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DISPERSIONS COMPRISING DISCRETE 
CARBON NANOTUBE FIBERS 

CROSS-REFERENCES 

This application is a continuation-in-part application of 
U.S. Ser. No. 15/225,215 filed Aug. 1, 2016 and allowed 
Sep. 12, 2016 which was a continuation-in-part application 
of U.S. Ser. No. 15/166,931 filed May 27, 2016 and issued 
as U.S. Pat. No. 9,422,413 which was a continuation of U.S. 
Ser. No. 14/924,246, filed Oct. 27, 2015 and issued as U.S. 
Pat. No. 9,353,240, which is a continuation of U.S. Ser. No. 
13/993,206, filed Jun. 11, 2013 and issued as U.S. Pat. No. 
9,212,273, which claims priority to PCT/EP2011/072427, 
filed Dec. 12, 2011, which claims benefit of U.S. provisional 
application 61/423,033, filed Dec. 14, 2010. This application 
is also related to U.S. Ser. Nos. 62/319,599: 14/585,730; 
14/628,248; and Ser. No. 14/963,845. 

FIELD OF INVENTION 

The present invention is directed to novel compositions 
and methods for producing elastomer composite blends with 
discrete carbon nanotubes. 

BACKGROUND OF THE INVENTION 

Carbon nanotubes can be classified by the number of 
walls in the tube, single-wall, double wall and multiwall. 
Each wall of a carbon nanotube can be further classified into 
chiral or non-chiral forms. Carbon nanotubes are currently 
manufactured as agglomerated nanotube balls or bundles. 
Use of carbon nanotubes as a reinforcing agent in polymer 
composites is an area in which carbon nanotubes are pre 
dicted to have significant utility. However, utilization of 
carbon nanotubes in these applications has been hampered 
due to the general inability to reliably produce individual 
ized carbon nanotubes. To reach the full potential of per 
formance enhancement of carbon nanotubes as composites 
in polymers the aspect ratio, that is length to diameter ratio, 
should be substantially greater than 40. The maximum 
aspect ratio for a given tube length is reached when each 
tube is fully separated from another. A bundle of carbon 
nanotubes, for example, has an effective aspect ratio in 
composites of the average length of the bundle divided by 
the bundle diameter. 

Various methods have been developed to debundle or 
disentangle carbon nanotubes in Solution. For example, 
carbon nanotubes may be shortened extensively by aggres 
sive oxidative means and then dispersed as individual nano 
tubes in dilute solution. These tubes have low aspect ratios 
not suitable for high strength composite materials. Carbon 
nanotubes may also be dispersed in very dilute solution as 
individuals by Sonication in the presence of a surfactant. 
Illustrative surfactants used for dispersing carbon nanotubes 
in aqueous Solution include, for example, Sodium dodecyl 
Sulfate, or cetyltrimethyl ammonium bromide. In some 
instances, Solutions of individualized carbon nanotubes may 
be prepared from polymer-wrapped carbon nanotubes. Indi 
vidualized single-wall carbon nanotube Solutions have also 
been prepared in very dilute Solutions using polysaccha 
rides, polypeptides, water-soluble polymers, nucleic acids, 
DNA, polynucleotides, polyimides, and polyvinylpyrroli 
done. The dilution ranges are often in the mg/literranges and 
not suitable for commercial usage. 

SUMMARY OF THE INVENTION 

The present invention relates to a composition comprising 
a plurality of discrete carbon nanotube fibers having an 
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2 
aspect ratio of from about 25 to about 500, and at least one 
natural or synthetic elastomer, and optionally at least one 
filler. The composition can have carbon nanotube fibers with 
an oxidation level of from about 3 weight percent to about 
15 weight percent, or from about 0.5 weight percent up to 
about 4, or up to about 3, or up to 2 weight percent based on 
the total weight of discrete carbon nanotubes. The carbon 
nanotube fibers comprise preferably of about 1 weight 
percent to about 30 weight percent of the composition and 
the composition is in the form of free flowing particles or a 
bale. The composition is further comprising of at least one 
Surfactant or dispersing aid. The composition can comprise 
the natural or synthetic elastomer selected from the group 
consisting of, but not limited to, natural rubbers, polyisobu 
tylene, polybutadiene and styrene-butadiene rubber, butyl 
rubber, polyisoprene, Styrene-isoprene rubbers, styrene-iso 
prene rubbers, ethylene propylene diene rubbers, silicones, 
polyurethanes, polyester-polyethers, hydrogenated and non 
hydrogenated nitrile rubbers, halogen modified elastomers, 
flouro-elastomers, and combinations thereof. The composi 
tion contains fibers that are not entangled as a mass and are 
uniformly dispersed in the elastomer. 

In another embodiment, the invention is a process to form 
a carbon nanotube fiberfelastomer composite comprising the 
steps of: (a) selecting discrete carbon nanotube fibers having 
an aspect ratio of from 25 to 500, (b) blending the fibers with 
a liquid to form a liquid/fiber mixture, (c) optionally adjust 
ing the pH to a desired level, (d) agitating the mixture to a 
degree sufficient to disperse the fibers to form a dispersed 
fiber mixture, (e) optionally combining the dispersed fiber 
mixture with at least one surfactant, (f) combining the 
dispersed fiber mixture with at least one elastomer at a 
temperature sufficient to incorporate the dispersed fiber 
mixture to form a carbon nanotube fiber/elastomer compos 
ite/liquid mixture, (g) isolating the resulting carbon nano 
tube fiberfelastomer composite from the liquid. The carbon 
nanotube fibers comprise from about 1 to about 30 weight 
percent of the fiberfelastomer composite of (g). The liquid is 
aqueous based. The agitating step (d) comprises Sonication. 
In this embodiment, the elastomer is selected from, but not 
limited to, the natural or synthetic elastomer selected from 
the group consisting of, but not limited to, natural rubbers, 
polyisobutylene, polybutadiene and styrene-butadiene rub 
ber, butyl rubber, polyisoprene, styrene-isoprene rubbers, 
styrene-isoprene rubbers, ethylene propylene diene rubbers, 
silicones, polyurethanes, polyester-polyethers, hydroge 
nated and non-hydrogenated nitrile rubbers, halogen modi 
fied elastomers, fluoro-elastomers, and combinations 
thereof. The composition is further comprising sufficient 
natural or synthetic elastomer to form a formulation com 
prising from about 0.1 to about 25 weight percent carbon 
nanotube fibers. 

