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IMPROVED ELASTOMER FORMULATIONS

FIELD OF INVENTION

[OCC1] The presen invention is directed to novel
compositions and methods for producing elastomer composite
blends and elastomer materials with discrete carbon

nanotubes.

BACRGROUND OF THE INVENTION

100027 Carbon nanotubes can be classifisd by the number
0f walls in the tube, single-wall, double wall and
multiwall. Bach wall of a carbon nanotube can bhe further
classified into chiral or non-c¢hiral forms. Carbon
nanoctubes are currently manufactured ag agglomerated

nanoctube balls or bundlies.

(00037 Tt is desirable to use carbon nanotubes {(also
kriown as carbon nanotube fibres) as a reinforcing agent in
alastomer compogites. Bowever, utilization of carbon
nanoctubes in these applications has been hampered by the
gensral inability to reliably produce discrete or
individualized carbon nanotubes. To reach the full
potential of performance enhancement of carbon nanotubes
as composites in elastomers the carbon nanctubes need to
he separated. In this context one may alsc sgspeak of
exfoliated, debundled, digentangled or discrete nanoctubes.

411 of these terms intended to describe individusl
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nanctubes, 1.e. nanotubes that are sgeparated from other

nanctubes.

(0oo4] Varicus methods have been developed to debundle
or disentangle carbon nanotubes in solution. For example,
carbon nanotubes may be shortened extensively by
aggressive oxidative means and then disperzed as
individual nanotubes in dilute solution. These tubes,
however, are too shori for use as reinforecing materials,

egpecially in high strength compogite materials.

100051 Useful procedures to produce discrete nanotubes
are discliosed in U8 201:/015132%, WO Z010/1172922 and Wan
et al., Carbon 41 {2003y Z92%. The entire disclosure of

rhege references is hereby incorporated by reference.

SUMMARY OF THE INVENTION

100067 It is the object o0f the present invenition to
utilise discrete carbon nanotubes in alastomer
compositions.

[GO07! The present inventors have found that discrete

nanctubes can  be uged advantageously in elastomeric
compositions, if the panotubes are sufficiently separated.
'Accarding to the present invention, carbon nanotubes are
gufficiently separated for uge in elastomeric
compogitiong, i1if at least 70% of all neanotubes in the
composition have an aspect ratio of more than 10. Such
nanctubes are congidered discrete nancotubes in the sensge

of the present invention.
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[G008] In a Iirst aspect, the present invention relates
to compesitions comprising a liguid phase and dispersed
discrete nanotubes. Lattices obtained by mixing such
compositions with elastomers are ziso considered in the
present invention. In a second aspect, the present
invention relates Lo mixtures comprising elastomers and
discrete mnanctubes and in a third aspect, the present
invention relates to cured elastomers containing discrete

nanctubes.

DETAILED DESCRIPTION OF THE INVENTION

[0G0091 While most of the terms used herein will be
recognizable to those of ordinsrv skill in the art, it

should be understood, however, that when not sesxplicitly
defined, terms should be interpreted ag adopting a meaning
presently accepted by those of ordinary skill in the art.
In cases where the construction of a ferm would render it
meaningless or esgsentially meaningless, the definition
should be taken Lrom Webster's Dictionary, 3rd Edition,
200%. Definitions and/ocr interpretations should not be
incorporated from other patent applications, patents, or
publications, related or not, unless specifically stated in
this specification or if the incorporation is necessaryv for

maintaining wvalidity. The term ‘“comprising® 1is to be

construed ag meaning both ‘consisting of" and
“containing®.
[0010] The presenit invention relates to compositions

comprising a plurality of discrete carbon nanctubes havin

0

an aspect ratic of at least 10, preferakly at least 40.

The aspect ratio is preferablyv betweenn 10 to 500, such as
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25 to 500 or 40 to 500. Mcost preferred is an aspect ratio

60 to 200.

O

ey

00111 Discrete nanctubes in the embodiments according
te the present invention amount te at least 70 % of all
nanoctubes. Preferably, the discrete nanotubes amount to at

least 80 or even %0 wit.-%, most preferably 95% or 98% or

more. These percentages can be determined by
centrifugation ox MiCrosSCopy . TE determined by
centrifugation, i1t is convenlient o uge the weight
fraction, i.e. percent based on weight of all nanotubes.

In cage of using centrifugation it may be mores convenient
to uge the volume fraction, i.e. volume percent passed on
volume of all nanotubes. However, asg the wvolume Iraction
and the weight fraction is the same, elither basis can be

uged, while the result ig the same.

[soiz] The aspect rati a8 used in the present
invention is the ratioc of the length to the diameter of a
nanctube or in cage nanotubes are agglomerated, the aspect
ratio 1s the ratic of the length to the diameter of the
entire agglomerate. The agpect ratio ig determined as the
average length divided Dby the average diameter. The
average 1s the arithmetic average. The meximum aspect

ratio for a giliven tube length is reached when each tube is

Hy

ully separated from another. A bundle of carbon nanotubes

has an effective aspect ratio in composites of the average

length of the bundle divided by the bundle diameter.

[00133 One suitable method to measure the diameters of
+he geparated and agglomerated carbon nanotubes ig
gcanning electron microgcopy (SEM). The carbon nanctubes

are deposited on a carbon tape and an image is taken at a
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suitable magnification such asz 100,000 to 200,000x. an
example for such a micrograph is shown in Figure 1. Cords
are constructed across the entire micrograph and the tube
diameters are meagured Ifrom those tubes intercepting the

cords. At least 20 determinations sre made.

10014 On the basis of thiz neasurement, &a histogram
can be constructed showing the diameter of the nanotubes
orn the =x-axig and the number of nanotubes with the
respective diamerer on the vy-axis. An exemple of sguch a
histogram 1&g shown in Figure 2. In this sgpecific
determination the average diameter was calculated ag 13.9

nm with & standard deviation cof 3.5 nm.

1001s] The lengths of the tubes can alsc be measured
uging SEM. A dilute solution (1xl10° g/ml) of carbon
nanotubes is made in watsr containing a surfasctant l(e.g.
dodecylbenzene sulfonic acid or a salt thereof). & drop of
the dilute solution is placed on a carbon tape and dried.
An image is taken under the conditions set forth above.

