaimed in claim 1, wherein said modifier is selected
‘from the group consnstmg of surfactants coupling agents, and
] compaﬂbmzms ' J -
15 14,  The process as claimed in cialm 1, wherein said medifier is selected
from the group cons:stlng of alky!ammonlum saits, organoslfana alky! acids
- and functronal derlvat:ves thereof grafted copolymers and block copolymers.
15. The process as cialmed in claim 13, wherein saxd couplmg agent is
present in an amount ranglng fram 0.05% to 15% by weight based on the
20 - weight of the clay ' '
16, A nanocomposnte when produced by the -process as claimed in
claim 1.