In another embodiment, the invention is a formulation in 
the form of a molded or fabricated article, such as a tire, a 
hose, a belt, a seal and a tank track pad, wheel, bushings or 
backer plate components. 

In another embodiment, the invention is a nanotubes/ 
elastomer composite further comprising of filler or fillers 
Such as carbon black and/or silica, and wherein a molded 
film comprising the composition has a tensile modulus at 5 
percent strain of at least about 12 MPa. The composition 
comprising of carbon black, and wherein a molded film 
comprising the composition has a tear property of at least 
about 0.8 MPa. 

In yet another embodiment of the invention is a carbon 
nanotubefelastomer composition further comprising of filler, 
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and where in a molded film comprising the composition has 
a tensile modulus at 5% strain of at least 8 MPa. 

In yet another embodiment of the invention is a carbon 
nanotube fiberfelastomer composite, wherein the carbon 
nanotube fibers are discrete fibers and comprise from about 
10 to about 20 weight percent fibers and wherein the 
elastomer comprises a styrene copolymer rubber. 

In still another embodiment of the invention is a method 
for obtaining individually dispersed carbon nanotubes in 
rubbers and/or elastomers comprising (a) forming a solution 
of exfoliated carbon nanotubes at pH greater than or equal 
to about 7, (b) adding the solution to a rubber or elastomer 
latex to form a mixture at pH greater than or equal to about 
7, (c) coagulating the mixture to form a concentrate, (d) 
optionally incorporating other fillers into the concentrate, 
and (e) melt-mixing said concentrate into rubbers and/or 
elastomers to form elastomeric composites. In this embodi 
ment the carbon nanotubes comprise less than or equal to 
about 2 percent by weight of the solution. A further embodi 
ment is that the coagulation step comprises mixing with 
acetone. In another embodiment, the coagulation step com 
prises drying the mixture. In yet another embodiment the 
coagulation step comprises adding at least one acid to the 
mixture at pH less than or equal to about 4.5 together with 
at least one monovalent inorganic salt. In another embodi 
ment, the mixture has divalent or multivalent metal ion 
content of less than about 20,000 parts per million, prefer 
ably less than about 10,000 parts per million and most 
preferably less than about 1,000 parts per million. 

Another aspect of this invention are coagulating methods/ 
agents are those that enable the carbon nanotube to be 
non-ordered on the surface of the elastomer latex particle 
and together are substantially removable from the liquid 
mixture. A further aspect of this invention is a method to 
reduce or remove Surfactants in the latex/carbon nanotube 
fiber composite system organic molecules of high water 
solubility Such as acetone, denatured alcohol, ethyl alcohol, 
methanol, acetic acid, tetrahydrofuran. Another aspect of 
this invention is to select coagulating methods that retain 
surfactant in the latex/carbon nanotube 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, air drying, air spraying, 
steam stripping and high speed mechanical agitation. 

Yet another embodiment of the invention is an individu 
ally dispersed carbon nanotube/rubber or carbon nanotube/ 
elastomer concentrate comprising free flowing particles or a 
bale. A further aspect of this invention is an individually 
dispersed carbon nanotube/rubber or carbon nanotube/elas 
tomer concentrate comprising free flowing particles or a bale 
wherein the concentrate contains a concentration of less than 
20,000 parts per million of divalent or multivalent metal salt. 

Another embodiment of the invention is an individually 
dispersed carbon nanotube/rubber or carbon nanotube/elas 
tomer concentrate comprising free flowing particles or a bale 
wherein the concentrate contains agglomerations of carbon 
nanotubes that comprise less than 1 percent by weight of the 
concentrate and wherein the carbon nanotube agglomerates 
comprise more than 10 microns in diameter. An embodiment 
of the invention is a composite comprising the concentrate. 

In another embodiment, the elastomer nanotube fiber 
composition, particularly materials made from elastomers 
commonly called either natural or synthetic rubber or rubber 
compounds (with the addition of fillers such as carbon or 
silicon) includes wherein the fiber surface modifier or sur 
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4 
factant is chemically or physically (or both) bonded to the 
elastomer and/or the isolated fibers or the filler in the 
compounds. 

In another embodiment, the material-nanotube fiber com 
position includes wherein the fiber surface modifier or 
surfactant is chemically bonded to the material and/or fiber. 
As an example, oleylamine (1-amino-9-octadecene) can be 
reacted with carbon nanotubes containing carboxylic groups 
to give the amide. On addition of the amide modified carbon 
nanotube fiber to a vinyl containing polymer material Such 
as styrene-butadiene followed by addition of crosslinking 
agents comprising Such as peroxides or Sulfur, the vinyl 
containing polymer can be covalently bonded to the amide 
functionality of the carbon nanotube. 

In one embodiment of this invention a method is disclosed 
in which the elastomer/carbon nanotube concentrate is dis 
persed first into another elastomer or thermoplastic to a 
uniform consistency before addition of other additives such 
as other fillers and additives, including carbon black, silica, 
graphene, oils and antioxidants. 

