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In the formulation of plastics compounds there are usually finite
and practical limitations to which the physical properties of a particular
polymeric species can be modified before economic benefits and/or
deterioration of other physical properties becomes a consideration. For
example, it is known that the addition of a carbon black filler to rubber
polymers initially contributes greatly to physical strength but beyond certain
limits those strength properties are reduced. Similarly, the incorporation of
fillers such as calcium carbonate, glass fibres or the like to thermoplastic
resins becomes uneconomical after a relatively small increase in the specific
gravity of the compounded plastics material.

Generally speaking, most plastics compositions are inherently
good electrical insulators. In some cases however, it is desirable for plastics

articles to exhibit a degree of electrical conductivity to dissipate electrostatic
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J Sandler et al (Polymer, 40, (1999) 5967) indicated that in
order to avoid electrostatic charging of an insulating matrix, an electrical
conductivity of o = 10° Q m (or a resistivity of p = 10° Q m) was required. By
incorporating carbon nano-tubes into an epoxy resin matrix with intense
stirring, a matrix conductivity of o = 102 Q m was reported with filler volume
fractions as low as 0.1 vol %.
Jun Xu et al (Composites : Part A, 35 (2004) 693) reported that
vinyl ester resin based composites with 8% VGCF content showed a
resistivity of p = 10? Q m and a percolation threshold pc between 2-8 wt% of
VGCF.
In other journal articles, K. Logano et al (Journal of Applied
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No US 2003/01 8 1568 A 1 discloses a conductive
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preferentially distributed predominantly throughout one of the polymers which
exhibited a higher affinity for VGCF.

United States Patent Application Publication No US
2003/0181568 A1 discloses a conductive plastics composition comprising a
thermoplastics resin to which is added either carbon powder (up to 25 wt%)
or glass fibres (up to 50 wt%) or a combination of both and VGCF filler (up to
30 wt%). At 15 wt% of glass fibre filler, surface resistivities of from 10° to
10°? were obtained while at 20 wt% of glass fibre filler, surface resistivities in
the range of from 10’ to 10"? Q were reported.

While the prior art conductive polymeric compositions may be
generally satisfactory for their respective intended uses, many are quite
polymer specific and are limited to the extent that other desirable properties
are not readily conferred without compromising the electrical conductivity

properties.
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fluid in an uncured state.
The liquid curable resin may be selected from an epoxy resin,
20 an unsaturated polyester resin, a vinyl ester resin or a phenolic resin

The conductive nano-fibres may be present in the composition
in the range of from 1 to 30 wt%.

If required, said conductive nano-fibres may have a diameterin
the range of from 0.05 to 10 ym and a length in the range of from 1 to 500

25 pm.

The conductive nano-fibres may be selected from carbon nano-
fibres, carbon nano-fibres, metallic nano-fibres or non-conductive nano-fibres
with an electrically conductive coating.

Preferably, the conductive nano-fibres are vapour grown

30 carbon fibres (VGCF).
Suitably, said particulate non-conductive phase comprises a

thermoplastic polymer.
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The particles of nano-clay may be present in said polymer
composition in the range of from 0 to 20 wt%.

According to another aspect of the invention there is provided a
method for the manufacture of an electroconductive polymer composition
wherein conductive nano-fibres and a particulate non-conductive phase are
intensively mixed with a liquid curable resin, which polymer composition,
when cured, forms a discontinuous non-conductive phase dispersed
throughout a conductive phase in which a percolation threshold is
established by the distribution of conductive nano-fibres therethrough.

Suitably, said conductive nano-fibres and said liquid curable
resin are mixed prior to the addition of said particulate non-conductive phase.

If required, said particulate non-conductive phase may
comprise a thermoplastics resin added in dry powder form.

Alternatively, said particulate non-conductive phase may
comprise exfoliated nano-clay particles intercalated with said liquid curable
resin.

The particulate non-conductive phase comprising exfoliated

nano-clay particles intercalated with liquid curable resin may be added to a
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enbodi ments Wig|G. W ke scanning electromlcrograph of an epoxy resin

20 matrix/VGCF filler/particulate thermoplastic resin composition ac cording to
the invention;;
FIG. 3 is a scanning electromicrograph of an epoxy resin
matrix/VGCF filler/nano-clay composition according to the invention; and
FIG. 4 is a transmission electromicrograph of an epoxy resin
25 matrix/VGCF filler/nano-clay composition according to the invention.
DETAILED DESCRIPTION OF THE INVENTION

The present inventors have sought to exploit the known

superior properties of conductive nano-fibres over conventional

electroconductive fillers such as carbon black or metallic particle fillers to
30 create, in a cost effective manner, electroconductive thermosetting

compositions in a convenient form for a wide range of applications.