The lengths are then measured for a sufficient number of

t

nancotubes o as toe obtain a measurement representative o
the average. In practice, - to 10, preferably 20 or more
measurements are btaken. In the example of Figure 3, seven
complete tubes have been measured. The average length of
the measured separated carbon nancotubes in this example is
776énm with & standard deviation of 300mm. A8 & result, the

aspect ratle in this case ig (776 nm/13.9 nm) 56,

0016} The nanotube fibers according to the prasent
invention may Dbe further functionaiized. Functicnalized
carbon nenotubes of the present invention generally refer

o the chemical modification of any of the carbon nanotube
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types described hereinabove. Such modifications can involve
the nanotube .ends, sidewalls, or both. Chemical
modifications may include, but are not limited to covalent
bonding, itonic  bonding, chemisorption, intercalation,

aurfactant interactions, polymer Wrapping, cubtin

103

¥
golvation, and combinations thereof. In some embodimentg,
the carbon nanctubes may be functicnalized before, during
and after being separated.

10017] The carbon nanotubes may be single wall, double

wall or nulti wall carbon nanotubes.

10G18} The carbon nanotubes may be partially oxidised.
Specifically, they mav be oxidised to an oxidation level
of from about 2.5 welght percent to about 15 waight
percent, preferably from about 3 £to 15 or more preferably
from about & weight percent to about 10 weight percent
based on the total weight of the discrete nanctubes. The
oxidation level is defined as the amount by welight of
oxyvgenated  species covelently Dbound to the carbon

nanotube.

100191 The degree of oxidation can Dbe determined
thermogravimetrically. The thermogravimetric method for
the determination of the percent welight of oxyvgenated
species on the carbon nanotube involves taking about 5 mg
of the dried oxidized carbon nanotubs and heating at 5
°C/minute from room temperature to 1000 degrees centigrade
in a dry nitrogen atmosphere. The percentage weight loss
from 200 to 600 degrees centigrade is taken asg the percent
weight loss of oxygenated species. The oxyvgenated species

can else be guantified using Fourier transform infra-red
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spectrogcopy, FTIR, particularly in the wavelength range

1730-1680 cm™t.

[0020] The carbon nanotube can be functionalized with
oxidation species comprising of carboxvlic acid or
derivative carbonyl containing. The derivative carbonyl
species can include ketones, Ifurther derivative species
are qQuaternary amines, amides, esters, acryl halogens,

monovalent metal salts and the like.

(00213 As-made carbon nancotubes using metal catalysts
such as iron, aluminium or ¢obalt can retain & significant
amount of the catalyst associated or entrapped within the
carbon nanotube, a&s much as five welight percent o©or more.
These residual metals can bhe deleterious in  such
applications as electronic devices because of enhanced
corrosion or can interfere with the wvulcanization process
in  curing elastomer composites. Furthermore, these
divalent or multivalent metal lons can asgsoclate with
carboxylic acid groups on the carbon nanctube  and
interfere with the discretization of ths carbon nanotubes
inn subsequent dispersion processes. The oxidized nanotubes
preferably comprise a residual metal concentration of less
than about 10,000 wparts per million {(ppm) and preferably
less than about 1,000 parts per million. The metals can be
copveniently determined using snergy dispersive X-ray,

EDX.

[0022] The present invention relatses to compositions

comprising the above described carbon nanotubes and

OF

liguid phase. The liguid phase may be agueous or organic.
The concentration rangess of the discrete carbon nanotubes

inn the liguid phase are from (.1 to 5% by weight,
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preferably ¢.5 to 3% by weight and most preferably 1 to 2%

by weight.

L00237] For an aguecus solutlon, it is preferable to
have a pH which is alkaline, 1.e. higher than pH 7, so
that the nanctubes are dispersed more easlily; where most

-
H

preferably it is within & range of 8 to 11.

100247 The composition may further comprise at least
one surractant or digpersing aid. Illustrative surfactants
used for dispersing carbon nanotubes in agusous solution
include, for example, sodium dodecyl sulfate, sodium
dodecy]l benzene sulfonate, polyethers, especially block

polvethers, or cetyltrimethyl ammonium bromide.

100251 The above composition ComMPrising carbon
nanotubes and a lliguid phase can be used for mixing with
an elastomer, such azg & latex digpersilion. Preferably, the
weight zrabtio of carbon nanotubes fo the elastomer is
within the range of (¢.01:0.8% to §.3:0.7.

[C0z26] The elastomer in the senge of the present
invention includes rubber polymers that may be subiected
to curing. The elastomer can be & natural or a synthetic
elastomer selected from the group consisting of, but noi
Limited £, natural rubbers, polyigsobutylens,
polvbutadiene and styrene-butadiene rubber,butyl rubber,
polyisoprene, gtyrene-isoprene rubbers, , ethyviene
propylensdiene rubbers, gilicones, polvurethanes,
polvester-polvethers, hydrogenated and non-hydrcgenated
nitrile rubbers, halogen modified elastomers, fluoro-
selastomers, and combinastions thereof The composition

contains nanotubes ag  described asbove that are not
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entangled as a masgs and are uniformly dispersed in the

elastomer,

10027] In the case o0f some elastomers, such asg
polvbutadiene, styvrene-butadiene rubber and nitrile
rubbers, it may be preferable to use an organic solvent
capable of dissclving the elastomer o as o form a
dispersion of discrete nanotubes in a licgquid phase. The
liguid ©phase comprises the organic solvent and the
elastomer. The concentrations of dispersed carbon
nanotubes are preferably in the range 0.1 to 30% by weight
of the mixture. Solvents useful foxr digsolution of the
elastomers include hydrocarbonsg such as covelohexane and n-
heptane, aromatic solvents such as toluene and xylens, and
polar golvents 1ncluding N, N-dimethvliormamide and N~

methyli-Z-pyrrolidone.

[0028] The above composition and latex may be obtained

by a process comprising the following steps:

{a}) selecgting discrete carbon nancotubes as described
above,

by blending the nanocotubes with & liguid o form =
liguid/nanotubs mixture,

() optionally adjusting the pH Lo a desired level,

(d) agitating the mixture to a degree guflficient to
disperse the nanctubes to form a dispersed nanotube

mixture, {e) optionally combining the dispersed

nanotube mixture with at least one surfsctant,

Fh

{f) combining the dispersed nanotube mixture with at least
one elastomer ar a Lemperature sufficient o
incorporate the dispersed nanctubes mixture to form a

carbon nanotube/elastomer composite/liguid mixture,
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{g) isolating the resulting carbon nanoctube/elastomer

composite from the Iiguid.

(002987 The carbon nanotube fibers comprise Ifrom about
0.1 to about 30, preferabiy 1 to 30, 10 to 25 or 15 to 20
welight percent of the fber/elastomer composite of (g). The

agitation in step {(d) may comprise sonication.