Another embodiment of this invention is a method of 
mixing carbon nanotubes and at least one first elastomer, 
wherein a master batch of carbon nanotubes is first melt 
mixed with the elastomer, either the same or different from 
the first elastomer, at a temperature from about 20 to about 
200°C., subsequently then additional elastomers, fillers, and 
additives are added and melt mixed further, to produce a 
composition Suitable for Vulcanization. A solvent can be 
added to facilitate mixing which can be removed after the at 
least one first elastomer, wherein a master batch of carbon 
nanotubes is first mixed with the elastomer, or after all 
ingredient are added and mixed. 
The exfoliated carbon nanotube fibers of this invention 

impart significant strength and stiffness to the materials. 
These new elastomer nanotube filler materials can improve 
the frictional, adhesive, cohesive, noise and vibration, roll 
ing resistance, tear, wear, fatigue and crack resistance, 
hysteresis, large strain effects (Mullins effect), small strain 
effects (Payne effect) and oscillation or frequency properties 
and Swelling resistance to oil of the elastomers and elasto 
mer compounds. This change in properties will be beneficial 
for applications such as tires or other fabricated rubber or 
rubber compounded parts. 

For a more complete understanding of the present disclo 
Sure, and the advantages thereof, reference is now made to 
the following descriptions describing specific embodiments 
of the disclosure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the following description, certain details are set forth 
Such as specific quantities, sizes, etc., so as to provide a 
thorough understanding of the present embodiments dis 
closed herein. However, it will be evident to those of 
ordinary skill in the art that the present disclosure may be 
practiced without such specific details. In many cases, 
details concerning Such considerations and the like have 
been omitted inasmuch as Such details are not necessary to 
obtain a complete understanding of the present disclosure 
and are within the skills of persons of ordinary skill in the 
relevant art. 

While most of the terms used herein will be recognizable 
to those of ordinary skill in the art, it should be understood, 
however, that when not explicitly defined, terms should be 
interpreted as adopting a meaning presently accepted by 
those of ordinary skill in the art. In cases where the con 
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struction of a term would render it meaningless or essen 
tially meaningless, the definition should be taken from 
Webster's Dictionary, 3rd Edition, 2009. Definitions and/or 
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 necessary for maintaining validity. 

Functionalized carbon nanotubes of the present disclosure 
generally refer to the chemical modification of any of the 
carbon nanotube types described hereinabove. Such modi 
fications can involve the nanotube ends, sidewalls, or both. 
Chemical modifications may include, but are not limited to 
covalent bonding, ionic bonding, chemisorption, intercala 
tion, Surfactant interactions, polymer wrapping, cutting, 
Solvation, and combinations thereof. In some embodiments, 
the carbon nanotubes may be functionalized before, during 
and after being exfoliated. 

In various embodiments, a plurality of carbon nanotubes 
is disclosed comprising single wall, double wall or multi 
wall carbon nanotube fibers having an aspect ratio of from 
about 25 to about 500, preferably from about 60 to about 
200, and a oxidation level of from about 3 weight percent to 
about 15 weight percent, preferably from about 5 weight 
percent to about 10 weight percent. The oxidation level is 
defined as the amount by weight of oxygenated species 
covalently bound to the carbon nanotube. The thermogra 
vimetric method for the determination of the percent weight 
of oxygenated species on the carbon nanotube involves 
taking about 5 mg of the dried oxidized carbon nanotube and 
heating at 5° C./minute from room temperature to 1000 
degrees centigrade in a dry nitrogen atmosphere. The per 
centage weight loss from 200 to 600 degrees centigrade is 
taken as the percent weight loss of oxygenated species. The 
oxygenated species can also be quantified using fourier 
transform infra-red spectroscopy, FTIR, particularly in the 
wavelength range 1730-1680 cm. 

The carbon nanotube fibers can have oxidation species 
comprising of carboxylic acid or derivative carbonyl con 
taining species and are essentially discrete individual fibers, 
not entangled as a mass. The derivative carbonyl species can 
include ketones, quaternary amines, amides, esters, acyl 
halogens, monovalent metal salts and the like. Alternatively 
or in addition, the carbon nanotubes may comprise an 
oxidation species selected from hydroxyl or derived from 
hydroxyl containing species. 

AS-made carbon nanotubes using metal catalysts such as 
iron, aluminum or cobalt can retain a significant amount of 
the catalyst associated or entrapped within the carbon nano 
tube, as much as five weight percent or more. These residual 
metals can be deleterious in Such applications as electronic 
devices because of enhanced corrosion or can interfere with 
the Vulcanization process in curing elastomer composites. 
Furthermore, these divalent or multivalent metal ions can 
associate with carboxylic acid groups on the carbon nano 
tube and interfere with the discretization of the carbon 
nanotubes in Subsequent dispersion processes. In other 
embodiments, the oxidized fibers comprise a residual metal 
concentration of less than about 10000 parts per million, 
ppm, and preferably less than about 1000 parts per million. 
The metals can be conveniently determined using energy 
dispersive X-ray, EDX. 