The inventors have found that by incorporating non-conductive
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filler content in epoxy-based el ectroconductive
pol ymer conpositions according-to the invention; FIG
2 is a scanning electrom crograph of an epoxy resin

matrix/VGCF filler/particulate therngplastic,resin .
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or processing characteristics. The el ectroconductive _
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val REETpe B dBE SFhR RS, do”a eai stance to
el ectrostati c dbsdlidtiveendigifibres for use in the present invention are
commonly known in the art and may be selected from.carbon nano-fibres,
carbon nano-fibres (also known as vapour grown carbon fibres (VGCF)),
milled carbon fibres, metallic nano-fibres or non-conductive non-metallic
particles having an electrically conductive coating over a substantial portion
of their surface.
Vapour grown carbon fibre (VGCF) fillers useful in the present
invention can have fibre diameters in the range of from 0.05t0 10 ym and a
length in the range of from 1 to 500 ym. The amount of conductive nano-
fibre incorporated into electrically conductive compositions according to the
invention can be in the range of from 1 to 30 wt%, preferably in the range of
from 1 to 2.5 wt%.
A broad range of particulate non-conductive thermoplastic

polymers may be employed in the present invention as a non-conductive
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resins utilized for the el ectroconductive matrix may
be selected froma w de range gf known such |iquid
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minimally modified nano-clays are significantly less expensive than
conventional nano-clays and possess the added advantage that less low
molecular weight organic residues are found in nanocomposite polymers
comprising such minimally modified organoclays. The presence of low
molecular weight organic residues in nanocomposite polymers is known to
substantially reduce the physical properties thereof.

EXAMPLE 1

Vapour grown carbon fibres (VGCF) from Showa Denko were
mixed with a liquid bisphenol-A diglycidyl ether (DGEBA) type of epoxy resin
D.E.R. 332 from Dow Plastics, wherein the VGCEF filler was present in the
epoxy resin in amounts of from 1 to 10 wt%. The VGCF has a fibre diameter
of about 100 nm and a length in the range of from 10 to 20 ym The liquid
epoxy resin/VGCF filler mixture was intensively mixed and simultaneously
diarated in a Thinky Mixer AR-250 from Thinky Corporation in Japan.
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conmpounds. Non-limting exanples may include natura

or synthetic phyllosilicates, @Frtlcularly snectite

cl ays such as nontnorillonite, nontronlte beidellite,

vol konskoi t e, Iaponlte hectorite, saponi
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" owshertabis o8GR BiejinteS Sebeqae werd ProRatad i an identica
nanq&m&q& te polymers conprising such minimally

nmodi fied organocl ays. The presence of |ow nolecul ar

wei EXAMPHEN? c resi dues i n nanoconposite polyners is
known to subs nti
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332 mixeth \mawﬁuhaéwnvlsdenmﬂu@nciﬁ)twé/ ondered regig 301F from

0 7B BBTABRRSY  BnTBIPSEr ) ki ot

a | ety ipovides/VEOBEilled résinantiOntemsrymixBaeand deaerated in a

epoxy resin/VCCE filler mxture was intensively m xe
and BiRgY Mirsi312p0crainaExample & Tiersfian b mirehicigeheets of

f rorg, Iy ¥e gfé?é) ﬂ{ogﬂdd%ancf‘ orRRahdER ik S9hE 'cBHdlﬂf)né ?@scribed in

m xture was then a Foichi omet 1 ¢ quantit
Et heExampl#OQ- LC, curing agent in the ratio of 1 part

by [ ing agent and 3.8 parts of epoxy resin.
EthMMELC is available from Al bermarl e
Cor porati on Ofswbﬁ‘ne%oﬂtﬁ‘\b?ﬁoﬁ’ife Aﬁ"b’rlsﬁﬁe mclay, (PGW) from

cont ai ni ng epoxy sheets were then foul
and Namazbranc.1oiib@ ¢ationt em:hange capac1ty (CEC) of 145 mequnv/100 g,