[0030) In yvet another smbodiment of the invention is a
carbon nanotube fher/elastomer conmposite, wherein the
carbon nanotube fbers are discrete fbers and comprise from
about 10 to about 20 weigh® percent fibsrs and wherein the

elastomer comprises a styrene copolvmer rubber.

(00211 Isclation in step (g) may mean coagulation or

evaporation of the golvent.

[0032] In & preferred embodiment of the invention the

method for obtaining individually dispersed  carbon

nanotubes in rubbers and/or elsstomers comprises the steps

of:

{a) forming a solution of exfoliasted carbon nanotubsg at
pH grester than or equal to about 7,

(b} adding the solution to & rubber or elastomer latex to
form & mixture at pH greater than or sgual to about
7.

{c) coagulating the mixture tc form & concentrate,

{d) optionalil incorporating other fillers and or an
antioxidant into the concentrate and

(e) optionally melt-mixing sald concentrate into rubbers
and/or elastomers to Iform elagtomeric concentrate,

composlites.

10
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[GQ33 In this embodiment the carbon nanctubes

{2
Fa—

preferably comprise less than or egual to about 30 percent
by weight of the solution, at various desired levels such
ags 20 or 10 percent and a most preferred level of less

than or egual to 2 percent by welght of the sclution.

[0034] In a preferred embodiment the coagulation step
in the above methods comprises mixing with acetone. In
another embodiment, the coagulation step comprisss drying
the mizgture. In vet ancother embodiment the coagulation
step comprigses adding at least one acid to the mixture &t
& pH less than or egual to about 4.5 together with at

least one monovalent ilnorganic salt.

100351 Another aspect of this invention are ceoagulating
methods/agents that senable the carbon nanotube o bhe non-
ordered on the surface of the slastomer latex particle and
together are substantially removable from the liguid

mixture.

(00361 A Further asgpect of thie invention is a method
to reduce or remove surfactants in the latex/carbon
nanctube fbsr compesite gystem with organic molecules of
high water geolubility such as acetcne, denatured alcohol,

ethyl alcohel, methanol, acetic acid, tetrahydrofuran.

100271 Another aspect of thisg inwvention ig to select
coagulating methods that retain surfactant in  the
latex/carbon nanoctube fiber material which includes
coagulating methods such as sulfuric acid and inorganic
monovalent element salt mixtures, acetic acid and
monovalent element salt mixtures, formic acid and

inorganic monovalent element salt mixtures, ailr dryving,



WO 2012/080160 PCT/EP2011/072427

alr spraving, steam stripping and high speed mechanical

agitation.

L)

[

elastomeric dispersicns, the pregent invention excludes

038] In a preferred embodiment for agueous

saltes, acetone and/or. other organic solvents in the
coagulation addition step. In this enbodiment, it is
further preferable to use acids, baseg and organic
coagulation aids to produce the carbon nanctube/elastomer

conposite.

[0039] At the start of this preferred embodiment of the

process, the carbon nanotube dispersion and the agueous

(o0}

glastomer dispersicn or dispersions are blended together.
The pH of the resulting dispersion bhlend should be greater
than § and preferably greater than 10. The pH can be
increased as reguired using bases sguch ag sodium  or

armonium hydroxide, most preferably sodium hydroxide.

10040C] One may then add a flocoulent such as casein,
polyvamide, polvacryvliamide, polvethyieneimine, cation
modified starch, dicynodiamide-formaldehyde condensation

product, or, most preferably, cationic polvamine.

(004173 Subseguently, one may add an acid such as acetic
acid, hydrochloric ac:id, most preferably sulifuric acid
whilst agitating. In this way, one preferably lowers the
pH o less than 4, preferably less than pH 2.0, folliowed
by  iscolatin the regulting carbon nanotube/elastomer

composite from the liguid.
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1004273 The above steps in the preferred embodiment may
be undertaken at room or eslevated temperatures, preferably

in the range of 60 to BO°C.

[0043] The advantage of this process is that it is salt
free and specifically excliudes the acetons/organic solvent
step which i1z more costly on capital than the process
described here well as reducing waste stream management Lo
a purely agueous, low salinity, waste water stream. The
embodiment also limits the amcunt of salt derived ash in

the composite.

[0044] In another aspect, the isolated mixture may have
a divalent or multivalent metal ion content of less than
about 20,000 parts per million, prefersbly lesg than about
10,000 parts per millicn and most preferably less than

about 1,000 parts per million.

[0045] The invention &180 relates to a
nanotubes/elastomery composite further comprising of filler
or fllers such as carbon black and/or gilica. The molded
Alm comprisging the composition may have a tensile modulug
at & percent strain of at least about 12 MPa. The
composition comprising of carbon black, and wherein a
melded fAlm comprising the composition may have a tear
property of at least about 0.8 MPa. The invention also
relates to a carbon rnianotubese/elastomer composition
comprising a filler, and where in a molded film comprising
the compogition has a tensile modulus at 5% strain of at

least B MPgy,

[0045] Vet another aspect of the invention is an

individually dispersed carbon nanotube/rubber or carbon
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nanotube elastomer concentrate comprising free flowing
particles or a bale. The concentrate preferably containg a
concentration of lesg than 20,000 parts per milliocn of a
divalent or multivalent metal salt. In such concentrate,
agglomerations of carbon nancotubes should be avoided as
much as possible. However, agglomesrates that comprise lesgs
rhan 1 percent by weight of the concentrate and wherein
the carbon nanotube agglomerates comprise more than 10

microns in diameter can be tolerated,

[C047] The elastomer nanotube iber composition,
particularly materials may Dpbes made from elastomers
commonly cazlled either natural or synthetic rubber or
rubber compounds {(with the addition of fllers such as
carbon or silica) includes wherein the nanoctube surface
modifier or surfactant i1s chemically or physically (or
both) bonded to the elastomer and/or the isolated fibers or
the filler in the compounds. As an example, oleviamine (1 -
amino-S-petadecene) can be reacted with carbon nanotubes
containing carboxyvlic groups to give the amide. O
addition of the amide modified carbon nanotubs to a vinyl
containing polymer material such as styrene-butadiens
followed by addition of c¢rogslinking agents comprising
such as peroxides or sulfur, the vinyl containing polymer
can be covalently bonded to the amide functionelity of the

carbon nanotube.

[0648] The elastomer/carbon nanocotube concentrate may be
digpersed first inte another elastomer or thermoplastic
polymer to a uniiorm consistency pefore sddition of other
additives such as other i unif and additives, including
carbon black, silica, graphene, oils and antioxidants.