In another embodiment, a mixture of master batches using 
different rubbers added to blends of different rubbers used in 
the rubber compound such that each rubber has a master 
batch that is compatible so that the individually dispersed 
nanotubes are distributed whether uniformly or non-uni 
formly in each rubber domain. This is sometimes necessary 
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6 
so that blends of rubbers used in the rubber compound will 
have carbon nanotubes in each rubber component. 
An illustrative process for producing discrete oxidized 

carbon nanotubes follows: 3 liters of sulfuric acid, 97 
percent sulfuric acid and 3 percent water, and 1 liter of 
concentrated nitric acid containing 70 percent nitric acid and 
3 percent water, are added into a 10 liter temperature 
controlled reaction vessel fitted with a sonicator and stirrer. 
40 grams of non-discrete carbon nanotubes, grade Flow tube 
9000 from CNano corporation, are loaded into the reactor 
vessel while stirring the acid mixture and the temperature 
maintained at 30°C. The sonicator power is set at 130-150 
watts and the reaction is continued for three hours. After 3 
hours the viscous solution is transferred to a filter with a 5 
micron filter mesh and much of the acid mixture removed by 
filtering using a 100 psi pressure. The filter cake is washed 
one times with four liters of deionized water followed by one 
wash of four liters of an ammonium hydroxide solution at 
pH greater than 9 and then two more washes with four liters 
of deionized water. The resultant pH of the final wash is 4.5. 
A small sample of the filter cake is dried in vacuum at 100° 
C. for four hours and a thermogravimetric analysis taken as 
described previously. The amount of oxidized species on the 
fiber is 8 percent weight and the average aspect ratio as 
determined by Scanning electron microscopy to be 60. 
The discrete oxidized carbon nanotubes (CNT) in wet 

form are added to water to form a concentration by weight 
of 1 percent and the pH is adjusted to 9 using ammonium 
hydroxide. Sodium dodecylbenzene sulfonic acid and is 
added at a concentration 1.25 times the mass of oxidized 
carbon nanotubes. The solution is Sonicated while stirring 
until the CNT are fully dispersed in the solution. Full 
dispersion of individual tubes is defined when the UV 
absorption at 500 nm is above 1.2 absorption units for a 
concentration of 2.5x10g CNT/ml. Latex SBR LPF 5356 
(Goodyear Rubber Company) with a solids SBR concentra 
tion of 70.2% (by weight) was added to the CNT solution 
such that the solids ratio is 10 parts CNT for 90 parts SBR 
by weight. 

Sulfuric acid is 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 filtrate is a clear 
liquid. The coagulant is dried in a vacuum oven at 40° C. 
overnight. 
Preparation of Aqueous Dispersions Comprising Additives 
According to the Present Invention 
As described above and below, various additives may be 

employed in the aqueous dispersions of discrete, multi-wall 
oxidized carbon nanotubes. If desired, the carbon nanotubes 
may be open on at least one or both ends. In this manner at 
least a portion of the additives that are appropriate in size 
may be contained in the interior of the discrete multi-wall 
carbon nanotubes. Typically, the average diameter of the 
multi-wall nanotube opening is larger than the hydrody 
namic radius of the additive molecules to be contained 
within the interior of the discrete, multi-wall oxidized car 
bon nanotubes. Such average diameters of the multi-wall 
nanotube opening will vary by specific carbon nanotubes but 
may be at least about 1, or at least about 3, up to about 15, 
or up to about 8 nanometers. Typically, representative addi 
tive molecules that fit within representative discrete, multi 
wall oxidized carbon nanotubes are less than 50,000 Dal 
tons, or less than 40,000, or less than 30,000, or less than 
25,000, or less than 20,000 or even less than 17,000 Daltons. 

Such additives may include, for example, various Surfac 
tants or dispersing aids and compounds Such as Sodium 
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dodecyl sulfate, cetyltrimethyl ammonium bromide, poly 
vinyl alcohol, polyalkylene oxide such as polyethylene 
oxide, cellulosics Such as carboxymethyl cellulose, polyac 
ids. Such as polyglycolic acid, polyacrylic acid, and polylac 
tic acid, polyvinylpyrrolidone, various peptides and amino 
acids, as well as proteins, polysaccharides, combinations 
thereof and the like. Other additives include, for example, 
drugs, proteins and compounds such as those described in 
US 2009/0170768 to Tour et al. which is incorporated herein 
by reference. Exemplary additives include, for example, a 
drug molecule, a protein molecule, and combinations 
thereof. Compounds such as a radiotracer molecule, a radio 
therapy molecule, a diagnostic imaging molecule, a fluores 
cent tracer molecule, and combinations thereof may also be 
added. And as described in Tour US 2009/0170768 others 
may “include, but are not limited to, proton pump inhibitors, 
H2-receptor antagonists, cytoprotectants, prostaglandinana 
logues, beta blockers, calcium channel blockers, diuretics, 
cardiac glycosides, antiarrhythmics, antianginals, vasocon 
strictors, vasodilators, ACE inhibitors, angiotensin receptor 
blockers, alpha blockers, anticoagulants, antiplatelet drugs, 
fibrinolytics, hypolipidemic agents, statins, hypnotics, antip 
sychotics, antidepressants, monoamine oxidase inhibitors, 
selective serotonin reuptake inhibitors, antiemetics, anticon 
Vulsants, anxiolytic, barbiturates, stimulants, amphetamines, 
benzodiazepines, dopamine antagonists, antihistamines, 
cholinergics, anticholinergics, emetics, cannabinoids, 5-HT 
antagonists, NSAIDs, opioids. bronchodilator, antiallergics, 
mucolytics, corticosteroids, beta-receptor antagonists, anti 
cholinergics, steroids, androgens, antiandrogens, growth 
hormones, thyroid hormones, anti-thyroid drugs, vasopres 
sin analogues, antibiotics, antifungals, antituberculous 
drugs, antimalarials, antiviral drugs, antiprotozoal drugs, 
radioprotectants, chemotherapy drugs, cytostatic drugs, and 
cytotoxic drugs. In various embodiments of the composi 
tions, the at least one type of payload molecule comprises 
paclitaxel.” 

