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AIR FILTERS WITH FUNCTIONALIZED
NANOTUBE COMPOSITIONS TO CONTROT.
PATHOGENS SUCH AS SARS COV-2
(CORONAYIRUS)

CROSS REFERENCE TO RETATED
APPLICATTONS

This application is a continnation-in-part of 1.5, Ser. No.
16/871.994 (iled May 110 2020 which application cluims
poority w0 U8, provisional applicution Nos. 63006486
{iled on Apr. 7. 2020 and 63012311 {iled Apr. 20, 2020
This application s related w0 VS Pat. Nos. 10414656,
4842922, 4.644.045: 1.8, Ser. No. 13/164.456, filed Jun.
20. 2011, and s progeny: sud U8, Ser. No. 13/140.029.
filed Aug. 9. 20110 and its progeny. the disclosures of cuch
of which is mcorporated herem by reference.

FIELD OF INVENTION

The present mvenion 1 directed 1o air (llers comprising
novel discrete carbon nanotbe compositions having tar-
goled oxidation levels and/or content. and {ormuolations
thereol. such as with sucfactants. The air fillers are especially
usehal in (iltering und trapping proteins. vimses and the ike.

BACKGROUNID AND SUMMARY OF T
INVENTION

Carbon nanotubes can be classified by e number of

walls in the wbe. smple-wall. double wall and mulizwall.
Carbon nanotubes are currenily manufactored as agglomer-
uted nanotube balls. bundles or lorests atuched w substrates.
Use of carbon noanotabes as o reinloreing apent e clasto-
meric, thermoplasie or thermoset polymer composties is an
arca . which carbon nanotubes are predicied 1o have
significant wility. [However, miilization of carbon nanotubes
in these applications as been hawpered due w0 the general
inability 1w reliubly produce mdividualized carbon nano-
bes and the ability o disperse the mdividualized carbon
nanotubes 0 a polymer mairx. Bosnvak et al., m various
patent applications {c.g.. US 2012-0183770 Al sud US
20110294013 ALY have made discrete carbon nanotubes

through Judicious and substantiolly  simultuncous use of

axidation and shear lorces, thereby oxadizmg both the mner
and oner surbace of (he nanolubes, typically o approxi-
mately (e sume oxidation level o the uner sud outer
surfaces. resulting in individual or discrete wbes,

The present invention diffors from those carlior Bosnyak
et al. appheations and disclosures. The preseni mvenion
duseribes o composition of discrete, individualized carbon
nanotubes hoving targeted. or selective. oxidation levels
unelfor content on the exterior andéor iterior of the be
walls. Such novel carbon mmotubes can have littde 10 no

inner tobe surface oxidation. or diflering amomnds andior s

ypes of oxidation between the wbes”™ hwer and outer
surfaces. ‘These new discrete wbes are uselnl o mony
applications. ncluding such chemical such as Surlactams.
which can then be used as an additive 1 compounding and
formulation of clastomeric. thermoplastic and thermoset
composite for nmprovement of mechanical. clecteical and
thermial propertcs.

One embodiment of the present invention is @ woven or
nowoven babric. each comprising at least one layer having
at least one surface. wherein the at Jeast one layer comprises
u composioon comprising o plurality ol discrete carbon
nanotubes. wherein the discrete carbon nanotubes comprise

e
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an interior and exterior surlace. the interior surluce com-
prising an inlerior surlzce oxadized species content and the
exierior surlace comprismg an exterior surfhce oxidized
spectes conlent. wherem the nterior surlbee oxidived spe-
cies comtent differs from the exterior surlace oxadived spe-
cies comtent by w least 20%. aud as high as 100%. Preler-
ably. the nonwoven labric comprises al least one member
{rom the group consisting of spuabonded fabric. thermally
bonded staple fiber. spunlaced Fabric. and melt blown labric.

The Fabric con comprise at least one thermoplastic poly-
wwer selected from the group consisting of polypropylene.
polyethylene. polyethylene terephihalae, and oylon. Pref-
crably. the spunbonded thbric comprises at least two layers.
Pach luyer of the spunbonded Tabric prelerably comprises
polypropylenc,

The plorality of discrete carbon nanotubes in the spun-
bonded fabric prelerably has a surlactant in contact with al
least a portion of a surface of the nanotubes. especially when
the surlsctant compnses polyviny] alcohol i comact with at
least a porton of a surface of the nanotabes.

The spunbonded fabric is especially preferred comprising
at least 3 Javers.

The spunbonded ubric ol claim 8 wherein the at least one
laver cowprises gt least one terior layver of the uboe. but
thwe nunotabes anly contact an ntenor luyer.

Giher embodiments include a filication mask comprising
the spunbonded fabric. 8 wipe comprising the fabrics. a {ilter
comprising the spunbonded labre.

Another embodinent is o method ol liltering 8ARS
CoV-2 comprising contacting the SARS CoV-2 with the
mask disclosed herein especially wherein the interior layer
of the labric is copled with the nunotnbe composition vsing
a couating technigue such as spraving.

The ploraiity ol discrete carbon nanotubes con comprise
a plorality of open-ended tubes, and/or wherein the mierior
surface oxidized species content s less than the oxterior
surface oxidized species conlent. the composiiion conpris-
g o plurality of discrete corbon nonetabes. wherein the
discrete carbon nanotubes comprise an interior aid exterior
surlace. cach surface comprising an interior surface oxidized
species content and an exienor surlace oxidized species
content. wherem the interior surlace oxidized species con-
tent ditlers o the exterior surkace oxidived species con-
tent by at Jeast 20%. and as high as 100%. preierably
wherein the mienor surlace oxidised species conlent 15 less
than the extertor surlhce oxudized specios content.

Thwe interior surlsce oxidized species content con be up 1o
3 weight percent relutive 1o carbon panotube weight. prel-
erably from about (.01 10 about 3 weight percent relative (o
carbon nanotnbe weight. more prelerably from about (.01 10
about 2. most preferably from abont 001 w0 about 1.
Vispectaliy prelerred interior surface oxadized specics con-
tent is from wero 0 about 0.01 weight percent relatve 1o
carbon nanoiube weight.

The exterior surface oxidized spocies content can be from
about 1 10 about 6 weiglt pereent relative o curbon none-
tibe weight, preferably (rom abomt 1w about 4. more
preferably irow about 1o about 2 weiglt pereent relative w
carbon nanotube weight. This 15 determined by comparing
ihe exienor oxidized species content {or a given plurality of
nanotabes agmnst the wtal weight of that plurality ol nano-
tuibes.

The inlenor and exterior surlace oxidized species content
wials can be from abont 1 o about & weight percent relative
0 carbon nanotube weight, or from about 1 to about 7
weight pereent relative 1o carbon nanotabe weight. or from
about 1 10 about 5 weiglt pereent relative o curbon none-
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wbe weight, or frow about 1w about 3 weight percent
relative to carbon nanotnbe weight. or {rom about 0.5 0
abont 1.5 weight percent relative (o carbon nanotube weight.

Another embodiment of the invention s a composition
comprising o plarality of diserete carbon nanotbes. wherein
the diserele curbon uanotubes comprise an interior and
exterior surface. cach surface comprising an interior surface
and an exicrior suriace oxidized spocies content. wherein the
interior surface oxidized species contenl compnses from
about .01 w less than sbout 1 pereeit relutive © carbon
nanotube weight and the exterior surluce oxidized species
conient comprises more than about 1 1o about 3 percent
relative o carbon nanotube weight.

The discrete carbon nonotubes of either composition
cinbodiment above prelerably comprise o plarality ol open-
ended tubes, more preferably the plorality ol discrete carbon
nanotubes comprise a plarality of open-ended fubes. The
discrete carbon nunoiubes of either composition embodi-
ment above are especially prefemred wiherein the ler and
outer surlace oXidation diflerence 1s at feust about 0.2 weigin
percent.

The composiions described herein can be used as an on
transport. Vaoous species or classes of compounds/drogs!
chiemicals which demonstrate this 1on transport effect can be
used. including iowie. some non-iomc compounds. hydro-
phobic or hydrophilic compounds.

The new carbon panoinbes disclosed herem are also
usehal in ground water remediation.