Antioxidants can be selected from benzimidazole,

’.....}
£
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bisphenol, dinhydrocholine, diphenylamine, monophenol,
narhthylamine, p-phenvlne diamine and derivatives thereof.
Typical primary antioxidants are hindered phenolics such
as 2,6-di-t-butvyihydroxvtoluene and hindered aromatic
amines such as N, N ~dizlkyldiphenylamines., Examples of
sscondary antioxidants are organic phosphites esters such

as tris{nonyi-phencl) ph and sulfides or

O
0
o]
oy
(..J
+
6]

thicesters. These additives, and pessibly others such as
plasticizing olls and optionally surfactants can be added
to the dispersion of discrets carbon neanotubes and/or
latex. Optionally these additives can be added to the

coagulated elastomer carbon nanotube crumb, for example

via spraving or added during melt mixing of the elastomer
or elzstomers and discrete carbon nanctubes.
[GG49] Another embodiment of this ilnvention i1s a method

of mixing carbon nanotubss and at least one first elastomer
50 as to c¢htain a master batch., Said master batch of
carbon nanotubes may then be frst melt mixed with a
further elastomer, which may be either the same or
different from the first elastomer, at a femperature from
about 20 to about 200° ¢, subseguentlyv then additionsal

elastomers, nllers, and additives are added and melt mixed

further, Lo produce a compogition suiltable for
vulcanization.
005G A molvent can be added to facilitate mixing

which can be removed before, during or after the at least
one nrst elasgtomer, wherein a master batch of carbon
nanotubes is frst mixed with the elastomer, or after all
ingredients are added and mixed. Normally the mixing time

does not excesd one hour and a time in the range from 2 to

[
(93
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30 minutes is usually adequate. The temperature is usually

between 20°C and 200°C.

[0051] The mixing is suitably carried out in a blending
apparatus, €.¢. an internal mixer such as a Banbury mixer,

or a Haake or Brabender miniature internal mixer. A two
roll mill mixer alsc provides a good dispersion of the
carbon~nanctubes as well as o0of the other optional
additives within the eslastomer. An extruder alsoc provides
good mizing, and permits shorter mixing times. It is
possible to carry out the mixing in one or more stages,
and the mixing can be done in different apparatus, for

example one stags in an internal mixer and one stage in an
exvtruder. However, it should be taken care that no
unwanted pre-crossiinking {scorch) occurs  during the

mixing stage.

(005821 In another embodiment, a mixture of master
hatches using different rubbers may be added o blends of
different rubbers used in the rubber compound such that
each rubber has a master batch that is compatible s¢ that
the individually dispersed nanoctubes are distributed
whether uniformlv or non-uniformly in each rubber domain.
Thigs 1s somebimes necessayy so that blends of rubbers usged
in the rubber compound will have carbon nanotubes in each

rubber component.

10053} In ancther aspect, the invention relates to a
formulation in the form of a2 molded or fabricared article,
such as & fire, 2 gum chafer, a tire sidewall, a tire
tread or casging, a hose, a belt, & seal, an automotive
anti-vibration part, & windshield wiper blade, and a tank

track pad, wheel, Dbushings or backer plate components.

[
)]
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Preferred embodiments are tires for industrial,
commercial, off-road and passenger car applications. They
are typically made from zrubber (both synthetic and
naturall with reinforcing fillers (tyvpically carbon black
and silica). The fillers are added to improve the overall
mechanical properties. Incorporation of the discrete
nanctubes inte such tires allows for the reduction of
reinforcing fillers. Generally spesaking, the reduction in
reinforcing fillers ag compared to the additlion of

discrete Nanotubes that may be achieved i1s greater than

fd
N

1 and is most preferably above 2:1. The amount of
reinforcing fillers wused in traditional tire treads
without discrete nanotubes is typically im the range of 30
to 150 phr, preferably between 50 and 90 phr total filler.
In a most preferred embodiment, the tire has a tread
whareln the concenitration of discrete nanctubes i1s in the
range cf 0.7 wvol.% and 30 vol.% and a concentration of

reinforcing filler in the range of 0 to 20 vol.%.

(0054 The sgeparated carbon nanocotube fiberg of this
invention impart significant strength and stiffness to the
marerials. These new elastomer nanctube filller materials
can improve the frictiocnal, adhesive, cohesive, noige and

vibration, reolling resistance, tear, wear, fatigue and

crack resistance, hysteresig, large strain effects
(Mullins effect), small strain effects (Pavne effect) and
oscillation or Lreguency nroparties and - swelling

resistance to o1l  of the elastomers and elastomer

compounds. Thig change in properties will be beneficial fo

P

applications such as tires or other fabricated rubber or
rubber compounded parts. It will &lso have further
3

benefits 1in  terms of sustainablility such as lower

emigsions 1in  overall tire manufacturing, Dbetter Ffuel
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economy due to enhanced properties, and less tires in the

landfills due to axtended tire lifetimes.

[D055] A carbon nanotube /elastomer composite according
to the i1nvention, exhibits improved resistance to creep
under load and a slower rate of girain recovery after Load
by at least 10% compared to similar eslastomer conpogites
without discrste carbon nanotubes. The invention thus
meets the need for improved gresen gtrength in profile
extrusiong of rubber goods such as grooved belts, wiper
blades, and improved dimensional tolerances in moulded
goods. For profile extrusions green strength is the
raesistance to deformation after exiting the die and before
significant crosslinking has ocourred Lo retain the shape.
A measurs of green strength 1s the resigtance to flow
under load, i.e. creep. Creep is determined by applving a
constant lcad to a specimen and messuring the deformation

with time. In molded rubber goods, particularly with

complex  shapes, it is desirable to maintain  good
dimensional tolsrances. The present invention allows
improved dimensional tolerances due to  less strain

racovery upcn release of the mold pregsure.

[G05E] The compounding and vulcanizatlon {curing) may
be performed as known to any artisan {sea e.g.
Encvclopedia of Polvmer Science and Engineering, Vol. 4,
p. 66 et seqg. (Compounding) and Vol. 17, p. 666 et seqg.
(Vulcanization)). Tyopically such vulcanization is
performed at a temperature in the rangs of from 100 to
200 ¢, preferably 130 te 180" C. In one embodiment the
preparation of a polymer vulcanizate comprises subiecting

the inventive composition to a wvulcanization during

18
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fabrication and/or form fixing such as injection  or

extrusion molding.

[00B7] The following examples illustrate the present
invention. Elements of the examples can and should be
construed within the specific context of the example but
also within the general framework oI the present

discliosure.