Such additives may include, for example, dicarboxylic/ 
tricarboxylic esters, timelitates, adipates, sebacates, 
maleates, glycols and polyethers, polymeric plasticizers, 
bio-based plasticizers, and mixtures thereof. In other 
embodiments such additives may include, for example, a 
process oil such as, for example, a process oil selected from 
the group consisting of naphthenic oils, paraffin oils, para 
ben oils, aromatic oils, vegetable oils, seed oils, silicones, 
and mixtures thereof. In other embodiments such additives 
may include, for example, a solvent such as Substituted or 
unsubstituted, halogenated or nonhalogenated hydrocar 
bons. Such solvents may include, for example, Xylene, 
pentane, methylethyl ketone, hexane, heptane, ethyl acetate, 
ethers, carbonates, dicloromethane, dichloroethane, cyclo 
hexane, chloroform, carbon tetrachloride, butyl acetate buta 
nol, benzene, alcohols, and mixtures thereof. In other 
embodiments such additives may include, for example, at 
least one reactive species capable of creating a thermoset 
polymer Such as, for example, epoxy, polyurethane, silicone, 
and mixtures thereof. In other embodiments such additives 
may include, for example, a natural wax, synthetic wax, or 
a mixture thereof. Such waxes may include, for example, 
plant derived, animal derived, petroleum derived, polyeth 
ylene derived and other related derivatives. Such waxes may 
also further comprise Such additives as, for example, a 
fluoroelastomer. In other embodiments such additives may 
include, for example, at least one filler. Such fillers may 
include, for example, a filler selected from silicon, lead, lead 
derivatives, carbon black, graphite, graphene, graphene 
oxides, paramagnetic particles and mixtures thereof. In some 
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embodiments the filler may have at least one dimension less 
than about 20 microns. Such fillers may comprise particles 
of any shape, for example, plates, fibers, cubes, rhomboids, 
spherical, and combinations thereof. 
The amount of additive to be included with the dispersion 

(aqueous or non-aqueous) or other composition of discrete, 
multi-wall oxidized carbon nanotubes will vary depending 
upon the specific additive, the specific carbon nanotubes, 
desired effect, and other parameters. Typically, the amount 
of additive is such that greater than about 10, or greater than 
about 20, or greater than about 25, or greater than about 30, 
or greater than about 40, or greater than about 50, or greater 
than about 55, or greater than about 60, or greater than about 
70, or greater than about 80, or greater than about 99 weight 
percent of the additive is within the interior of the discrete, 
multi-wall oxidized carbon nanotubes that are open on at 
least one or both ends based on the total weight of additive 
in the composition or dispersion. Similarly, the weight 
percent of nanotubes in the dispersion or composition is 
often low based on the total weight of the dispersion or 
composition, e.g., from about 0.01, or 0.1, or 0.3, or 0.5, or 
0.6 up to about 30, or 15, or 10, or 5 or 3, or 1 weight 
percent. In some embodiments such as, for example, when 
an additive is wax, oil, or mixtures, the weight percent of 
nanotubes in the dispersion or composition may be from 
about 15, or from about 18 up to about 25, or 22% by weight 
based on the total weight of dispersion or composition. 
Advantageously, such dispersions or compositions may be 
in the form of, for example, free flowing particles. 
Preparation of the Vulcanizable Composition According to 
the Present Invention: 
A further object of the invention resides in the preparation 

of the Vulcanizable compositions, wherein the elastomer, the 
concentrate of carbon-nanotubes in an elastomer composi 
tion and the cross-linking agent and optionally any of the 
other ingredients of the composition are mixed together. 
Typically the mixing is performed at an elevated tempera 
ture that may range from about 20° C. to about 200°C. The 
mixing may further be performed in the presence of a 
solvent which is then removed after mixing. 

Normally the mixing time does not exceed one hour and 
a time in the range from 2 to 30 minutes is usually adequate. 
The mixing is Suitably carried out in a blending apparatus, 

e.g. an internal mixer Such as a Banbury mixer, or a Haake 
or Brabender miniature internal mixer. A two roll mill mixer 
also provides a good dispersion of the carbon-nanotubes as 
well as of the other optional additives within the elastomer. 
An extruder also provides good mixing, and permits shorter 
mixing times. It is possible to carry out the mixing in two of 
more stages, and the mixing can be done in different 
apparatus, for example one stage in an internal mixer and 
one stage in an extruder. However, it should be taken care 
that no unwanted pre-crosslinking (Scorch) occurs during 
the mixing stage. 
The compounding and Vulcanization may be performed as 

known to any artisan (see e.g. Encyclopedia of Polymer 
Science and Engineering, Vol. 4, p. 66 et seq. (Compound 
ing) and Vol. 17, p. 666 et seq. (Vulcanization)). Typically 
Such Vulcanization is performed at a temperature in the 
range of from 100 to 200° C., preferably 130 to 180° C. In 
one embodiment the preparation of a polymer Vulcanizate 
comprises Subjecting the inventive composition to a Vulca 
nization during injection or extrusion molding. 

Following is an example using styrene butadiene as an 
elastomer with addition of carbon nanotubes of this inven 
tion. 
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Example 1 

The SBR concentrate is melt mixed with additional SBR 
(Lanxess VSL-5052-OHM) to give a final CNT concentra 
tion of 2 percent weight in a Brabender mixer by the 
following procedure. The temperature of the barrel is set to 
115° C. The SBR and master batch is introduced into the 
barrel at a speed of 20-30 rpm. The speed is then increased 
to 50 rpm. Barrel temperature should reach 125° C. When 
the torque has reached a constant value, the speed is 
decreased to 5 rpm and the temperature controller is turned 
off. When the temperature in the barrel is 95°C., the speed 
is increased to 50 rpm. The cure package is added and 
mixing continues for 5 minutes. The cure package consists 
of sulfur 3.5 parts per hundred resin, phr, tetrabutylbenzo 
thioZolsulfonamide 0.75 phr, diphenylguanidine 0.5 phr, 
stearic acid 1.5 phr, N-(1.3 Dimethylbutyl) N'-phenyl-p- 
phenyldiamine 2 phr and Zinc oxide 3 phr. 
A comparative 1 is made as above with the exception that 

no SBR concentrate is added. 
The mixture is then cured under the following procedure 

using a compression 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 /4" pieces and placed in the center 
of mold window Such that it forms a square, occupying % of 
the space. Foil sheets are used between sample and com 
pression plates. Mold release is only used on the mold frame. 
The sample is compressed with pressure less than 10 psi for 
2 minutes. Then, the pressure is increased to 25 tons and 
kept constant for the remaining curing cycle. 