The compositions comprising the novel discretwe targeted
axidized carbon nanoinbes and also be nsed as a component
. OF 45, @ SCNSOE

The composinons disclosed herein can also be nsed as a
component i or as. drog delivery or controlled release
Formulations,

Iy some embodiments. he composinons disclosed heron
can be wsed a5 2 component m. or as. payload molecnle
delivery or drug delivery or controlled release formnlations.
I particulur various drogs. including smail melecule thera-

peutics. peptides. nucleie sewds. or combmations thereol

may be loaded onto nanotubes and delivered (o specilic
locations. Discrete carbon nanotubes may be wsed o help
sl molecnles/pepudes/nacicic acids that are cell mweim-
brune impermeable or otherwise have diflicalty crossing thwe
cell membrane o pass twough the cell wewbrane inw thw
interror of a cell. Once the small molecule/peptide/nucloc
acid has crossed the cell membrane. it may become signifi-
cautly more cllective. Small melecules are defined herein as
having o molecular weight ol about 5300 Dalons or less.
The pro-apoptotic peptide K1LAKLAK 15 known to be cell
membrane impermeable. By loading the peptide onto dis-
crete carbon nanotubes KELAKD AK s able o cross the cell
membrane of | NCal® homan prostate cancer celis and trig-
gor apoplosts. The Kl AKLAK-discrete carbon nunotobe
construet can lead (o the apoptosis of up to 100% of targeted
[.NCal* human prosiaie cancer cells. Discrete carbon nano-
wbes may alse be uselul Jor delivering other simall mol-
ceules/peptides/macleic wewds seross the cell membranes ol
wide variety ol other cell types. Discrete corbon nanotubes
may be arranged (o have o high loading clliciency. thereby
cnabling the delivery of gher quantities of drugs or pep-
tides, {n some instances. s transport across e cell meimn-
brune may b sccownplished withont the need lor targetng or
permeation moieties 10 md or enable the transport. [n other
instances, the discrete carbon nanotubes may be conjugated
with a targeting motety (ex. pepiide. chenneal hgand. ant-
body ) 1n order o assist with the direction ol o drug or small
malecnle/peptide/nucicic scid towards a specilic turget. | s-
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crete carbon panotubes ulone are well wlerated and do ot
mdependently trigper apoptosis.

Peptides, small molecules, and nucleic acids and other
drugs may be attached io the exterior of the discrete carbon
nanatabes via Van der Waals, 1ome. or covalent bonding, As
discussed. the level of oxadaton may be controdied m order
o promode a specific imerction for a given drog or small
moleenle/pepiideinucleic acid. [n some instances, drugs or
peptudes that are sulficiently  small may localize o the
nerior ol discrete carbon nanotubes. The process lor (lling
thwe mtenor or discrete carbon nanotubes may ke place at
many emperatures. including at or below room lemperature.
n some mstances. the discreie carbon nanotubes may be
filled w0 capucity 1 as linde as 60 winutes with both small
and lurge molecule drugs.

The payload molecule can be selected from the group
consisting ol a drug molecule, a radiotrcer molecule, a
radiotherapy molecule, dingnostic imaging molecule, {uo-
reseent tracer molecule. o prowin maelecuie. and combina-
tons wereol

Lxemplary types of payload molecules that may be cova-
lenily or non-covalently associated with the discrele func-
tonalized carbon nunotabes disclosed herein may include.
bt are not binited W proton pump inlubioers. 1{2-receplor
antagoinsts. cvtoprotectants. prostaglondin analogues. beta
blockers. calcim chumne! blockers, dwretics, cardiae gly-
cosides,  antardhythmics,  antanginals,  vasoconsinciors.
vasodilators, ACH inhibitors. angiotensin receplor blockers.
alpha blockers. anticougulants, sutiplatelet deugs. libonelyt-
ws. hypolipidemic agenis. statns, hypnotics, anupsychotics,
antidepressants. monoamine oxidase inhibiors, selective
serotonin reuplake mhnbitors, anbemetics. anticonvolsants,
anxiolytic. burbiwrates. stimnlants. amphetaines. bearzo-
divrepines. dopamine aitagomsts. antihistamines. cholin-
ergics.  antichohnergies.  emetics. cannabinoids. 3117
antagonmsts, NSAIDs, opiowds. bronchodilator, antallergics,
mncolviics, corticosieroids. beta-recepior antagomsis, anti-
cholinergics. steroids. androgens.  antiandrogens. growth
hormones. thyroid onueaes. anti-thyrowd drogs. vasopres-
sin analogues,  antibiotics.  antifongals.  antituberculous
drgs, antimalarials, antiviral drogs. antprotorzoal drgs,
radioprotectants. chemotherapy drogs. eviostatic drugs. und
eviotoxic drogs such as puclituxel.

Batteries compasing the compositions disclosed herein
are also vselol. Such baiteries inclhude lillnom. mckel cad-
minm. or lead acid types.

Farmulations  comprising the compositions  disclosed
herein can lurther comprise an cpoxy. o polyurethane. or an
clastomer. Such formulations c¢an be in the form of a
dispersion. The {ormuolations can also include nanoplate
stmcinres.

The compositions con farther comprise at least one hivdro-
phobic waterial in contact with at least one interior surface.

The present invention relmes 1o a composition comprising
a plurality of discrete carbon nanotbes and wherein the
curbon panotubes are lunclionalized with oxygen specics on
their outermost wall surkace. The discrete corbon nanotubes
comprise an dintenor and exterior surfuce. cach suriace
comprising an interior surface and exterior surface oxidized
species content wherein the mierior surface oxidized species
content comprises Trom about 001 @ less than about 1
pereent relative W carbon nanotnbe weight and the exterior
surface oxidized species content comprises more than abont
1 10 about 3 percent relative to carbon nanotube weght and
a surfactant wherem the discrete carbon nanotubes have an
aspect ratio of 1) o about 500, In some embodiments at Jeast
a portion of the diserete carbon nanotube fibers are open
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cied. prelerably whercin 409 w0 90% by number of thw
carbon nanoiubes have an aspect ratio of 30-70. and more
preferably aspect ratio of 40-60, and 1% (0 30% by number
ol aspect ratio 80-140. most preferably an aspect ratio of 90
o 1200 In staustics. o bunoedal distribution 1s o continnous
probubility distribution with two different mmodes. These
appear as distinct peaks (local maxima) m the probability
density lonction. More penerally, & muliimodal distribution
is u continnous probuability distnbution with (wo or more
modes. The discrete carbon ponotubes can have o annmodal.
bunodal or multinedal distribution of diameters andfor
lenpihs. For example. ihe discrete carbon nanotbes can
have a bimodal distribution of diameters wherein one of the
peak values ol divineter is i the range 2 w0 7 nanoweters and
the other peak value s in the range 10 10 40 napomelers.
Likewise, the lengths of ihe discrele carbon nanotubes can
have o bimodal distiibuiton such that one peak has o
maximm value i the range of 150 10 800 nanomeiers and
the second peak has o maxiwuom valoe in the raoge 1000w
3000 nunometers.

The oxygen species can comprise carboxylic acuds, phe-
nols. or combmations thercoll

The composition can forther comprise o surfactant
selected from the group consisting of Surfactonts as used
herein iclude componnds that lower the surlice tension {or
interlacial tension) between two liguids, betwoeen a gas and
a liquid. or between a liguid and a solid. Surfactants may act
as detergents. welting agents. emulsifiers. louming agents.
und  dispersats, Suntable  surfactonts may include. for
example. bio-compatible surfaciants selected from the group
consisting of polylactic acids, polyviny] alcobols, polyeih-
viene oxides. polyelveolic acid. polyvinylpyrrolidone, poly-
acrvlic aeids. carboxy miethy] cellulose. peptides. polysac-
charides. proteins  sud  combinations  thereol.  Suiable
surkactants may inclode, bui are not limiled o, PLA (poly-
lactic acid). PYVOIT (polyviny! alcohol). PLO (polyethylene
axide), PGLA (polvelveolic acid), CMO (carboxymethy!
cellulose). PV polvvinvipyrrolidone. PAA polyacrylic scid.
uminoucids. pepudes. polysaccharides and proteins {c.g..
albumin ad maxtores thereol. Virns and other pathogens
are more or less attracied o ihe varymng surfaciants.

In yer another embodiment e composition is Tunther
comprises an inorgaiic filler selected from the group con-
sisting of silica. nano-clays. carbon bluck. graphene. glass
{ibers, and mixtures thereol.

I anothier embodiment the composition is in the fora of
free Mowing particles.

In another embodiment. the composition comprises o
plurality of discrete carbon nanotubes and a plasticivzer
wherein the discrete carbon nanotubes comprse from about
10 weight percent 1o about 90 weight percent. prelerably 10
weiglt pereent (o 40 weight pereent. maost preferably 10w
20 weight pereent.

I another embodiment is a process 1o form a composition
comprismg discrete carbon nanotubes in a plasticizer com-
posiig the steps ol a) selecting a plurality of discrete carbon
nanotubes huving an average aspect ratio ol rom about 10
o about 300, and an exadatve species content 1otal level
from abount | o about 15% by weight. b) suspending the
discrete carbon nanoinbes 1 an agueons medium (waler) at
u nanetube coucentration from about 1% (o about 10% by
weight W Jorm an agqueons medivnyiunotabe slurry. ¢}
mixing the carbon nanotube/agueous medinm (e.p.. water)
slurry with ot least one surlactant ol @ temperalure from
abont 30" ¢ o abont 100° . for sufficient time that the
carbon nanotubes nugrate from the water W the plasticizer wo
form o wet nauolbe/plasticizer nixiure. ¢ separating the
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waler from the wet carbon panotube/plasticizer mixture W
form o dey nanotube/plasiicizor mixiure, and {) removing
residual water from the dry nanotnbe/plasticizer mixiore by
drying {rom aboui 40° C. o aboui 1207 C. 0 form an
anhydrous nonotabe! plasticizer mixtire,

Another ciwbodiment is the composition ol discrele cur-
bon nanebes in o surlactant Turther nuxed with g least one
rubber. The rubber can be aatural or synthetic rubboers and is
prelerably selected from the from the gronp consisting of
natural rubbers, polyisobuivlene. polybutadiene and styrene-
bumadicne rabber. buty]l rubber. polyisoprene. styreue-1so-
preae rabbers. stvrene-isoprene rubbers. ctiwlene. propylene
diene  rmbbers.  silicones.  polvurethones.  polvester-
polyethers. hydrogenated and non-hydrogenated nitnle rub-
bers. halogen modified clastomers, Jouro-clastomers, and
combinations thereol.