Example 1
Illustrative procesgg for producing discrete oxidized

carbon nanotubes

(00587 3 liters of sulfuric acid, 87 percent sulfuric
acid and 3 percent water, and 1 liter of concentrated
nitric acid containing 70 percent nitric acid and 3
percent water, re added into & 10 liter temperature
controlled reaction vesgel Dited with & sonlcator and
atirrer. 40 grams of non-~discrete carbon nanotubes, grade

Flowtube 9000 from CNano corporation, are loaded into the

he acid mixture and the

r

reactor wvessel while stirring
temperature maintained at 30°C. The sonicator powsr i1s set
atr 130-150 watts and the reaction is continued for three

hours.

[+
ot

055} er 3 hours the vigcous solution 18

(e

Jond

ter wirh & 3 micron filter mesh and much

ih

0
transferred to a

of the acid mixture removed by dltering using a 100psi

pressure.

[00&0] The filter cake is washed one time with Zfcour

liters of deionized water followed by one wash of four

19
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liters of an ammonlium hydroxide solution at pE greater
than ¢ and then two more washes with four liters of

deionized water. The resultant pH of the fingl wash is 4.5,

[G061 A small sample of the filter cake ig dried in
vacuum at 100°C for four hours and a thermogravimetric
analysis teken ag described previously. The amount of
oxidized species on the fiber is B8 percent weight and the
average aspect ratio asg determined by scanning electron

microscopy 1lg 60.

Exzample 2
Tilustrative method for making a dispersion of discrete

nanctubes

[0G62] The digcrete owxidized carbon nanoitubes [(CNT)
obhtained in Example 1 are added in wet form to water to
form a concentration by weight of 1 percent and the pH is
Susted £O 9 using ammenium nyvdroxide. Sodium
dodecylbenzene sulfonic acid and is added &t a
concentration 1.25 times the mags of oxidized carbon
nanctubes. The solution is sonicated while stirring until

the CNT's are fully dispersed in the solution.

(00631 Full dispersion of individuzl tubes is defined
when the UV absorption at 500 nm is above 1.2 absorption
units (an absorbance unit is defined as 2, = logwie(Ts/I},

wherein A; is the absorbance at wavelength 4, I iz the
intensity of the light before entering the sample and I is
the intensity of the light after passing through the
sample} for a concentration of 2.5 x10 -5 g CNT/ml

(compared to the same composition without nanctubes).
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Example 3
(0064 Illustrative axample for making & digpersion and

coagulation

100651 The discrete oxidized carbon nanotubes (CNT) in
wet form are added to water to form a concentration by
waeight of 1 percent and the pH is adjusted tec 9 usging
ammenium hydroxide. Sodium dodecvlibenzene sulfonic acid
and is added st a concentration 1.25 times the mass of
oxidized carbon nanotuhes, The solution 1s senicated
while stirring until the CNT are fully dispersed in the
solution. rull dispersion of individual tubeg ig defined
when the UV absorption at 500 nm is above 1.2 absorption

units for a cencentration of 2.5 x107° g CNT /ml.

[0066] Latex SEBR LPF 535¢ (Goodvear Rubber Company)
with a solids SBR concentration of 70.2% (by weight) was
added to the CNT golution such that the geolids ratio i1s 10

parts CNT for %0 parts SBR by weight.

[060e7] Sulfuric acid i1s then added sufficient to bring
the pH to 2 and sodium chloride added at a ratio of 50
g/liter of fluid while stirring. Stirring continues for 10
minutes then the coagulant is removed by filtering. The
Flltrate 1is a clear liguid. The coagulant is dried in a

c
vacuum oven at 40 °C overnight.

Example 4

Iilustrative method for making an elastomer composition

]
i}
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[0068R] Latex SBR LPF 5356 (Goodvear Rubber Company)
with a solids SBR concentration of 70.2% (by weight) was
added to the CNT digpersion of Examplie 2 such that the
solids ratio is 10 parts CNT for 20 parts ESBR by welght.

10068] gulfuric acid 1s then added in  sufficient
guanrities to bring the p¥ to 2 and sodium chloride added
at a ratio of 50 g/liter of fluid while stirring. Stirring
continues for 10 minutes ther the coagulant is removed by
filtering., The filtrate ig a clear liguid. The coagulant is

dried in a vacuum oven at 40°C overnight.

Exwample B

Comparative Test

[0070) An SBR concentrate is melt mixed with additional

05Z2-0HM) 20 gilve a fmal CNT

(8]
w
B2

SBE (Lanxess VEL~
concentration of 2 percent weight in a Brabender mixer by
the following procedure. The temperature of the barrel ig
set to 115°C. The SBR and master batch sre introduced into
the barrel at a gpeed of 20-30 rpm. The speed 1s then
increased to 50 rpm. Barrel temperature shouwld reach
125°C., wWhen the torgue has reached a constant value, the
speed i1s decreased toe 5 rpm and the temperature controller
is turned off. When the temperature in the barrel is S5°(C,
the speed is increased to 50 xpm. The cure package is
added and mixing continues for 5 minutes. The cure package
cgonsizsts of sulfur 3.3 parts per hundred resin, phr,
tetrabutylibenzothiozolsulionamide 0.75phr, diphenyl-~
guanidine 0.5 phr, srearic acid 1.5 phr, N~{1,3
Dimethylbutyl) N'-phenvl-p-phenyidiamine 2phr and zinc

oxide 3phr.
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-

10071 & comparative 1 is made as above with the

exception that ne SBR concentrate is added.

(00721 The mixture is then cured under the following
procedure  using & compressicn molder. The platten
temperature is set to 160 °C, the curing overall time to
20 minutes and the water cooling time to 5 minutes. A mass
of 40.6 g of rubber sample is cut into small 1/4" pieces
and placed in the center of mold window guch that it forms
a sguare, occupyving 2/3 of the space. Foil sheets are used
betwsen sample and compression @ plateg. Mold release is
only usaed on the mold frame. The gample 1lg compressed with
pressure less than 10 psi for 2 minutes. Then, the
presgure 1s increased to 25 tons and kept constant for the

remalining curing cyvcle.