an aspect ratio of 200-400, a d001 spacing of 12.5 A and a specific density

of 2.6 g/cm3 was used in this example. The pristine clay (4 g) was dispersed
into 120 mL of deionized water to form a suspension, which was stirred at
room temperature for twenty-four hours and sonicated for thirty minutes.
The suspension was poured in 800 mL of ethanol and stirred vigorously for
five minutes. A white precipitate formed, which was filtered and washed
three times with ethanol. The wet product was added to 80 mL of ethanol to
form a clay/ethanol slurry. A modifier, 3-glycidoxypropylirimethoxysilane
(GPTS) (0.2 g) was added to the slurry. The slurry was stirred for ten hours
and sonicated for thirty minutes at room temperature. Afterward, the slurry
was mixed with specific quantities of the liquid epoxy resin of Example 1 at

50°C and stirred for two hours. Ethanol was evaporated by drying in a



hours then 180Q0C for five hours. Additional

conparative sanples containing short fibre | ength VGCF
wo pdoz@er13ih the same ratio were prepared in an PCESG2006D00204

fashi on. EXAMPLE 2 Quantities of uncured epoxy resin

containing 1 wt% and 2.5 vvt%radﬁpectivel y of VGCF

filler prepared in accordance th Exanple lwere m xed
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cat i roixedeittaa Q-é""da’dﬂmelfy\R@E@)anﬁ Evanpledui Wa__m)e s@mcla:nmetnc
2 b ptla A ran 90 Chs 87 BY R GREH B8 nbapRstoEample 1

exanphsaddé® id thkinfiRtusd Aas(sfirdd anddedasssd Gedbrivatgum at 75°C
120 nL of deionized water to form a suspensi on, which

was for sixtyenintes ahetldinerMixer AR-850+ ﬁmadlyrth@lmlth was cured

10 o B UrC T aost Bbi et By DR BRETRME R 0.5 mm

fi vehisknsHerss adinExkb@phs ¢ci pitate formed, which vvas
filtered and washed three tines with ethanol The

product was addelyme regsiivityoef egrhnef the cpfﬁdnsamples taken in

cl ay, I r

5 ol aRes B iak HETBbslfi usipg sigeistyity togt e (Model
addegb0x Kélml@)tarroyan E@t@m&teyhm:srestdtamcmdnfemr (Maodel 6517A,
hour s Ig{lgysonl cated for thi rtsﬁytﬁm nut

151 enpésithley)eaccardipg iarAmeripan standar %s ?Mfe ﬂ\?w D257. As

spe it
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vvas enmgtymeainehia\blyg M@Eﬁ@lldzmccmtanmrfm m%n aatl @@X@ resin having a

for.fort st e-
nano%E%f%'sx%W% gmlpfll% 33 6"1’0'?1? ﬂ#ﬁélqw 5w,
nodi 4hedir8igheldpak¢ Comparative test samples although with VGCF/epoxy

20 mixtures containing from 5 to 10 wi% of VGCEF filler, resistivity values of

10° Q m are obtainable.
Importantly however, the volume resistivity values exhibited in
FIG. 1 show that with the addition of particulate non-conductive fillers, the
quantity of conductive nano-fibres required to obtain volume resistivities in a
25 desired range can be reduced to between 1 to 2.5% with substantial cost
savings arising therefrom. The nanocomposite composition according to the
invention has the additional advantage of a highly exfoliated nanocomposite,
namely high strength and modulus, good barrier properties, fire retardance,
scratch resistance and the like.
30 FIG. 2 shows SEM micrographs of one of the electrically
conductive compositions of Example 2. This composition comprised 60 wt%
epoxy resin, 40 wt% PVDF and 2.5 wt% VGCEF filler. As can ber seen, the



pristine nano-clay dispersed within the Iiquid epoxy
resin whereby the nanoclay particles were intercal ated
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added 2.5 mt % of VGCF filler and the adm xture was
intensively mxed with a Thi nky, M xer AR-250 as in
Exanpl e 1. Then a stoichionetric quantity (Der332 1
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Inmally, the mxture was cured at 1000C
f or networtkovittshighdopdsectivityeyanaithogglothe bEOF filler ﬁ@mps)s'te ratio
to form0.5 gmthl ck sheets as in Exanple 1. Vol une
r esiSYEVi§Y each of the cured sanples taken in