Another ciwbodiment is the composition ol discrele cur-
bon nanotabes 1ua plastcizer lorther nixed with at least one
thwermoplastic polyviner or at leust one thermoplastic clasto-
mer. The themmoplasiic can be selected from but 15 not
hmted o acryhics, polyamides, polycthylenes, polysitvrenes,
polycarbonates, methacrylics. phenols, polypropylene. poly-
olefins. such as polvolelin plastomers and  clastomers.
ERDM. and copolviners ol cthylene. propylence and fune-
tonal monomers.

Yei another embodiment 15 the compositon of discrete
carbon nagotubes in a surfactant forther mixed with at least
one thermoset polviner. prelerably an epoxy. or o polyure-
thune. ‘The thermoset polymers can be selected (rom but is
not lmied to epoxy. polyurcthane. or unsaturated polyester
rosis.

"or a more compleie understandmg of the present disclo-
sure. and the advantages thereol. reference is now made w0
thwe Jollowing descriptions deseribing speciiic embodiments
of the disclosure.

BRIEE DESCRIPTION OF T FIGURES

FIG. T shows relative proten concenirations on suigical
masks with and withowt a layer of nanotubes.

FIG. 2 shows relative protemn concenirations on suigical
wasks with and withomt o layer of nunotobues.

G 3 shows protein filtering by varving MR{PVA}
coating density on polypropylene PPE maienal (surgical
miansks).

1G4 shows protein filtering ot constant ratios MiX 1o
PVA or PV on polvpropvicne PPH material {surgical
masks).

IG5 shows protein {iltcring adjosting MR(PVP) ratio;
at constant MR concentration on polypropylene PPE maie-
nul {surgical masks).

DETAILER DESCRIPTION OF 1.
INVENTION

I the tollowing description. certuin details are set fonh
such us specilic guantites. sizes. cle. s0 as W provide o
thorough wndersianding of the present embodiments dis-
closed hercin. Towoever, it will be evident (o those of
ardiary skill in the art tet the present disclosure may be
practiced without such specilic detsils. o mony  cases.
detals concernmg such considerations and the hke have
been onntied asmch as such detils are not necessary 1o
obtin a complete nderstonding of the present disclosure
and are within the skills ol persons of ordinary skill in the
relevant art.
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Wiile most of the terms vsed herem wall be recognizable
1o those of ordinary skill in the art. it should be understood.
howoever, thal when not explicitly defined. terms should be
interpreted s adopling o meaning presently accepied by
those of ordipary skill 1n e ant. I cases where the con-
straction of o term would render i weaningless or essen-
tially meaningless. the definition should be taken from
Webster's Dictionary. 3rd Pdition. 2009, Definitions and/or
interpretations shoulkd not be mcorporated from other patent
upplications. patents. or publications. related or uot,

lunctionalived carbon nanotubes of the present diselosure
gonerally reler to the chemical modification of any of the
carbon nanotube types desenbed heremabove. Such modi-
flicanions canl invalve the nanewibe cuds. sidewalis. or bath,
Chemical modifications may include. but are net limited o
covalent bonding. ionic bonding. chemisorption. micrcala-
fion. suriactant ierctions. polymer wrapping., coiling.
solvation, and combinations thereot. [n some embodiments.
the carbon nanotabes may be functonalized belore. during
und aller bemg exfoliated.

In various embodiments. a plurality of carbon nanotubes
s disclosed compnsing single wall, double wall or mli
wall carbon nanotube (bers having s aspeet ratio ol from
about 10w about 500, preferably from about 40 10 about
200. and an overall {1l oxidation level of from about 1
woeight percent to about 15 weight percent. preferably from
about | weipht percent o about 10 worght percent. more
preferably from abont 1 weight percent 1 5 weight pereent.
mare prelerably from about 1 weight pereemt w0 3 weigin
percent. The oxidation level is delined as the amount by
weight of oxygenated speeies covalently bound 1o the car-
hon nanoinbe. The thermogravimeiric method for the deter-
mitioen ol the percent weiglt of oxygenated species on thwe
carboi naube involves taking about 7-15 mg of the dried
oxidized carbon nanoiube and heating al 3% C/minute from
00 deprees centiprade o 700 degrees contigrade in a dry
nitrogen atmosphere. The percentage weight loss from 200
1o 600 degrees centigrade 1s ken as the pereent weight loss
ol oxvaenated species. The oxygenated species can also be
quanitied wimg Founer transtorm indra-red spectroscopy.
IFTIR. particularly in the wavelengih range 1730-1680 cm™".

The carbon nanotubes can have oxidution species com-
posing carboxylic acid or derivatuve carbony!] containig
species aid are essentially discrete individual ponotubes.
catangled as o mass. Typically, the amount of discreie
carbon nancinbes alter completing the process ol oxidation
und shwear is by o lar o mgonty (that s a pluralityy and can
be as lugh as 70, 80, 90 or even Y9 pereent of discrete carbon
nanotubes, with the remainder of the tubes sl partially
cntangled in some lorm. Complete conversion (e 100
poreent) of the nanoinbes o discrete individualized tobes is
most preferred. The denvative carbonyl species con include
plicnods. ketones. quaternary amines. mnides. esters. acyl
halogens, monovalent metal salts and ihe like, and can vary
between the nner and onter surfaces of the nbes.

lor example. one type of acid can be vsed o oxadive the
wbes extenor surfaces. followed by water woslung and e

induced shear. thereby breaking and sepurating the wibes. 07

desired. the formed diserote tubes, having essentially no {or
zera) interior inbe wall oxidation can be further oxidized
with o dilierent oxadizing sgent. or even the sune oxidizing
agent as that used Tor the wbes™ exterior wall surfaces at
diflerent concentration. resuliing in differing amounts  and/
or diflering types  of interior and surlace oxidation.
As-made carbon nanotubes vsing metal catalysts such as

iron. alminum or coball can retain g significant amoumu of

the catalyst associated or entrapped within the carbon nano-
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tube. s wach as five weight pereent or wore, These residual
metals can be deleterious in such appheations as electronic
devices because of enhanced corrosion or can interlore with
the vulcanization process in curing clastomer composites.
Furthenmoere. these divalent or multivalent metal s con
associute with carboxylic uckl groups on the carbon nano-
wbe and inlerfore with the diseretization ol the carbon
nanciubes 1 subsequent dispersion processes. In other
embodiments. the oxidized carbon nanotubes comprse o
residual metal concentration of less than about 10000 parnts
per million. ppin. aud preferably less than about 5000 pans
per milhon. The metals con be convemently deternined
using enerpy dispersive X-ray spectroscopy or thermogra-
vimetric methods,

The composition ol discrete carbon nanotibes i o plas-
ticizer can be used as an additive to a varicty of compounds
and composiies (0 mmprove e mechanical properties. ther-
mal and electrcal conductivity. An example is as an addive
i rabber cowpounds used W Lubncute mbber componcats in
ail field applications such as scals. blowout preventers und
drill motors with improved wear resistance. tear strength and
thermal conductivity. Another example 1 as an additive in
rubber compounds used o labncate tires. seals und vibraton
dampeners. 13y selecting the appropriate plastciver the addi-
tve has utility i componnding and Formulatng in therme-
plastics. thermosets and composiies.