[0073] After curing the films are tested in tension at
Z5°C using a tensile tester with an initial strain rate of
1 x10?% area of the specimen. Strain is defined as the
distance traversed by the c¢rosshead of the instrument
divided by the initial distance betwsen the grips. The
100% modulus is that wvalue of tensile stress at 100%
gstrain. The flms are glso tested for work done to
completely tear the specimen by introducing a razor edge
notch of dimengion one half widih and perpendicular to the

length of the gpecimen to a tensglile specimen.
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Table 1: Tensile properties of cured SBR without carbon

nanoctubes and 5BR with discrete carbon nanotubes

Sample rengile 100% Modulus Work done to
Strength (MPa) {MPa} Tear (¥Pa)
SBR 5 1.1 0.51 0.46
SRR + Z2.26 0.8 G.78
2 wt . -%
CNT i % j
’ : j

Table 1 shows significant improvements in the wvalues of
rensile strength, 100% modulus and work deone to tear arve
gained using 2 percent weight of the carbonr nanotubesg of
this invention. These atitributes are important elemesnts

that lead to improved wear in elastomer composites.

Exanmple &

Preferred mixing

(00741 Another aspect of this invention 1s a preferred
method of mixing that results in inproved properties
wherein the master batch of carbor nanctubes is frst melt
mixed with another elastomer then additional rubbers,
fllers and additives are added and melt mixed further to
produce & composition suitable for vulcanization.

Following is an examplie of preferred mixing

[CG075] A comparative example 5 is produced using 3 phr
carbon nanctubes of this invention, and carbon black flled
rubber system consisting of 3 melt passes. The frst pass
was to mix the rubber components 60 phr styrene butadiene,

SBR Lanxess V8I,-5025-0HM and 40 phr Natural Rubbsr CB &0
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grade, and an SBR-carbon nanotubes master batch containing
10 weight parcent carbon nanotubes at about 150°C. The
second pass was to mix into the frst pass products 50 phr
carbon black, btype N330, 5 phr processing 0il Sundex 812%,
1 phr antiexidant 6 PPD  Santoflex, 3 phy zince oxide and 3
phr stearic acid at about 160°C. The third pass was Lo mix
in the sulfur curing compeounds 1.5 phr sulfur and 1.3 phr
TRRS at about 110°C. Rach pass was performed with a £11

factor of 75% using a Brabender mixer.

[D076] Example 5 1g produced as follows. The improved
mixing approach 1s the same ag the control except the
first pass iz mixing the SBR with the carbon nanctubes
master batch for 5 minutes at about 170°C and followed by

adding the natural rubber at about 16C°C and meit mixing

3l

for a further 5 minutes.

[o077)] The regults of tesgting the materials after
curing for B minuteg at about 180°%C arve provided in Table
2. The tear idnitiation and teotal tear energy are

determined from tear specimen A8TH D6Z24-C.

Palkle 2: Results for Example &

| Comparative  Invention

Tensile Stregg ai Break (MPa) 18.8 20.¢6
Tensile Elongation to Break % 500 520
Tear Initiation Energy {(MPa} 2.8 3.7
Total Tear Energy (MPa) § 3

.3 i 4.2
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(00787 The above takle 2 shows that the example of the
invention {(pre-diluted master batch with specific mixing)
ocbtains improved tensile stress at break at over 1.7MPa,
improved tear initiation energy at over (0.7MPa and
including impreoved total tear energy at over 0.8 MPa
versus the comparative example comprising different mixing
taechnicgues, proving the utility and inventiveness of the

compositions oI the invention.

Bwample 7
L0079 One bhenefit of the present invention is an
improved green strength for profile extrusion of rubber

goods., This can be illustrated as follows:

(00801 A styrene-butadiene rubber (Lanxess 3023) was
mixed with a master batch of latex emulsion SBR (Stvron
1500) and 1% % wt oxidized carbon nanotubess in a Haaks Lab

mixer at 150 ¢ for 10 minutes to give a composition

containing 3 phr carbon nancotube [(example A},

[oos1) A control was made as example A except without

carbhon nanotubes.

[00B2] A disc was made by compression molding at 1106 °C
of dimensiong 4 mm thick and diameter 1.25 cm. Using a DMA
O 80C a load of 0.08% MPa was placed on the disc at 28 °C
and the strain in compression determined as a function of
time for 10 minuteg. The specimen was then unloaded and

the strain recovery recorded for a further 20 minutes.

(OG0B3 In table 1 is recorded the applied stress for 19

minutes, the peak strain recorded at the end of 10 minutes
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and the percentage of strain recovered on unleading and

after 20 minutes,

Table 3: Results for Example 7

Sample Applied | Peak Straim | Strain
Stress | after 10 min | Recovary
[MPa] after 20 min

Control | G.05 0.189 87%

| Invention 0.05 0.0526 71%

Example 8

Passenger Car Tire ZApplications

2 high carbon nanctube master batch was used to make a
carbon black-filied passenger tread formulation based on

S58BR. The composition is set forth in Table 4:
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Pable 4: Composition Example 8

| Component Control | High Carbon nanotube
:Buna VEL 5025-0 HM SBR 7.0 47.7

50% Vinyl/15% Styrene

Budene 1208 BR : 25 i 25

high cis ‘

N330 Carbon Rlack 50 50

Discrete carbon j 30
‘nanotubes

{9 wt.-% of

masterbatch)

Sundex 790 aromatic 10 10

ol

Zinc oxide 3 2

Stearic oxide 2 2
| 7240 Wax 3 3

iePPD anticoxidant : ! 1

iSulﬂur z Z
"hccelerator (TBBES) T 1.25 1.25
%Co~Accelerator (DPG) % 0.3 % 0.3 :
Final [phr] ( 172.8 | 1755

The components were compounded in & 1.2-1 Banbury lsab
mixer (Parrel FZ70} whersby the temperature in the first
pass was 65°C and in the final pass 50°C. After the final
pass, the test 9iéces are formed and cured.

The properties are summarised in Table § below:
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Teble 5: Results Example 8

Comparative | Invention

' Btorage Modulus at -20°C 1.28E+8 B.578+7

Winter traction {(lowsr 1s bhetter!