Exanpl es 1 t 0 FRGWBSSHONR S FRBRIr6Sraphis i tife ERBIrEdEIlY iconductive
test fixture (Model 8009, Keithley) and an

el ecompesitian of ghxaraples Ban cehisreaasnPoaitioe | capsarises) epoxy resin
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1 t .8 wenpef aGCaYalgrabl Thése BEMpmisrogesphs lehadrlygshow the
VGCF filler content of 1 wt% and epox resin having a
shomreferesital p@p@rﬁoo@f@ww&b@emm he polymeric matrix.
concentration WA I ;
conparative tz:s| éa%rr% es %ﬁt hou ﬂs%%%’l{%@%&%onducﬂve
M x toohgsostion af rEXBJnIbIeoB) ﬁatr[ethapWS/ i&fsin/@oRtdininge?.5 wt% of

| o Sndalined migmEA moded phF RN FRS Pl T 3 Sy gL VCF filer.
ex h 'ﬁés%drnlc%égﬂaﬁws %QémWaf i?\%t? %@é IdhibRg S46idte rém@fthat the clay

particul ate non-conductive fi the quantity of
congcticlee arannifdritdy d@pee&gni indtae epombmautrﬂx vhag@nductive nano-
resistiviti sire

bt VDR Pateise o8 Sl fipar iR PR o o8 el 0 fireby oreating an

ar i dfetivd Yonduetive hBACTHIO GHRINOK betwePeRytriciregions in the
according to the invention has the additional

adv aenaeesitefmatrid. ghl y exfol i at ed nanoconposite, nanely
[ on oLy endt ERdBSs sBpahtat L BErRREORIGA B e ar et
2 shaway Shvdifications aphsidaptatioasomayhdeelneade itoaltthey conductive
thermosetting polymeric compositions according to the embodiments of the
invention without departing from the spirit and scope thereof.
Similarly, it readily will be apparent that conductive
'nanocomposites according to the invention are relatively cost effective in that
volume resistivities of 10°Q m or less can be obtained with relatively low
concentrations of conductive nano-fibres. Conductive compositions
according to the invention will have application in a wide range of products
where good antistatic and good electromagnetic interference shielding
properties are required. Such applications may include fuel lines, tanks and
containers in vehicles and aircraft, anti-static transport and packaging
materials and components for microchip handling. Other applications may
include casings or housings for electronic devices including mobile

telephones, mobile computers, PDA’s and the like.



conductive conpositions of Exanple 2. This conposition
conprised 60 wt % epoxy resin, 40 w% PVDF and 2.5 wt %
wo/aeFofi3hd er. As can ber seen, theVGCF filler Per/sGmioes00204
are located in the interface regi on between the PVDF
particles and epoxy matri X, or, jn the matrix and thus
forman effective VGCF network “wi th high conductivity

even al t hough the VGCF filler conposite ratjo isS very .
smal | . FIG 3AsRalsulsENatNasiags AoReng frea fhe invention is the
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5 F11bGén 'tr%n%ﬁgre?l%yﬁﬁlﬁélﬁcé‘ﬁ{tédr?&ucﬁ{/@coétirﬁ?d@é\ﬁ dispMy systems.
m crographs of the electrically conductive conposition
of Exanple 3, nanely epoxy resin containing 2.5 w % of
exfoliated mnimally nodified pristine nano-clay and
2.5 wt% of VGCF filler. These m crographs show t hat
the clay is highly exfoliated and that the clay
particles are unifornmly dispersed in the epoxy matri x.
The conductive nanofibre particles are not dispersed
in the clay rich regions thereby creating an effective
conductive nano-fibre network between clay rich
regions in the conmposite matrix. It readily will be
apparent to a person skilled in the art that many
nodi fi cati ons or adaptations may be nade to the
conductive thernosetting polyneric conmpositions
according to the enbodi nents of the invention wthout
departing fromthe spirit and scope thereof.
Simlarly, it readily will be apparent that conductive
nanoconposites according to the invention are
relatively cost effective in that volume resistivities
of 103Wmor |ess can be obtained with relatively | ow
concentrations of conductive nano-fibres. Conductive
conmpositions according to the invention will have
application in a wi de range of products where good
antistatic and good el ectronmagnetic interference
shi el di ng



properties are required. Such applications may include
fuel lines, tanks and containers in vehicles and

wa@eoocoaB3ty anti-static transport and packagi ngPCT/SG2006/000204
materials and conponents for mcrochip handling. O her
appl i cations may include casi ﬁ or housings for
el ectroni c devices including ile tel ephones, nobile
computers, PDA's and the |ike.A particul ar advant age
acgEtWUSFromthe invention is the flexibility
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and even tranQBE\ﬁ?‘éﬂ{"ed?ar%r'fémgﬁu%@ conduct i ve