As manutacinred carbon nanolubes are in the form ol
bundies or entangled agglomerates and can be obtained from
dilferent sources. such us CNano “Technology. Nanoceyl.
Arkema, and Kumbo Petrochemical. (o make discrete car-
bon nanvivbes. An acd soluion. preferably miric acid
solution al greater than about 60 weight % concentration,
wwre preferably above 65% nitric acid concentration. con be
used 1o prepare the carbon ranotubes. Mixed acid systems
(v, g mitric and sulfuric acid) as disclosed in US 2012-
0183770 AL and US 201 1-0294013 Al the disclosures of
which are incorporated heromn by reference. can be used 1o
produce discrete. oxidized carbon nanotubes from as-made
tundled or entangled carbon nanotubes,

Gieneral Process 1o Produce Discrete Carbon Nanotubes
Having Targeted Oxadation

A mixtare of 0.5% w 5% carbon nanotubes. prelerably
3%. by woeight is prepared with CNano grade Flowbe 9000
curbon nanotubes and 65% nitric ackl. Wiale stirring. the
acid and carbon nanotube mixture is heated o 70 1o 90° C.
{or 2 10 4 hours. The formed oxidized carbon nanoiubes are
then solated rom the weid mixtaee. Several methods can be
used W isolate the oxidized carbon nanotubes. including but
not limited (o contr fogation. [iliration. mechanical oxpres-
sion, decanting and other sohd  liguid separation tech-
niques. The residnal acd is then removed by washing the
oxidized carbon nunotabes with an agqueons medivm such as
waler. preferubly deionived water. ww o pil of 3 o0 4. The
carbon nanotubes are then suspended in waler al o concen-
wwation of 0.5% w0 4%, preferably 1.5% by weight. The
solution is subjected W ntensely distupuve forces generated
by shear (tarbulent}y andfor cavitation with process equip-
el capable of producing energy deasites ol 106 w0 108
Joulesion® . Bguipment that meet this specification includes
bui 15 not limiied 1o ulirasonicators. caviiators, mechameal
homogenizers. pressure homogenivers and wicrolluidizers
{Tuble 1), One such howogenizer is shown i LS, Pat No.
756,953, the disclosure of which is incorporaiced herein by
reference. Alter shear processing, the oxidized carbon nano-
ubes are discrete and individoalized carbon panotubes.
Typicaily. based on g given starting amoum ol entangled
as-received and as-made carbon nunotubes. o plarality ol
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diserete oxidized carbon nanotubes results rom this process.
preferably al least abont 60%. more prelerably at least about
75%. most preferably at least abont 95% and as high as
R4, with the minonty ol the nhes, vsually the vasi
migonty ol the wbes rewainng entangled. or pot ally
individualized. As nsed here. plorality™ means more than
any other as is used commonly with respeet W clection
results. Thus., a “plurahity” of discrete carbon nanotubes 1 a
piven composinons means that there are more nanoinbes
that ure diserete. e.g.. individualized und not bundled. within
the compositon than carbon nunotabes that are not discrete
withm the composiion.

Another llustrattve process for producing discrele carbon
nanotubes follows: A mixtore of 0.5% 10 3% carbon nano-
wbes. preferably 3%, by weight 1s prepared with CNune
Iletabe Y000 grade carbon nanotubes and an acid mixtare
thai consists of 3 parts by weight of sulturie acid (97%
sulfurie acid and 3% water) and | part by weighi of nitnic
ucid {65-70) pereent mitric scid). The mixtore 1s held ot room
wwperature while stirnng for 3-4 hours, ‘The lonued oxa-
dized carbon nanotibes are then iseolated from the acd
mixiure. Several methods can be vsed 10 1solate the oxadized
carbon nanotubes. mecluding but not hmited o centrloga-
tion. filtration. mechanical expression. deconting and oller
solid  liguid  separation  wechnigues. The acid 13 then
removed by washing ithe oxidized carbon nanotubes with an
aqueous medinm. such as waier. preferably deionized waler.
to a pll of 3 to 4. The oxidized carbon nanotubes are then
suspended 0 waler at a concentration of 0.5% w 4%.
preierably 1.5% by weight, The soluton s subjected 1w
intensely dismptive forces generated by shear (turbulent)
andfor cavitation with process equipment capable of pro-
ducing cnerpy densities of 106 10 108 Jonles/im™. Liguipment
that mcet this specilication meludes but is oot limied w
ultrasonicators. cavitators wweehanical homogenizers. pres-
sure homogenizers and microfnidizers (Table 1), Afior shear
and/or cavitation processmg. the oxidized carbon nanotubes
become oxidized. discrete corbon nanoiabes. Typically.
based o o given starting aimomint of entangled as-received
und as-made carbon nanotabes. o plurality ol discrete oxa-
dived carbon nanotubes results {rom this process. preforably
at Jeast about 60%, more preferably at least abont 75%, most
preferably at least about Y3%% and as high us 100%. with thw
minonty of the tbes. vswally the vast minonty of the tbes
remaming eninngled. or not {olly mdividualized.

lixample 1: Eatangled Oxidived AS MWONT 3
Hour {oMWCONT-3}

One hundred milliliters of =64% nitric acid s heated (o
857 C. Mo the acid. 3 grams of as-recerved. mulii-walled
carbon nanotibes {CY000. CNuno ‘Teclmologyy are added.
The as-received mbes have the morphology of entungled
halls ol'wool. The mixiure of acid and carbon nanoiubes are
mxed while the solution 15 Kept at 83 degrees for 3 hours
and is labeled “oMWONT-3" At the end of the reaction
period. the oMWONT-3 are {iltered (o remove the acid and
washed with reverse osimosis (RO water w pli ol 3-4, Afler
acid treatment. ihe carbon nanotubes are sl entangled
balls. The ubes are doed at 607 . o constam weght.

lixample 2: Eatangled Oxidived AS MWONT 6
Hour (0MWONT-6)

One hiandred milliliters of =64% niric acid is heated 1o 85
degrees O Lo the acid. 3 groms ol us-received. multi-walled
carbon nanotibes {CY000. CNuno ‘Teclmologyy are added.

e

e

20

4L

“h

9]

10

The as-recerved tabes have the morpholopy ol entangled
balls of wool. The mixture of acid and carbon nanotubes are
mixed while the solution is kept at 85 degrees for 6 hours
and 15 labeled “oMWONT6". At the end of the reaction
period. the oMWONT-6 are filtered w remove the acid and
washed with reverse osmaosis (IROY water o pil ol 3-4. Aler
acid (reatment. the carbon wanotubes are sull entangled
balls. The tubes are dried ot 607 C. (o constanl weight.
lixample 3: Discrete Carbon Nunotobe  Oxadize
Outermost Wall {ou-dMWONT)

In & vessel, 922 Kiloprams ol 64% mine acid 15 heated 1o
83 O T the acid. 20 kilograms of as received. multi-walled
curbon nanotubes (CY000. CNano Technology) is added.
The mixtare 1s mixed and kept at 83 C, for 3 hours. Adler
the 3 hours, the acid is removed by filiration and the carbon
nancinbes washed with RO water o pll of 3-4. Afer acid
trcatinent. the corbon nancotabes are sull entungled balis with
lew open cads. While the outside of the wbe is oxidized
forming a variety ol oxidized species, the inside of the
nanoinbes have little exposure o acid and therelore htile
oxidization. The oxadized carbon nanotubes are then sus-
pended 10 1RO water ot o concentraton of 1.5% by weight.
The RO water and oxidized wngled nonctabes solution is
subjected o mtensely disruptive forces generated by shear
{turbunlent) andior  cavitation with  process  cquipment
capable of produciug encrey densities of 10% w0 10% Joules/
ar, The resulting sample s abeled “out-dMWCONT wiich
represcits outer wall oxidized and “d” as diserete. Fguip-
ment that meet s shear inclodes bui s npot limited 1o
ulirasonicators. cavilators. mechanical homopenizers. pres-
sure howopenizers. and  microflmdizers (luble 13 It is
believed that (e shear andfor cavitation processing det-
angles and  diseretizes  the oxidized  carbon  nunotubes
through mechanical means that result in obe breakmg and
opeaing of the ends due (o breakage particularly at delocts
it the CONT steueture wiueh is nomally o 6 member carbon
nings. Defects happen at places i the wbe which are not 6
member carbon rings. As ihis 15 done in water, no oxadation
occurs in the interior surface of the discrete carbon nano-
uhos.

Vxomple 4: i iscrete Carbon Nonotube  Oxidized
Outer and Tnner Wall {Oulfin-dMWCONT)

To oxidize the interior of the discrete carbon nanotubes. 3
grams of the out-dMWONT s added w 64% mtric ocid
heated 0 83° . The soluiron is mixed and kepl at tempera-
ture for 3 hours. Duonng s time, the mitric acid oxidizes the
interior surface of the carbon nanotubes. AL the end of 3
henrs, the mbes are filered W remove e acid and then
washed W pli of 3-4 with RO water, Tlus sample is labeled
“outin-dMWONT™ representing both onter and mner wall
oxidation and “d” as discrete.

Oxidation of the samples ol carbon nanotubes 1s deter-
wined vsing o thermogravimetne analysis method. In this
exaimple. o TA Insteuments Q50 Thermogravimetloe Ana-
Iyzer (TGA) 15 used. Samples of dried carbon mnotubes are
ground using a vibration ball mill. Into a tared platinum pan
ol the TGAL 7-15 mg ol ground carbon nanotubes are added.
The meusurement protocol 15 as loilows. In o nitrogen
epvironment. the temperatvre is ramped {rom room om-
perature np fo 100° C.ata rate of 10° C. per mauie and held
at s wemperainee for 45 minuies o allow for the removal
of residual water, Next the wmperature 1s mereased o 7009
Cloat g rate of 5% OO per minte. During tus process the
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weiglt percent change 15 recorded as o loaction ol empera-
tre and time. Al values are normalized {or any change
associpted with residual water removal during the 1007 O
isotherm. The percent ol oxygen by woeight of carbon
nanotubes (% Ox) is detennined by subtracting the pereent
weiglt change at 6007 C. from the pereent weiglt change w
2000 ¢

A comparative table (Table 2 below) shows e lovels of

oxidation of dillerent baiches of carbon nanotubes that have
been oxidived either just on the omside {B3atch 1. Baich 2.
aind Batch 33 or on bath the outside and nside (Batch 4).
Batch 1 (oMWOCONT-3 as made m Bxample | above) s a
batch of entangled carbon nanotubes that are oxidized on the
outside only when the bateh i still in an entangled form
{Tabic 2. frst colomid, Boch 2 {oMWONT-6 as made n
Pixample 2 aboved s also o butch of entongied carbon
manotubes that are oxadized on the ontside only when the
batch is still in an entangled form (Table 2. second columan).
Thwe average pereent oxidation of Bateh 1 {2.04% Ox) and
Bateh 2 (2.06% Ox) sre essentiolly the same. Sinee the
dillerence between Bateh 1 {three hour exposure 0 aeidy and
Batch 2 (six howr exposure 1o acid) s hat the carbon
nanotubes were exposed o acd for twice as long a ime
3uteh 2. this ndicates that addintional exposure o acid does
not nerease the amaount of oxidation on the surtiee ol the
carbon narolubes.