E' Storage Modulus at 30°C 1.338-+7 2. 0ZE+7

Dry handling (higher is better)

Tan Delta at 300C 0.109 T 0.106
Rolling resistance (lower 1is

better)

Example 5@

Truck Tire Application

In & gimilar manner as in Example 8§, & HCF-ESBE
masterbatch was used for meking an off-road truck tread
[OTR) formulation. The following components wexre

compounded in a 1.2-1 Banbury lab mixer (Farrel F270):

v
o
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rable €3 Composition Example §

Comparative | Invention

Natural rubber (CVe() 73.3 T332

Digcrete Carbon ; 267

Nanotube Masterbatch

Styron Brand 26.7
 ESBR (1502)

Commerciasl Grade 35 35 g
Carbon Black (N220) |
S5ilice TCOCGR i5 15 :
Tudalen 4152 TDAE 01l 3 3 |

"Anti-oxidant (6PED) 2 | 2
UV Protectionm ~ Antilux 654 2 | 2
Stearic acid 2 2

i Zinc oxide 4 4
Sulfur é 1.5 1.5
Accelerator (UBS) E 1.4 1.4
Final I[phri 1.4 1.4

Resgults are shown in Figures & and &

Exguwple 10

HOF-ESBR master batch in “ruck tread formulation

A8 in Examples B and 9 above, & truck tire tread wasg made

from the following components:

30
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Table 7: Composition Example 10
Comparative | Invention

V&l 73.3 73.3
Digcrete Carbon Nanotubes 26,7
Masterbatch {E-HCFZ)
- Styron ESBR (1502) 26.7
}Commercial Grade 50 50
%Carbon Biack (N119)
Tudalen 4182 TDAE Oil 10 10
anti-oxidant (&PPD) z 2
:Aﬂtilux 654 z z
Stearic aclid 3 3
| Zinc oxide | 3 3 N
CSulfur 1.5 1.5
Accelerator (TBRS) 1.3 1.3
| Final [phr) 172.8 . 172.8

The results are shown in Figures 7 and 8.

EMBODIMENTS

[C0B4T The following embodiments amphasisse certain

aspacts of the present invention.

1. B composition comprising a plurality of discrete carbon
nanotube fbers having an aspect ratic of from about 235 to

apous 500, and at least one natural or synthetic

elagtomear, and optionmally at least one fller,
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2. The composition of embodiment 1 wherein at least 70
percent, preferably at least 80 percent, by weight of the

nanotube fibers are fully exfoliated.

3. The compesition cf embodiments 1 or 2 wherein the

nanotube fibers are further Iunctionalized,.

4. The composition of embodiments 1 to 3, wherein the
carbon nanotube fbers comprise an oxidation level from

about 3 weight percent to about 15 weight percent.

5. The composition of embodiments 1 to 4, wherein the
carbon nanotube fibers comprise from about 1 weight percent

o about 20 weight percent of the composition.

6. The composition of embodiments I to 5, in the form of

free fowing particles.

-

7. The compesition of embodiments 1 to €& further

comprising at least one surfactant or dispersing aid,

8. Ths composition of embodiments 1 to 7, wherein the

natural or synthetic elastomer ilg sslected from the group

consisting of natural rubbers, polvisobutylenes,
polyvbutadiene and stvrene-butadiene, butyl rubber,
polyisoprene, ethylene propyvlene diene rubbers and
hydrogenated and non- hydrogenated nitrile rubbers,
polyurethanes, polyethers, gilicones, halogen mwodified

elastomers, especially chloroprene and fluoroelastomers and

combinations thereof.

&. The composition of embodiments 1 to 8, wherein the

fibers are not entangled as a mass.
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10. A process to form & carbon nanotube fiber/elastomer
composite comprising the steps of:

{a} selecting discrete carbon nanotube fibers having an
gspect ratio of from 2% to 500,

(b} blending the fibers with a liguid to form a liguid/fiber
mixture,

{c) optionally adiusting the pH to a desired level,

{d) agitating the mixture to a degres sufficient to
disperse the fibers to form a dispersed fiber mixture,

(e} optionally combining the dispersed fiber mixture with
at least one surfactant,

(£) combining the dispersed fber mixture with at least one
elastomer at a ftemperature sufficient to incorporate the
dispersed fiber mixture to form a carbon  nanotube
fiber/elastomer composite/ligquid mixture,

{g) isolating the resulting carbon nanotube fiber/elasstomer

composite from the Liguid.

1. The process of embodiment 10 wherein the carbon
nanotube fibers comprise from about 1 to about 3¢ weight

percent of the fiber/elastomer composite of (g).

12. The process of embodiments 10 or 11, wherein the

liguid iz agueous based.

| aad

3. The process of embodiments 10 or 12, wherein the

gitating step {(d) comprises sonicatbion.

j

14. The process of esmbodiments 10 or 12, wherein the
glastomer 1s selected from the group consisting of natural
rubbers, polyiscobutylens, polvbutadiene and styrene-

butadiene rubber, ethylene propylene diene rubbers, butyl
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rubber, polvisoprene and hydrogenated and non-
hydrogenated nitrile rubbers, polyurethanes, polyethers,
halogen containing elastomers and Iluoroelastomers and

combinations thereof

15, The composition of embodiments 1 to & further
comprising sufficient mnatural or synthetlc elastomer to
Form a formulation comprising from about 0.1 to about 25

waight percent carbon nanctube fbers.

16. The composition of embodiments 1 to 9 and 15 in the
form of a molded or fabricated article, such as a tire, &

hose, a belt, & seal, &a wiper hlade, an anti-vibration

part, and a tank track.

17. The composition of embodiments 1 to § and 15 to 16
further comprising carbon black and/or sgilica and wherein
a molded film comprising the compogition has & tengile
modulus at 5% strain and 25 degrees C of at least about 12

MPa.

;_5

§. The composzition of embodiments 1 to 2 and 15 to 17
further comprising carbon black and/or silica, and wherein
a2 molded fAlm comprising the composition hag a tear

property at 25 degrees C of at least about 0.8 MrPa.

19. The compesition of embodiments 1 toe ¢ and 1% te 18
further comprising fHller, and wherein & moulded film
comprising the compesition has & tensile modulus at 5%

strain and 25 degrees C of at least about 8 MPa.

20, A carbon nanotube fber/elastomer composite, wherein

the carbon nanotube fibers are discrete fibers and comprise

34
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from about 10 to about 20 weight percent filbers and wherein

rhe elastomer comprises a styrene copolymer rubber.

21, A method for obtaining individually dispersed carbon
nanotubes in rubbers and/or elastomers comprising

{a}) forming =& sclution of exfcliated caxbon nanotubes at
pE greater than or egual to about 7,

{n} adding the solution to a rubber or elastomer latex to
form a mixture at pH greater than or egqual to akout 7,

(o) cpagulating the mixture to form a concentrate,

{d) optionally incorporating other fillers intec the
concentrate, and

(e} meli- mixing said concentrate intc rubbers and/or

alastomers to form elastomeric composites.

22. The method of embodiment 21 wherein the carbon
nanotubas comprise less than or egual to about 2% wt of

the solution,

23, The method of embodiments 21 and 22, wherein the
coagulation step (¢) comprises mixing with organic

molecules of high water solubility such =g acetone,

denatured alcohol, ethyi alcohol, methancl, acetic acid,
tetrahvdroiuran that partially ox wholly removes
surfactants form the latex/carbon nanotube fiber
concentrate.