5 coatings on di;gRirfdulaiesicBorduttiVephdse Abcontinuously dispersed
el ectroconductive pol yner conposition conprising: a )
cur droeghowiuisaid esatixrasaidx conpesiion; mamgnzeogrl@s,that said

and, a rticul at.e naon-cend ' . . .

ai s o PRGBS B te gt YaBHAGH: spid matry o eglapisn o
conpepddiatish HIesRAd efidreftwhen SBRE magidiscunadict i ve
nano-fi bres are dispersed throughout said matrix to

establish a percolation threshold therein when said

matrj X i s curegd. 0SL A according t j .
10 whefein said & egﬁp] cgﬁ@ﬁgtlaz\:/&edrgo rr{t?? g{/ds“?em? WhReE said

conpllécesoadiittivedpolpmen systerrr esinptis¢®a flRid # an uncured state.
conposition according to claim lwherein said liquid
curable resin is selected froman epoxy resin, an

unsaf urat ed P‘ﬂé’&'ﬁk@éiti()ﬁ%k@@ﬁdﬁ\ ﬂo%féinﬁf%"eréiﬁ%ibfd IRfuicicurable

phendlic resin 4. conposition according to claim1l ]
whemesin isséldctedrfthrn timnapoxgmesihj am uesaiuated petyesteriresim a vinyl
car bon nanp-t ubeaﬁncar bon nano-fibres, netallic

15 nan&@steryes® QJra RBANUEHESEY i ve nano-fibres with an

el ectrically conductive coating. 5. A conposition
according to claim4 wherein said conductive ) .
nanakfi bres arfe coapositiograseerdingeslaimi avliereinsaid gonguctive

gggp&%ﬁolt-{i}%gs aGe° rsgle%gec} ?ro% a&em)gn %oe-ﬂbe%?' c%rbon nano-fibres,
metallic nano-fibres or non-conductive nano-fibres with an electrically

20 conductive coating.

5. A composition according to claim 4 wherein said conductive

nano-fibres are vapour grown carbon fibre (VGCF).

25 6. A composition according to claim 5 wherein said conductive
nano-fibres have a diameter in the range of from 0.05 to 10 ym and a length

in the range of from 1 to 500 ym.

7. A composition according to claim 6 wherein said conductive
30 nano-fibres are present in said polymer composition in the range of from 1 to

30 wt%.



nano-fi bres have a dianeter in the range of from 0. 05

to 10 mmand a length in the range of from1 to 500
wWorm07/8113#88 conposi ti on according to cl ai m 6 wWhePE&I/sGEa6/000204

conductive nano-fibres are present in said polyner

conposition in the range of frqw 1to 30 wt% 8. A

conposition according to claim1l wherein said

part] cul ate nop-conductive phase conpri ses, exfoliated,.

par ti-cl es of  rARGTHCICTGSCqRIBBgGsH By WREEIAFA beticulate
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are intercalated wwth said liquid resin matrix. 10. A

conmposition according to claim8 wherein said

particles of nano-clay.are present in.sald, polyner. .

conposi tion i tﬁ?é“?%%tboé‘ BrEarAgg ﬁ) plgig riarei{Sdiq exfoliated
5 COMMstitle s df ABARBLAMNard ptditalaedlwithear] iguidirésin matrix.

nonconduct i ve phase conprises a thernoplastic polynmner.