After curing the films are tested in tension at 25°C. using 
a tensile tester with an initial strain rate of 1x10's". 
Engineering Stress is the load divided by the initial cross 
sectional area of the specimen. Strain is defined as the 
distance traversed by the crosshead of the instrument 
divided by the initial distance between the grips. The 100% 
modulus is that value of tensile stress at 100% strain. The 
films are also tested for work done to completely tear the 
specimen by introducing a razor edge notch of dimension 
one half the width and perpendicular to the length of the 
specimen to a tensile specimen. 

TABLE 1. 

Tensile properties of cured SBR without carbon nanotubes (Comp. Ex. 1) 
and SBR with discrete carbon nanotubes (Ex. 1 

Tensile Strength 100% Work done to Tear 
Sample (MPa) Modulus (MPa) (MPa) 

Comparative 1 1.1 O.S1 O46 
SBR 

Example 1 2.26 O.8 0.79 
SBR - 2% wt CNT 

Seen in Table 1, significant improvements in the values of 
tensile strength, 100% modulus and work done to tear are 
gained using 2 percent weight of the carbon nanotubes of 
this invention. These attributes are important elements that 
will lead to improved wear in elastomer composites. 

In another aspect of this invention is a preferred method 
of mixing that results in improved properties wherein the 
master batch of carbon nanotubes is first melt mixed with 
another elastomer then additional rubbers, fillers and addi 
tives are added and melt mixed further to produce a com 
position Suitable for Vulcanization. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Following is an Example of Preferred Mixing 
A comparative example 2 is produced using 3 phr carbon 

nanotubes of this invention, and carbon black filled rubber 
system consisting of 3 melt passes. The first pass was to mix 
the rubber components 60 phr styrene butadiene, SBR 
Lanxess VSL-5025-0HM and 40 phr Natural Rubber CB 60 
grade, and an SBR-carbon nanotubes master batch contain 
ing 10 weight percent carbon nanotubes at about 160° C. 
The second pass was to mix into the first pass products 50 
phr carbon black, type N330, 5 phr processing oil Sundex 
8125, 1 phr antioxidant 6 PPD Santoflex, 3 phr zinc oxide 
and 3 phr stearic acid at about 160° C. The third pass was 
to mix in the Sulfur curing compounds 1.5 phr Sulfur and 1.3 
phr TBBS at about 110° C. Each pass was performed with 
a fill factor of 75% using a Brabender mixer. 

Example 2 

The improved mixing approach is the same as the control 
except the first pass is mixing the SBR with the carbon 
nanotubes master batch for 5 minutes at about 170° C. 
followed by adding the natural rubber at about 160° C. and 
melt mixing for a further 5 minutes. 
The results of testing the materials after curing for 8 

minutes at about 160° C. are provided in Table 2. The tear 
initiation and total tear energy are determined from tear 
specimen ASTM D624-C. 

TABLE 2 

Comparative 2 Example 2 

Tensile Stress at Break (MPa) 18.8 20.6 
Tensile Elongation to Break% 500 52O 
Tear Initiation Energy (MPa) 2.9 3.7 
Total Tear Energy (MPa) 3.3 4.2 

The above table 2 shows that the example of the invention 
(prediluted master batch with specific mixing) obtains 
improved tensile stress at break at over 1.7 MPa, improved 
tear initiation energy at over 0.7 MPa and including 
improved total tear energy at over 0.8 MPa versus the 
comparative example comprising different mixing tech 
niques, proving the utility and inventiveness of the compo 
sitions of the invention. 

Embodiments 

1. A composition comprising a plurality of discrete carbon 
nanotube fibers having an aspect ratio of from about 25 to 
about 500, and at least one natural or synthetic elastomer, 
and optionally at least one filler. 

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 composition of embodiment 1 wherein the nano 
tube fibers are further functionalized. 

4. The composition of embodiment 1 wherein the carbon 
nanotube fibers comprise an oxidation level from about 3 
weight percent to about 15 weight percent. 

5. The composition of embodiment 1 wherein the carbon 
nanotube fibers comprise from about 1 weight percent to 
about 30 weight percent of the composition. 

6. The composition of embodiment 1 in the form of free 
flowing particles. 

7. The composition of embodiment 1 further comprising 
at least one Surfactant or dispersing aid. 

8



US 9,636,649 B2 
11 

8. The composition of embodiment 1 wherein the natural 
or synthetic elastomer is selected from the group consisting 
of natural rubbers, polyisobutylene, polybutadiene and sty 
rene-butadiene, butyl rubber, polyisoprene, ethylene propyl 
ene diene rubbers and hydrogenated and non-hydrogenated 
nitrile rubbers, polyurethanes, polyethers, silicones, halogen 
modified elastomers, especially chloroprene and fluoroelas 
tomers and combinations thereof. 