Batch 3 (Oui-dMWONT as made in Fxample 3 above) s
a batch ol entangled carbon nanotubes that were oxidized on
the outside only whea the batch was sull 1 an entangled
form Clable 2. third column). Batch 3 was then been made
inlo a discrete baich of carbon nanotnbes without any lurther

12

the addivonal oxidaton of e carbon nonotwbes on their
inner surface. Thus, the average oxidation level for Baich 4
(2.39% Ox) is about 20% higher than the average oxaidation
levels of Batch 3 (1.99% Ox). [n Table 2 below. ihe average

3 value of the oxidation 1s shown i replicite Tor the lour
butchies ol wbes. The percent oxidation 15 witiun the stan-
dard deviation for Batch 1. Bateh 2 and Bawh 3.
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SMWONT-3 oMWONTG dMWONT dMWONT (Bach 4- %o Ox {Bach
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Lu2 1.94 2067 242 1333 17"
2.4 2R 137 240 LA 2%
2% M 22 2,36 024 1%
203 N 185 N na [T
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oxidation. Batch 3 serves as o control sample lor the eifeets
ou oxidation ol rendenng entangled carbon nanotubes o
diserete nunotnbes. Batch 3 shows essentally the samwe
average axidation level (1.99% Ox) as Baich | and Batch 2.
Therelore. Bateh 3 shows that detungling the carbon nano-

wbes sud mokmg them discrete m water opens the cuds of

the tbes without oxidizing the intenor.

Finally, Batch 4 (Out/ln-dMWONT as made in thas
Lxample 4 herein) is o baich of entangled carbon nanotobes
ihat are oxidized on e ontside when the baich is sull in an
citangled form. and then exadived agam alier the bateh has
then been made e a diserete butch of carbon nanotubes
{Table 2. founh columi. Because the discrete carbon nanao-

tnbes are open-ended. in Baich 4 acid enters the imerior of

the twbes and oxidizes the mner surlace. Batch 4 shows a
significantly clevaied kevel of average oxidation (2.39% Ox)
compared w Bateh 1. Bateh 2 and Bateh 3. The significant
clevation m the average oxidation level m Bateh 4 represeius

~
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A illusteative process W form o composition Comprising
discrete carbon panotubes 1n o plasticizer 1s W lirst select o
plurality of discrete carbon nunotubes having an average
aspect Fatio of from about 1 0 about 300, and an oxidative
species content wtal level from about 1w abont 15% by
weight, Then the diserete carbon nunotabes are suspended
usiing shear in waler at a panotabe concentration from about
1% 1o abont 10% by weight o form the nanotube water
shorry. The slurry is then mixed with at leasi one plasticizer
at o temperature from about 307 €. o about 1007 ¢ for
sufficient umie that the carbon nanotabes migrate (rom the
waler o the plastciver 10 form o water nanotabe/plasticizer
wixer. The mixture con compnse rom 70% 10 about 99.9%
waler. The bulk of the waler is separaied from the mixture
by (iliration. decanting or other means of mechanical sepa-
ration. The filicred maierial can contain from abont 50% o
about 10% wauter. The filered waterial 1s then dried ot o
temperature rom about 409 O, w about 1207 C. w Jorm an
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unlvdrous nanotabe/plasticizer mixwire witl less thun 3%
water. most preferably Jess than 0.5% water by weight and
for some applications 0% water by weight.

Pxample §

A concentrate of discrete carbon nunotubes m water wilh
only the exierior wall oxidized as m Lxample 3 s diluied o
u 2% by waight 1 deionized water. The slurry s heated wo
40° . while stirring with anoverhead stirrer ut 400 pm. For
every pram ol discrete carbon nanotabes. 4 grams of TOTM
(iocty! irimelliate) from Sigma Aldrich is added (o the
stping nuxinre. For 4 hours, the naxiure is stirred ot 750
rpin and kept at 07 CL During this e, the oil and discrete
carboi nanbes Douts 1 the top. leaving clear water at the
botom. Wihen this ocenrs. the water is separated lrom e
T M carbon nunoinbe mixture by {iltmton. The TOTM
and discrete carbon nanoinbes are dried o forced air
convection oven al 70° O untll residual water 18 removed.
The result s o Jowable powder. The conceatration of
diserete curbon panotabes 15 determied by thermogravi-
metric means and found 1© be 20% discrete carbon nuno-
tbes and 80% TOTM.

Pixample 6

The discrete carbon nanotubes and plasticizer composi-
tion of lxample § comprising 20% discreie carbon nano-
wbes and 80% TOTM (rioctyle wimellitite) 1s added @
coneentrations of 2 parts per hnodred resin {pluy and 3 purts
per hundred resin {phr} 10 g nitride rabber formulaten (lTable

3y The ol concentration of the compounds 15 adjusied o

compensate for the additiona! oil from the composition of
ths invention. The compound is then cored into plagues for
testing. Constrained tear testing 15 perfonued vsmg an
fstron wosiometer. Constrained tear sumples are pouched
out using a die. makmg a rectangle 1.5 mches by | mch by
| inch with a specimen-centered notch Y2 inch long., sliced
poerpendicular w the longest dimension. ‘The speoimen s
gopped caqual distance (rom the noteh and pulled by e
fostron. Shear stroin and stress s recorded and the area
vnder the stress-stram curve from strain sero w0 the {inal
fatlore is measured. This arca is the total tear energy. The
results in lTable 4 mdicate that an increase i wear strengtio s
impurted by the discrele carbon nanotubes.

TABLE 3
Tigrecliom Conrel 2 phr dOXT 3 phr dONT
Wilrile Rubber (Nipol 3640 oy 1T T
2 JONT i TN " [N} 13
774 Carbon Black bl 73 75
Polyesigr se e plasticizer K 7 3
{Paraplex {-23)
Conmarong Indeny Resin {1 {1 1o
i umar P25
Siearic Acud 1 1 1
Zine Oxide (Kadoxs 11 A A 5
Anviexidant (vanex CIA 2 2 2
Anviexidant DSamollex 610015 2 2 2
Fig e modeenlar Fary acid esiers 2 2 2
{5mmkiol W22
Acecloruor 1Y 2 2 2
Avceleruor {Morlaxy 2.26 2.26 2.0
Accelerdor T M 1 1 1
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TABLI 4

Ieseripticn Constrained Tear (psiy

Contrl 4u2
Il N 537
3 phr dONT i

Lixample 7

The discrete corbon manotubes and plasticiver composi-
ton of Hxampie 5 comprising 20% discrete carbon none-
wbes and 830% TOTM (inoctyle tnmellitaie) is added w
concenirations 3 parts per hundred resin (phr) 1o 2 mirile
rubber Formulation (Table 5). The oil concentration of the
compound is adjusted w0 compensate lor the additional oil
from the composition of this nvention so that all Formula-
tons have equivalent ol concentrations. A comparalive
compound is prepared with carbon nanobes as received
{(Flotube (9000, CNano) (Table 5). Carbon black content is
adjusted so that the measured hardness 1s the sue lor the
tirree sumples. The Shore A hardness is 67 Lor the coutrol und
67 for the 3 phr CNT ol this invention and 68 for the 3 phr
“As s carbon nanoiubes (CY000). The constraned tear s
measured as desertbed in Fxample 6. The discrete carbon
nanctabes and oil composition (dCN'TY of tlus inventon
hove higher ol tear encrgy tun the emtangled carbon
nanoinbes (TG} and the control. The (ear cnergy of
eptangled carbon nanoibes, C9000. s worse than the
control, {luble 6)

TABLL S
Ingredicm Comrol 3 phe dONT 3 phr C30nn
Nirrile Rnbber (Nipol 30405} 1 1 1ty
2000 AONT i TOTM 3] 15 "
MWONT as received (80N, f] f] 3
N
NI Carbon Black Ko 75 73
Polvester sebacale plasticiver 13 3 13
(Paraplex (-25)
Countarsne Tdene Resin 1] 1 1
(Canr P23
Stearie Avid | | 1
Zine Oxtide (Kadox 911 A A 3
Antiesidant 13anes C1IPA) 2 2 2
Antiesidant iSantellex 6PPIY) 2 2 2
Thigh nwslecubir Bwy acid esters 2 2 2
(sirukiol WX
Aceelernnor IXUT3M 2 2 2
Aceelerner {Morlax) 226 22 226
Aceeleruor TMTM | | 1
TABLE 6

Irescriptivon Constramnad Tear ipsih

Control 4u2
Il N 574
3 phr CW0n MM

115 known o those praciiced m the art that the addion
of filier 1 o rabber compound will ncrease the viscosity ol
thwe componnd. Unexpectediy. the addition ol discrete carbon
nanoinbe and oil mixtore from Fxample 7 did not mercase
the viscosity but instead decreased viscosiy, while the
entangled  carbon nanolubes of Jixample 7 (CY000)
icreased the viscosity, The viscosity is measured using o
Mooney Rheometer at 125% ¢ 'The mitial viscosity meu-
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sured is desenplive of the processibility of the compound.
The compound containing the diserete carbon nanotubes of
thts mvention ad desenbed in Lxample 7 15 {oond © be
cqual (o the control while the compound contining the
citangled carbon nanotabes (CY000) 15 lound W be lugher
than e contrel {Tabie 7).