12. A conposition according to claimllwherein said

t heryppl astic I ..nas i [ [ s

the hnge of rhomBpteS oG e BFAIF s3uiEITHEH deticies of

accafghoiday are beégont inbsidgiolyraert cbrhpesition irpthel range of from 1 to

polymer is selected fromthe group conprising:-

cryst®@M%ne pol ar thernopl astic pol yners, crystalline
ghon-pol ar thernopl astic polyners, non-crystalline

non- pol ar thernopl astic polyners, non-crystalline

pol at1.t her nopl Astomppsitipneascordingolty melaimt hemdefreinr said non-

any con‘é&b‘:cgati gn of the aforesaid po{é_grre s 14. A
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t hernopl astic polymer is present in said polymer

conposition in the range of froml1l to 70 % 15. A

met hBdl f or t heA sampbaitivn aecadingtoalaimt toslergircsdid thermoplastic

pol yner copposition according to.claiml [ ei

15 Lo N T6h VRS AJNPRR PRETdn dialgler i ) nge 1 foi B.1 to 100 pm.
non- conducti ve phase are intensively mxed with a
l'iquid curable resin, which polymer conposition, when _
curetB. forns &AEPROORILIPAGEORIdingHOSHainCHT wierein said thermoplastic

polymer is selected from the group comprising:-
crystalline polar thermoplastic polymers, crystalline non-polar
20 thermoplastic polymers, non-crystalline non-polar thermoplastic polymers,
non-crystalline polar thermoplastic polymers, copolymers thereof or any

combination of the aforesaid polymers

14. A composition according to claim 11 wherein said thermoplastic
25 polymer is present in said polymer composition in the range of from 1 to 70

wit%.

15. A method for the manufacture of an electroconductive polymer

composition according to claim 1 wherein conductive nano-fibres and a
30 particulate non-conductive phase are intensively mixed with a liquid curable
resin, which polymer composition, when cured, forms a discontinuous non-

conductive phase dispersed throughout a conductive phase in which a



phase di spersed throughout a conductive phase in which
apercol ation threshold is established by distribution
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according to claim15 wherein said conductive

nanofi bres and said liquid curgble resin are m xed

prior to the addition of said rticul ate

non- conducti ve phase. 17. A method according to claim

15 wessalkatiprsthreshsdd isi established bystisitibution ef gangiistive nano-fibres
conmpt i her nopl astics resin added in dr owder
fopﬁha%QﬁDQQ thod according to claim 15 mhe¥e?n sai d
parti cul at e nonconductive phase conprises exfoliated

nano-clay particles intercalated with said liquid, .

cur 36t e resi nAmethod araokdiag ie elginilRgvheletn %I(ﬂ?qwduct've nano-
uherBldl 3l SaRPiblif AR TRER AWM oREPRPne addition of said
conprising extoliated nano-clay particles intercalate

Wi t ipakriculate ru-edniductiesiphaks. added to a m xture of

said liquid curable resin and said conductive

nano-fibres. 20. A nethod according to claim 17

whergi n said |4 ﬁ'#é"tﬁio(félé H@grtﬁ%léln‘i $5 {VPier®A said Barticulate non-

di spersi on of exfoliated nano-clay intercalated with

sai @ohilgoiive phasdlcempeises gpthermoptasiideiresionaddeds i dry powder
conductive nano-fibres. 2 1. A nethod as clained in

cl ai'™0 wherein said dispersion is formed by

treatnment of pristine clay with water to swell said

clay, exchanging said water with an organi c sol vent

whi 118. mai nt ai i mgtied dcearding ta claiswdd mhereinsaid partigulate non-

slurry with said organic , egalt ' .
o el Ak SRR SRR nabhS BB dereapten wir
sel eglichqdid @ursbls wedinct ant, a coupling agent, a

conpati bilizer or any conbination thereof and

subsequently mxing said slurry with a liquid curable

resiqy and thereafdfty LEERYIHP oS Rhith §P WHRILIn dhdbaRictiate non-

di spersi on.
conductive phase comprising exfoliated nano-clay particles intercalated with

liquid curable resin is added to a mixture of said liquid curable resin and said

conductive nano-fibres.

20. A method according to claim 17 wherein said liquid curable
resin is formed as a dispersion of exfoliated nano-clay intercalated with said

liquid curable resin prior to addition of said conductive nano-fibres.

21. A method as claimed in claim 20 wherein said dispersion is
formed by treatment of pristine clay with water to swell said clay, exchanging
said water with an organic solvent while maintaining said clay in a swollen
state in a slurry with said organic solvent, treating said solvent exchanged
swollen clay slurry with a modifier selected from a surfactant, a coupling
agent, a compatibilizer or any combination thereof and subsequently mixing
said slurry with a liquid curable resin and thereafter removing said solvent

from said dispersion.