9. The composition of embodiment 1 wherein the fibers 
are not entangled as a mass. 

10. A process to form a carbon nanotube fiberfelastomer 
composite comprising the steps of 

(a) selecting discrete carbon nanotube fibers having an 
aspect ratio of from 25 to 500, 

(b) blending the fibers with a liquid to form a liquid/fiber 
mixture, 

(c) optionally adjusting the pH to a desired level, 
(d) agitating the mixture to a degree Sufficient to disperse 

the fibers to form a dispersed fiber mixture, 
(e) optionally combining the dispersed fiber mixture with 

at least one Surfactant, 
(f) combining the dispersed fiber mixture with at least one 

elastomer at a temperature Sufficient to incorporate the 
dispersed fiber mixture to form a carbon nanotube 
fiber/elastomer composite/liquid mixture, 

(g) isolating the resulting carbon nanotube fiber/elastomer 
composite from the liquid. 

11. The process of embodiment 10 wherein the carbon 
nanotube fibers comprise from about 1 to about 30 weight 
percent of the fiberfelastomer composite of (g). 

12. The process of embodiment 10 wherein the liquid is 
aqueous based. 

13. The process of embodiment 10 wherein the agitating 
step (d) comprises Sonication. 

14. The process of embodiment 10 wherein the elastomer 
is selected from the group consisting of natural rubbers, 
polyisobutylene, polybutadiene and styrene-butadiene rub 
ber, ethylene propylene diene rubbers, butyl rubber, poly 
isoprene and hydrogenated and non-hydrogenated nitrile 
rubbers, polyurethanes, polyethers, halogen containing elas 
tomers and fluoroelastomers and combinations thereof. 

15. The composition of embodiment 1 further comprising 
sufficient natural or synthetic elastomer to form a formula 
tion comprising from about 0.1 to about 25 weight percent 
carbon nanotube fibers. 

16. The composition of embodiment 1 in the form of a 
molded or fabricated article. Such as a tire, a hose, a belt, a 
seal and a tank track. 

17. The composition of embodiment 1 further comprising 
carbon black and/or silica and wherein a molded film 
comprising the composition has a tensile modulus at 5% 
strain and 25 degrees C. of at least about 12 MPa. 

18. The composition of embodiment 1 further comprising 
carbon black and/or silica, and wherein a molded film 
comprising the composition has a tear property at 25 degrees 
C. of at least about 0.8 MPa. 

19. The composition of embodiment 1 further comprising 
filler, and wherein a molded film comprising the composi 
tion has a tensile modulus at 5% strain and 25 degrees C. of 
at least about 8 MPa. 

20. A carbon nanotube fiberfelastomer composite, 
wherein the carbon nanotube fibers are discrete fibers and 
comprise from about 10 to about 20 weight percent fibers 
and wherein the elastomer comprises a styrene copolymer 
rubber. 

21. A method for obtaining individually dispersed carbon 
nanotubes in rubbers and/or elastomers comprising (a) form 
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ing a solution of exfoliated carbon nanotubes at pH greater 
than or equal to about 7, (b) adding the solution to a rubber 
or elastomer latex to form a mixture at pH greater than or 
equal to about 7, (c) coagulating the mixture to form a 
concentrate, (d) optionally incorporating other fillers into the 
concentrate, and (e) melt-mixing said concentrate into rub 
bers and/or elastomers to form elastomeric composites. 

22. The method of embodiment 21 wherein the carbon 
nanotubes comprise less than or equal to about 2% wt of the 
Solution. 

23. The method of embodiment 21 wherein the coagula 
tion step (c) comprises mixing with organic molecules of 
high water Solubility Such as acetone, denatured alcohol, 
ethyl alcohol, methanol, acetic acid, tetrahydrofuran that 
partially or wholly removes surfactants form the latex/ 
carbon nanotube fiber concentrate. 

24. The method of embodiment 21 wherein the coagula 
tion step (c) comprises drying, steam Stripping or mechani 
cal agitation of the mixture to fully retain Surfactants from 
the latex/carbon nanotube fiber concentrate. 

25. The method of embodiment 21 wherein the coagula 
tion step (c) comprises adding a polymeric coagulating 
agent, preferably polyethylene oxide. 

26. The method of embodiment 21 wherein the coagula 
tion step (c) comprises adding at least one acid to the 
mixture at pH less than or equal to about 4.5 together with 
at least one monovalent inorganic salt to retain Surfactants 
from the latex/carbon nanotube fiber concentrate. 

27. The method of embodiment 21 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 embodiment 21 wherein the mixture or 
concentrate has a divalent or multivalent metal ion content 
of less than about 10,000 parts per million. 

29. The method of embodiment 21 wherein the mixture or 
concentrate has a divalent or multivalent metal ion content 
of less than about 1,000 parts per million. 

30. The method of embodiment 21 wherein the coagula 
tion step (c) is such that agglomerations of carbon nanotubes 
comprise less than 1 percent weight of the concentrate and 
wherein the carbon nanotube agglomerates comprise more 
than 10 microns in diameter. 

31. An individually dispersed carbon nanotube/rubber or 
carbon nanotubefelastomer concentrate comprising free 
flowing particles wherein the concentrate contains a con 
centration of less than 20,000 parts per million divalent or 
multivalent metal salt. 

32. An individually dispersed carbon nanotube/rubber or 
carbon nanotubefelastomer concentrate comprising free 
flowing particles wherein the concentrate contains agglom 
erations of carbon nanotubes that comprise less than 1 
percent by weight of the concentrate and wherein the carbon 
nanotube agglomerates comprise more than 10 micrometers 
in diameter. 

33. A composite comprising the concentrate of embodi 
ments 31 or 32. 

34. A method of dispersing the individually dispersed 
carbon nanotube/rubber or carbon nanotubefelastomer con 
centrate into an elastomer by first melt mixing the elastomer 
and concentrate to a uniform consistency before addition of 
other fillers and oils. 