TABLE 7
M Mooney
Ieseription Viseosity MIL (1 + Jin
Comrol RN
2phe N REN |
3 phr €90 M6

Disclosed embodiments may also relate © o composition
wsehul for treating andfor remediating contaminaied soil,
gronndwater and’or wastewator by freating.  removing.
modilying. sequestering. targetng labeling. andfor breaking
dowi at least o portion o any dry cleaning compounds and
related compounds such as perchlorocthene (IPCL). trichlo-
rocthene (1CLY. L 2-dichloroethene (DO viny] chlonde,
and/or clhane. Embodiments may also relate o compounds
uselul Jor reating. rewoving. wodifving. sequestering. tar-
geting labeling. andfor breaking dowa at least a portion of
any oils. hazardous or nndesirable chomcals, and other
contaminants. Disclosed embodiments may comprise a plu-
rality of discerete carbon wanowbes. wherein the discrete
carboil manoiubes comprise an eoor and exterior suriace.
liach surluce may compnse an inlerior surface oxidived
species content andfor an exlerior surface oxidized specios
content. mbodiments may also comprise at least one deg-
radative or otherwise cheically scuve wwlecule that 1s
attached on either the interior or the exterior surface of the
plurality of discrete carbon nanotubes. Such cbodiments
may be vsed m order w0 deliver known degrative andior
chemeally active molecules to the location ol any contam-
nated soil. groundwater and/or wastewaler,

Addition of Pavload Molecule

Aqueous solubility of drg substances is an imporiant
parameter in pre-formulation studies of a drug product.
Several drogs are sparingly water-soluble and pose chal-
lenges lor lonuulation and dose adimimstration. Organe
solveuts or oils and additional surkactants W create disper-
s can be used. [Wihe payload molecnle 15 casily dissolved
or dispersed mn an agueons media, the filier cake need not be
doed. 1T the payload molecule is not casily dissolved or
dispersed magueons medi. the Giler cake is Grst dried @
ROV L in vaeuo 1o constant weight. The pavioad welecule n
the liguid media at the desired concentration 15 added 1o the
discrele carbon nanoiubes and allowed several hours (o
caquilibrate within the wbe covity. The mixtore is then
{iltered o foru a cake. Jess than about 1 mm thickness. then
the bulk of the payload solntion not residing within the tnbes
are romoved by high Jow rate filtration. The mte ol filtzation
is selected so that lidde time is allowed for the payload
madecnles w dillose frow the wbe cavity. The Gler coke plus
payload drug is then subjected w an additonal weatinent 11
desired o attach a large molecnle such an agueos solution
ol a bropolymer. an amne acid. protein or peptide.

Vxample 8

A calibration curve for the UV absorption of niacin as a
function of the concentration of niacin in waler was deter-
mined. A selution was prepared by nuxing G.0578 grams of
diserete (unctionalized carbon nanotubes ol tus mvention
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with 00134 grains of piacin m 25 mil of water (0.231 grams
nincuygram of carbon nanoinbe). The tubes were allowed 1o
seitle and an aliguot of the Hod above the tobes removed
hovrly. The UV-vis absorption of this aliquot was measured
and the resulung swenat of niocin 1 e selution recorded.
The umount of maein msolntion stabilized alier 6 hours. A
final sumple was taken 20 hours alter mixing. The dillerence
between the amounts ol macin remaining in the solution and
the original amount was determined 1o be the amoont of
niacin associaied with the discrete fnctionalized carbon
uanotabes. [t was foond that G.0746 grams of niacin asso-
ciuted with coch gram of curbon wnotabes. The wal
amiount ol niacin absorbed by the carbon nanolubes was
00043 proms. Assoming an average carbon nanoiube length
of 100G nm. exiernal diameter ol 12 nmoand  internal
diameter of 5 nm. the available volume within the tube is
0.093 em?d per grum ol carbon nanotbes. Since the density
of niscin is 1.473 giem®. then the maximum amount of
wiscin that can {ic e wbes is 0.137 grams. Therelore. the
measured absorpiion of 0.0746 ¢ niacin/g ON'T amount
could be confined to the micrior of the be.

Lxample ¢

A poly (viny] alcohol). PVOLL is sulliciently large (30
Ki2a-70 kDay dwt it cannet be absorbed internully in o
carbon nonetube. PYORT 18 used as o surlactant lor carbon
nancinbes becanse it associates ard wraps he exierior of the
carbon nanoinbe. In this experiment. PVO!] was added to a
mixtore of 0.0535 g of carbon nanotubes and 0.0139 ¢ niscin
{0.26 grows naein o 1 gram corbon nanotabes) e 25 ml
waler. This was aliowed o rest overnight. Using the Ubsvis
echaique of Fxample L the amownt of niacin associated
with the carbon nanotnbes was determimed (0 be 0.0561
grams niacn per pram of carbon nanotubes, less than the
0.0746 prams m example 1. The wtal amount of niscin
absorbed was 0.003 grams.

Calculutions were made assnining carbon nanotbe length
of 100G nm. exiernal diameter ol 12 nmoand  internal
diameter of § nm. Given the density of PVOH 15 1] plem3
and (e ratio of PYOILT w0 carbon nanotubes was .23 10 1.
thwe average laver thickness ol PVOI on the carbon none-
twibe 13 0.6 wn. Therelore there s sulficici PYOILT w0
encapsulate the carbon nanotnbe and displace any ncm on
the surface of the ube and the measvred amonnt of 0.0561
grams ol wuecin per gram of curbon nanonbes is e the
nuerior of the carbon nunotube.

I anether exainple the discrete functionalized carbon
manoinbes can be dispersed in @ polymeric matrix. for
example polyethylene oxade. 1 the melt or i g solution and
ke pavload molecule added.

TABLI &

Lot lis Dk

Condition | Condition } Comdition 3

Maean 424 487 i
Staumdirel brror 253 340 A
Madian 407 4170 Hi2
Staumdired Drevizwion 177 281 33
Sanple Aarianes 31461 TUIUR A H
Knnosis = H3 1.5 =102
SKew sy (X1 1.2 64
Range fi5 12700 1364
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TADBLI B-comtined

Lewgths (i)

Comdition 1 Comdition 2 Condition 3

e

b ¥
735

SMimnum

. lixl
Maxinnm 5

1353

Conchiwn

Conlition 1w example ol a o distabaiion satle low mean kgl
) e vl Tish

e ol Bwoseel clstolwimnan T i bengn e © it 3 s o
ngth and broal desardbaition.

To determine be lengihs, 2 sample ol tubes is diluted
sopropy] alcohol and somcaied for 30 minuies. 1 is then
depostied onte a silica waler and mmages are taken at 15 &V
und 200000x magnification by SEM. Three images are wken
at different locatons, Utilizang the JHOL soltware {included
with the 8EM) a minimuim of 2 lines are drawin across on
cach image and measure the length of tubes that intersect
thts e,

Skewness 1 a measnre of ihe asymmetry o' a probabiliy
distribution. A positive value means the tail on the night side
ol the distribution histogram 1s longer than the left side and
vice versa. Positive skewness 1s preferred winch indicutes
mueans more tubes of long lengths. A value of zero means o
relatively oven distnbuoiion on both sides ol the mean
value Kuriosis is the measure of the shape o the distribution
curve aid 13 generaily relative w o normal distnbution. Both
skewness und kurtosis are unitless.

The tollowmg table shows representative values of discreie
carbon nanotubes diameters:

TABLE Y

raneter (nnreladed 1o condition above s

(=)

Mo diuneter fun*)

12
Mudian dizaneter 4o 1.5
Kumosis 3.0
Skewness 1.4
Cabenlaed aspeet ruio 34 3 i
L1

i o i

A sl sample of the filter cake 15 doed i vacuum at
00" C. Jor 4 howrs and o thenuogravimetric analysis
performed at 10° Cimin heating rate i mtrogen frome 100
. 10 6007 C. The amount ol oxidized species on the fiber is
taken as the weight loss between 200 and 600" ¢ The
dispersion ol individual wbes {(discrete) is also detenmined
by UV spectroscopy. Water is added 10 the wet cake o give
a 0.53% weight carbon nanotube suspension. then sodiom
dodecylbenzene sulfonic acid is added at a concentration of
LS times the mass of oxidized carbon nanotubes. The
solution 1s sonicated for 30 minutes using g sonicator bath
then dibated © o concentration of 2.5x107F ¢ carbon nano-
twbesiml The carbon nanotubes will give a UV absorption
al 300 nm of at least 1.2 absorplion vnits.