24, The method of embodiments 21 to 23, wherein the
coagulation step (¢) comprises drying, steam stripping or
mechanical agitation of the mixture to Ifully retain
surfactants from the latex/carbon nanotube fiber

concentrate.
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25. The method of embodiments 21 to 24, wherein the
coagulation step (<) comprises adding &a polymeric

coagulating agent, preferably polyethylens oxide.

26. The method oif embodiments 21 te 25, wheresin the
coagulation step (¢} vompriszes adding at least one acid to
the mixture at pH less than or egual to about 4.5 together
with at least one monovalent inorganic salt Lo retain
suriactants from the latex/carbon nanotube fber

concentrane.

27. The method of embodiments 21 to 26, wherein the
mixture or concentrate has a divalent or multivalent metal

ion content of less than about 20,000 parts per million.

28, The method of embodiments 21 to 27, wherein the
mixture or concentrate has z divalent or multivalent metal

ton content of less than about 10,000 parts per million.

29, The method of embodiments 21 to 28, wherein the
mixture or concentrate hags a divalent oy multivalent metal

ion content of less than about 1,000 party per million.

30. The method of embodiments Z1 te 2%, wherein the
coagulation step {c) iz such that agglomerations of carbon
nanotubes comprise less than 1 percent by weight of the
concentrate and wherein the carbon nanotube agglomerates

comprige more than 10 micrones in diameter.

31, 2An individually dispersed carbon nanotube/rupher or
carbon nanotube/elastomer ooncentrate comprising  Iree

flowing particles wherein the concenirate contains a
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concentration of less than 20,000 part per million

divalent or multivalent metal salt.

32, An individually dispersed carbon nanotube/rubber or
carbon nancotube/elastomer concentrate comprising  free
flowing particles wherein the concentrate containg
agglomerations of carbon nanctubes that comprise less than
1 percent by weight of the concentrate and wherein the
carbon nanotubs agglomeratss comprise more than 10

micrometers in diameter.

33. A composite comprising the concentrate of embodiments

31 or 32.

34, A method of dispersing the individually dispersed

carbon nanotubes/rabber ox carbon nanoctube/elastomer

concentrate 1nto an elastomer by first melt mixing the

elastomer and concentrate to a unifcrm consistency hefore

addition of other fillers and oils.

3

i

The composition of embodiment % comprising a mixture

h

o natural and synthetic elastomers such that each
elastomer 1s compatible withh at least one o0f the
elagtomers such that the nanotubes are individually

dispersed in the mixture of elastomexris).

36, The compeosition ¢f embodiment 35 whereln at least one

of the elastomers does not comprise nanotubes.

37. A composition comprising one first elastomer and
nanctubes, another different second elagtomer and
nanotubes, and vet another third elastomer which does not

comprise nanotubes,
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38. 2 process to increase cure rate oI a composition
comprising at least one natural or synthetic elastomer and
carbon nanotubes, comprising selecting discrete carbon
nanotubes to form the cured compoesition, wherein the cured
composition has at least a 25 percent curing rate increase
over the curing rate obtained for a cured elastomer not

compriging carbon nanctubes.

38, A compositicon of (A} elastomersg, fllers and discrete
carbon nanotubes wherein to maintain or increase gtiffness
or hardness as compared Lo (B) a compesition not
containing discrete carbon nanotubes, wherein composition

{3) has less filler content than (B).

40. A composition of embodiment 39 wherein 1lx parts per
hundred elastomer digscrete carbon nanctube of composition
{h) replaces bx parts per hundred elastomer or more of the
non- carbon nanotube filler of compozition (B), where % is

0.1-15. 17.

41. A method of mixing carbon nanotubes and at least one
first elastomer, wherein & master batch of carbon nanoctubses
is first mel: mixed with the elagtomer, elther the same or
different from the flrst elastomer, at a temperature from
about 20 to about 200°C. subseguently then additional
elastomers, fllers, and additives are added and melt mixed
further, to produce a composition sultable for

vulcanization.
42, b method of mixing carbon nanotubes and at least one

first elastomer, wherelin a master batch of carbon nanotubes

i first mixed with the elastomer, either the same or
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different from the first elastomer, at a temperature Lfrom
about 20 to about 200° ¢ and in the prasence of at least
cne solvent, then the ait least one szolvent is removed,
subseguently and optionally additional elastomers, fillers
and additives are added and mixed further to produce a

compogition suitable for vulcanization.

L3, A method of miming carbon nanotubes and at least one

1]

firgt alastomeyr, wheresin a master batch of carbon nanctubes
is first mixed with the elastomer, either the game or
different from the first elastomer, at a temperature from
about 20 to about 2009 € and in the presence cof at least
one  solvent, subseguently and optionally additional
elastomers, fllers and additives are added and mixed
further, followed by solvent removal to produce 2

compogition sultable for vulecanization.

39
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CLAIME
1. Composition comprising a cured elastomer containing
discrete nanctubes.
Z. Composition according to  claim 1, wherein the

nanotubes have an aspect ratioc of 10 or more.

3. Compogition according to claim 1 or claim 2, wherein

the nanotubes are furthar functionalised.

4. Composition according to any one of the preceding
claims, wherein the curing is effected by free radical or

ilonisation agents.

5. Composition &according to claim 4, wherein the
velcanisation 18 effected during fabrication and/or form

fixing.

5. Article made from a composition acgording to any of

claims 1 to 5.

7. Article according to claim 6, which is selected from
& tire, a gum chafer, & tire sidewall, a tire tfread or
casing, & hnose, a belt, a sgeal, an automotive anti-~
vibration part, a windshield wiper blade, and & taenk track

pad, wheel, bushings or backer plate components.

8. areicle according te claim 7, which is & tire for
cff-reoad and pasgenger car applications, which tir
containg rubber, reinforcing filler such asg typically

carbon black and/or silica.
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9. Use of a composition according to any one of claims 1
toe 5 for adiusting the wear registance, the strength

and/or the stiffness of elastomeric articles.

10. Use of a compesiticn according to claim 9 for

reducing the amount of filler in an elastomeric article.

11, Use according to claims 9 or 10, wherein the article

ig a tire or part thereof,

12, Use according to claims 9, 10 or 11, wherein the tire
tread has a concentration of discrete nanotubes in the
range of 0.7 wvol.% and 30 wvol.% and a concentration cof

reinforcing filler in the range of 0 te 30 vol.%.

1
,_)