35. The composition of embodiment 5 comprising a 
mixture of natural and synthetic elastomers such that each 
elastomer is compatible with at least one of the elastomers 
such that the nanotubes are individually dispersed in the 
mixture of elastomer(s). 
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36. The composition of embodiment 35 wherein at least 
one of the elastomers does not comprise nanotubes. 

37. A composition comprising one first elastomer and 
nanotubes, another different second elastomer and nano 
tubes, and yet another third elastomer which does not 
comprise nanotubes. 

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

39. A composition of (A) elastomers, fillers and discrete 
carbon nanotubes wherein to maintain or increase stiffness 
or hardness as compared to (B) a composition not containing 
discrete carbon nanotubes, wherein composition (A) has less 
filler content than (B). 

40. A composition of embodiment 39 wherein 1x parts per 
hundred elastomer discrete carbon nanotube of composition 
(A) replaces 5x parts per hundred elastomer or more of the 
non-carbon nanotube filler of composition (B), where x is 
O.1-15. 

41. A method of mixing carbon nanotubes and at least one 
first elastomer, wherein a master batch of carbon nanotubes 
is first melt mixed with the elastomer, either the same or 
different from the first elastomer, at a temperature from 
about 20 to about 200° C. subsequently then additional 
elastomers, fillers, and additives are added and melt mixed 
further, to produce a composition Suitable for Vulcanization. 

42. A method of mixing carbon nanotubes and at least one 
first elastomer, wherein a master batch of carbon nanotubes 
is first mixed with the elastomer, either the same or different 
from the first elastomer, at a temperature from about 20 to 
about 200° C. and in the presence of at least one solvent, 
then the at least one solvent is removed, Subsequently and 
optionally additional elastomers, fillers and additives are 
added and mixed further to produce a composition Suitable 
for Vulcanization. 

43. A method of mixing carbon nanotubes and at least one 
first elastomer, wherein a master batch of carbon nanotubes 
is first mixed with the elastomer, either the same or different 
from the first elastomer, at a temperature from about 20 to 
about 200° C. and in the presence of at least one solvent, 
Subsequently and optionally additional elastomers, fillers 
and additives are added and mixed further, followed by 
Solvent removal to produce a composition Suitable for 
Vulcanization. 
The invention claimed is: 
1. A dispersion comprising a plurality of oxidized, dis 

crete carbon nanotubes and at least one additive, wherein the 
oxidized, discrete carbon nanotubes have an aspect ratio of 
25 to 500, are multiwall, and are present in the range of 
greater than Zero to about 30% by weight based on the total 
weight of the dispersion. 

2. The dispersion of claim 1 wherein at least 70 percent by 
weight of the nanotubes are discrete. 

3. The dispersion of claim 1 in the form of free flowing 
particles. 

4. The dispersion of claim 1 wherein the oxidized, discrete 
carbon nanotubes comprise an oxidation species selected 
from carboxylic acid or a derivative carbonyl containing 
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species wherein the derivative carbonyl species is selected 
from ketones, quaternary amines, amides, esters, acyl halo 
gens, and monovalent metal salts. 

5. The dispersion of claim 1 wherein the oxidized, discrete 
carbon nanotubes comprise an oxidation species selected 
from hydroxyl or derived from hydroxyl containing species. 

6. The dispersion of claim 1 wherein the oxidized, discrete 
carbon nanotubes are present in the range of 15% to about 
25% by weight based on the total weight of the dispersion. 

7. The dispersion of claim 1 wherein the oxidized, discrete 
carbon nanotubes are present in the range of 18% to about 
22% by weight based on the total weight of the dispersion. 

8. The dispersion of claim 1, wherein the additive is 
selected from the group consisting of dicarboxylic/tricar 
boxylic esters, timellitates, adipates, sebacates, maleates, 
glycols and polyethers, polymeric plasticizers, bio-based 
plasticizers, and mixtures thereof. 

9. The dispersion of claim 1, wherein the additives is a 
process oil. 

10. The dispersion of claim 9, where in the process oil is 
selected from the group consisting of naphthenic oils, par 
affin oils, paraben oils, aromatic oils, vegetable oils, seed 
oils, silicones, and mixtures thereof. 

11. The dispersion of claim 1, wherein the additive is a 
solvent. 

12. The dispersion of claim 11, where in the solvent is 
selected from the group consisting of Substituted or unsub 
stituted, halogenated or nonhalogenated hydrocarbons. 

13. The dispersion of claim 1, wherein the additive 
comprises at least one reactive species capable of creating a 
thermoset polymer. 

14. The dispersion of claim 13, wherein the thermoset 
polymer is selected from epoxy, polyurethane and silicone. 

15. The dispersion of claim 1, wherein the additive 
comprises natural wax, synthetic wax, or mixtures thereof. 

16. The dispersion of claim 15 further comprising a 
fluoroelastomer. 

17. The dispersion of claim 1 which further comprises at 
least one filler. 

18. The dispersion of claim 17, wherein the filler has at 
least one dimension less than about 20 microns. 

19. The dispersion of claim 18, wherein the filler is 
selected from silicon, lead, lead derivatives, carbon black, 
graphite, graphene, graphene oxides, paramagnetic particles 
and mixtures thereof. 

20. A dispersion comprising a plurality of oxidized, 
discrete carbon nanotubes and at least one wax additive and 
at least one fluoroelastomer, wherein the discrete carbon 
nanotubes have an aspect ratio of 25 to 500, are multiwall, 
and are present in the range of greater than Zero to about 
30% by weight based on the total weight of the dispersion. 

21. The dispersion of claim 15 which further comprises a 
crosslinking agent. 

22. The dispersion of claim 15 wherein the additive 
comprises natural wax wherein the natural wax is plant 
derived. 

23. The dispersion of claim 22 which further comprises a 
crosslinking agent. 
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