The unprovement m flow processibality ol the composi-
tions cait be deterinined using o rheometer. Jor example.
nulizing concentoe eylinders with o well-defined geometry
0 measure a uid's resistance 0 How and determine its
viscous behavior. While relative rotation of the onier cvlin-
der causes the composition 1o ow. 1ts resistance w0 delor-
mation imposes a shear stress on e noner wall of the cup.
measured 0 umts of Pa.

Spunbonding of Polyethylene and Polypropylenc

Polypropylene is demonstrated i US. Pat No. 4.644,
045, ncorporated carlier. Patents listed o U8, Pat. No,
4.644.045 also reference uselal putents for making polypro-
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pyicine libers which are incorporated by relerence as well. A
high molecular weight LLPL copolymer (ethylene/|-
octene) having a density of about 0.930 glem™ (ASTM 1D
792y and a MFR (ASTM 1238, Condition 19007216 kp)
ol about 18 is dry biended. 10 particuiate form. with o low
weleenlur weigin LRI copolvmer {(also ethylene/l-
octene) having a density of about 0.930 and a MER of abount
205, with the latter comprismg about 14 by wi of the
blend. The biend is Jed o an extruder For melt-nmixing and
conveved o the spin unit where the polymer meit blend is
spuit inte fine Dlaments aud melt drawn at high veloeities
typeally nsed n spunbonding. The apparatus is specilically
designed for this kind of operation and enables the polymer
o niderge rapid draw down ({rom 6{(X) micrometers W about
20 micrometers filament diametery and rapid accelerution 1o
about 2000 meters/min. in the space of aboul 3 meters.
Additional details may be found m. {or example. Theorctical
analysis of the spunbond process and its applications for
polypropylenc. AP Conlerence Proceedmgs 1779, 120001
{2016y hups:dororg/ 1010631 4965577 which 1s incompo-
rated by reference. Polypropylene may have an appropnate
melt Jow e lor spin bonding. Typically, this s al least
about 1. or at least about 20, or at least about 25 up o about
S00. or up o about 1000 or up o about 5 according 10 ASTM
D238 2,16 kp 230° (.

The blend is spun ai a throughput of about 1.2 p/min'hoke.
a lnear spinning velocity of 4045 m/min. and a polymer
el wmperatare of about 1952 O 'The measured ttee ol the
filoments formed vider these conditions is about 2.7 denier
filament. The physical propertics include a tenacity of abowt
1.49 gidenier and clongation at break of about 163%.
Optimized bonded {abric sirips exhibit iensiles (lenaciiy) off
about 240 grums al break (nonnalized W one ounce per
square vard Fabric weight). The fabric tenacity is aboat 52%
of the tenacity of the polypropylene tenacily. 4699, 1In
contrast o ths the above-desenbed 1111 with MER of
18, when unblended oxlubits a hoear spmmng velocity of
aonly up w 3205 metersfiin before exeessive Dber breakape
accurs and the fiber denier 15 above 3,

A test on the above polymer blend s perlormed as
{ollows:

Iibers are collected continuously outo spools using
tiroughput rate pecessary 10 achieve abont the same denier
per filament. Polyiner temperature stays the same as above.
The air g is not vsed o this test because of the random-
ization of the filament splay and the ditficully in separation
of mdividual (lamems. Aler collecuon of sullicient sumple
size. the Dbers are cut off ol the collection spool and cut e
1.5-inch staple {ibers. One and one quarter grom samples of
these 1.5-mch staple ibers are worghed out and {ormed mio
shivers using 2 Roto Rmg (manofactured by Spmlab. e ).
a sliver 1s an ordered collecton of libers such that the fiber
ends are rondowized while the fibers (hemselves are all
paralleled. The strnciure is about four inches wide by abonl
ien mches long alier genily openmg e shiver tow, This
opened shiver ww s then led e o Belont Wheeler calender
bonder for thermal e dowa of the dilmuents where pressure
and emperatare are adjusted for optimal bonding conditions
and {abric strengih.

The fibers produced from the blend described above are
lonnd (o have optinum bouding conditions at a op rodl {or
embossed roll with abont 20% land area) wemperatare ol
aboui 114% C.and a botlom roll (smooth roll) emperatore off
about 1177 €. The bondmg pressure is {oond o be optimal
at about 700 psig or about 199 ph (pounds por hncar mch).
Afer forming o sulbcient onmuber of thermally  bonded
labrocs mwder the same bonding conditions. o single sumple
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is cut out ol cach bonded strip which meuasures 1 by 4 inches.
These samples are individually weighed and then ensiled by
use of an Instron tensile tester aflixed with a data systems
adapler for measuring and reconding load and displacemoent.
The mean value ol the loree required o break this 1 by 4
inch fabric stop. normalized 0o one ouace per sguare vard
weight, 15 about 2397 prams bonded fabnce tenacity. with o
standard deviation ol about 8.7%. The poreent strin ot peak
{clongation} of these lubrics average 41% with o standard
deviation ol 4%.

Musks

A typical inner layer mask matenal non-woven may have
abont 25 ¢ polypropylene per square meter or o range of
Trom about 20 1w about 60 g polypropylene per square meter.
When referring herein o per square meter 11 is meant per
square melter of layer material such as fabric or other
material or matenials of the mask or personal protective
equipment layer. Non-woven fabrics have varying surface
arcy per gram from about 0.2 1o about 20 meters square per
gram. The nstant nanotube coatings on spui-bond fibers
may create a surtace that atiracts protemns i the inircaie,
tangled fiber of the non-woven stmvcture. The struciore of'the
fiber will often allow more contact with the air Jowing
through with the higher surlace area per gram and the wore
intricate the fibers are woven. Thus. in sowe cinbodiments
it 15 advantageons 1o coal more of the individoal polypro-
pylene {ibers with nanotubes. The complexity of the {ibers in
some cuses alleet breathabiliy. Thus, 10 may be udvanta-
geons o coul thwe libers substuntially uniformly with at least
50%. or at least 60%. or at least 80%. or at least 90% up Lo
substantrally all the {ibers at Jeast partially coated. [n some
cmbodiments higher surlboe area materials with the nano-
wmbes coating may be advantageous.

The leading may vary depending upon the noin-woven
material. desired resulis. and application meihods. In some
embodiments about 0.027 g to 25 g of nanotubes per square
meter may be employed. In some embodiments aboui 2.7 g
ol nanotabes per square meter may yviekd up o 94% removal,

Tt is. i this specilic cinbodiuent about 10% by weiglt of

the finished {iber comprises nanotubes. In some embodi-
menis the loadmg s from about 0.027 g 1o about 25 ¢ per
square meter ol Lbric,

Advantageonsiy, 1n sowe cinbodiments  the aunotobe
coatings do uot signilicantly clleet the porosity or breath-
ability of a bulk polypropylene material. Thus, while not
wishing (o be bound by any particular theory the surface of
the polypropylene fibers may be wrapped with the coating.

Additonal Mask and Personal Proteetive  Hguipient
Lmbodiments

Oiher personal protective equipment such as masks,
gowns, gloves, looties, hats, eic. may be made as described
above, Such equipment may proteet rom nanopartcles such
us viruses. droplets. dust. bucteria, genus. simoke. pollutants.
chemicals. and more. While the embodiments described
throughout may be specilically described with respect (o
masks the prnciples apply 0 the other aforementioned
forms of personal equipiment as well. Such personal protec-
tive cguipment in some embodiments may meet or exceed
the convenuional characteristics and requirements {or IF13A
approved N93 or KNY5 resprrators and/or surgical masks.

NU5 and KNS respiritors or masks may hove the edges of

the respirator or mask conligured o form o seal around thwe
nose and monih. Such respirators or masks generally have
Juid resistance. filication efficieney (particulaie (liration
cificiency and bacierial {iltration efficiency). Hammabiliy
und brocompatibility, fn addition. the respirater or mask may
comprise o coronavirus or other pathogen at least partially
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adhered w the plurality ol discrete corbon nanotbes. ‘The
mask may include g sensor to indicate the level of corona-
virus or other pathogen adhered 10 the mask or the level or
percentage of carbon nanotubes that have adhered corona-
virus or other pathogen or the level or percentuge ol carbon
nanctabes that do not have adhered coronavirus or other
pathopen. Addiional {(llering matenals such as activated
carbon may be emploved with or n addivon to the nano-
tibes il desired.

I some cunbodiments. the personal protective cquipment
sucl s masks may have one. two. three. four. five. six or
more layers of a lbric. Generally, at least one layer, or al
least two lavers, or at least three layers, or more comprises
an clfective amount of o plurality of discrete functionalized
uanotabes such as those deseribed above. Olien. the one or
more lavers comprismg nanotubes are m one or more layers
hat are noi conigored (o be direcily nexi to the vser’s skin
Moreover, in some embodiments it is desired o aflix the
nanctubes within or on (e laver such that they are aot
removed donng normal use. That 18, less than 10%. or less
than 5%, or loss than %, or less than 0.5%. or less than
0.1% of the nanotubes are removed dunng three howrs, or
one duy. or (wo days. or even theee days of rontine vse. The
specilic charucteristios may vary depending wpon the num-
ber of lavers. type of Tabric, and protections desired.

As described above. the layers of fabric may be of 2
nowoven or woven fabric. Nonwoven {abric may comprise
al Jeust one member from the group consisting of spun-
bonded Rabric. thenmally bonded staple liber. spunluced
{ubric, and melt blown {abac. [Fa polymer is employed in,
{or example. spanbonded fabric then it may comprise. bor
example, at least one thermoplastic polymer selecied from
the group consisting of polypropylenc. polycthylene. poly-
cthylene terepluhalate. nvlon. or o mixtare thwreol. fin some
caes cotion or other fabric layers may be cmploved and in
some embodmments. a cotion or polypropylene layer s
employed as the layer designed to be adjacent to the skin for
comlont reasons.

I another cinbodiment. @ mask may contain three or more
layers wherein the inner layer nexi o the face is @ comiort
layer comprises of cotton, polypropylene, or similar material
that is hypoallergeme and relatively soli 1w the user. An
itermediate melblown filter and outer non-woven layer
way alse be emploved. The plorality ol panotubes may
preferably be disposed on an intermediate or outer non-
woven layer.

The sive of the mask as monu fetored way vary depend-
ing upon the characteristics of the miender user or nsers.

The masks are typically breathable as well as hypoaller-
gonic in some embodiments. Any convenient aitachment
manner o e user may be coploved so long as i s
conligured 10 substantially or completely seal the wouth and
uose. n some embodiments. elastic or loops ol other mate-
rial are aflixed 1o the mask that are designed (o fit relatively
comiortably aromid cach car as seen on conventional sor-
gical wasks. Allematively. the masks may comprise one or
wwore clastie or other bands designed w it or tie around the
buck ol the head. IT desired. the masks and/or attuchment
mechanism may be made in different sives to (i vsers of
different sive shapes of head and face. Similarly, if desired,
an adjustable nose brdge or an expanduble. sccordion or
lolded design tvpe mask may be cinploved so that a single
size mask may be adjusted 1o it multiple sized faces of
users.

The mask size may vary depending upon the confipura-
ton. desired user (adult or child). and other characterstics.
Typicaily. the wadth may be Fram about 4. or irow about 5.
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or lrom about 6 up W aboul & or up W about 7. or up W
abont 6.5 mches. The height. like the width, may fixed or
adjpstable and range {rom about 4 inches o abont 7 mches
or m the case of adjusiable hoipht may have o minmuom
heigin of 3.5 w0 4.5 inches o o mxamum height ol 6 w0 7
inches.

A piven layer may comprise a plorality of discrele nano-
mbes adhered or adnixed wilh the maierial ol the layer in
any convement nunner as described above. Sumlarly, a
grven layver of the mask may comprise a surlactamt such as
those deseribed above with or without nanotabes. I some
instances i may be desirable © treat a laver ol the mask or
the material or materials that will comprise o layer with an
appropriate treatment to adhere or betier adhere nantoinbes,
surfactont. or both. In this manner. nanoiubes may betier
adhere (o the polypropylene or other maienal comprismng
oue or more wask oyers. Sueh eatments of the material or
layer may include corona treatment. acid treatmenl. or soime
other treament which may Ricilie adhesion due w0 oxida-
tion or other mechanism.

Oiher treaiment of the underlying mask maienal or layer
may aisoe be benelicial depending upon the desired applica-
tion. For exawple. o compatibilizer or other substance may
be nselul lor varions polyolins. Addigonally or alternatively.
a crosslinking treatment ol a surlactant. nanotubes. or both
may be uselul before or after coating or making a given
mask luver. Siuilarly. nanowibes may more readily adhere wo
a given surface or layer material 1l the nanowibes are heat
treated, for example. via microwave (Hash or othorwise),
infrared. or various combinations theroof.

Addinonal matenals may be added o the sorlactant,

nanotubes. or both belore. during. or aler the Formation of

un elfective pathogen controlling mask laver lonuation. or
example. it deswable o capinre waier droplets contmning
a pathogen such as o virs, then 1 may be desirable (o
inchude o hydrophobic matenal moa layer andior with the
nanotubes undfor surlactam. Sunilary. it way be desirabie wo
funcuenalize the nanotabes o be cuploved with o hydro-
phobic material and/or casure that any surfactani coployed
is hydrophobic. 1n this mamer. a user of the mask may be
protected lrom agqueous droplets comprising the puthopen
such as u virus. The masks are prelerably made sterile. c.g..
free of puthogens. many couvement manner before. dunog.
ar alier they are made. Sinilarly, the masks may be stenlized
and re-used i oany convenienl manner. Such sterilization
methods neinde. or example. heating {(microwave or oth-
crwisel. us well as chiemical or physical treatinents.

As described above. the loading of any carbon nanotube,
cp. MR, contaming layer or layers may vary depending
npon o nmmber of lactors such as type of PPE (mask or
other). number of lavers. composition ol layers. desiced
results. components. sud other Gctors, In some embodi-
ments about 0.027 g 0 25 g of nanotubes per square meler
ol fabric layer may be coployed. That is, at keast from about
(1027 or fromn about .05, or Trom about .75, or from about
1.0 or from about 2. or irom about 3. or from about 4. or
from ubout 5. or from about 6. or from about 7. or from
abond 8. or from abowt 9. or from about 10, or from aboui 11,
or {rom abont 12, or from about 14, or {rom abowt 16, or
from ubowt 1R, or (rom about 200 up 1w about 25, or up W
about 22, or ap w abowm 20, or up 10 about 18, or up to about
16, or up o about 14, or up o about 12, or vp 0 about 10,
or up o abont 8. or up o about 6. or up o about 3. or up W0
abont 4, or up 1o about 3, or up o about 2. or up 1o about 1.
or up W about G750 or up o about .5 g ol nunotubes per
square meter ol fabric may be employed.
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I some cinbodiments about 2.7 g ol nonotubes per square
meler may yield up o 94% removal. That s, in specilic
embodiments about 10%. or from abont 1, or from about 2,
or from abonl 3. or {rom about 4. or {rom about 3. or from
about 6. or from ubout 7. or lrom about 8. or (rom about 9.
ar from about 10, or Trom about 1. or irom about 12, or
from about 13, or from about 14, or Trom about 15, or from
about 16% by weight up 1o 25, or up 1o about 20, or up 1o
about 18, or vp 10 16, or up to about 14, or up 1o abount 12,
or up o 10, or up 1o about 8% by weight of the finished fiber
COMPrises nanaonbes,

Mausk “Testung

Lixperiment Descripiion

The stndies desenbed here were designed (o assess the
cupability of MR costed with various combinations and
proportions ol polymers 0 filler out prowins rom an
aqueons selution. Round. 126 mm? arcas ol polypropylene
{P1*y matenial were et out of the thickest. middle layer of o
ihree-layered. standard surgical mask (PPL). Under micros-
copy. the morphology ol mask maierials consisied of poly-
propyvicue fibers of heterogenons density. with apgregated
uodes of fibers interspersed onid larger areas ol fewer.
refatvely individualived fibers. MR couted on the mask Oler
samples was combined with the following ratios of molecu-
lar species and dispersed by somceation in cither 50% cthanol
w water or cyclohexane {or MR{PUIAYX

Sy of MR Contings il Dispersion Tesiod

Muolelcular ¥pecies
uged Tor Coating

MR weight coming

volnme rie 1ested Dispemson

MRIPEGZER [T A0 1O Waer
MRMPEG2RY + 00,3%

P1O3 300k} [T Aot 1O Water
MIMPEG2ZRY 2% Lagers [ S0 O Waer
MRIPVA) 0,35 S0 O Waer

MRIPHEA} 1 Cyelohexiuw

Filer smuples were dipped in un exeess of MR disper-
sions ol a concentration of 10 mp MR/ml. and driced over-
night. MR-coaied mask samples were then reaited with
cither 100 pl of 1 mg/ml. bovine serum albumin (BSA) (60
kida) or UVerriun (770 kDa)y proteins. ‘These proteins were
allowed 10 dry on cither the uncoated mask material samples
or mask samples coated with vanous combinations of MR
and other moleenlar species described above. Protem was
allowed to dry on mask samples for | howr at room om-
perature. Following drving. each of the (lier samples was
woved 0 g filtration housing festonog and an miet and
outlet port and which was size-matched for the 126 mn®
ronnd smuple matenal. Por cach sample wsted. 5004 ol
purified waler was run throngh the Glier and the filirate
collecied. Any protein not caughi by the filiers (either
uncosted or MR-coated mask material ) would Jow through
thwe filers and present isell 1n the Gleate. The concentration
of protein 1 the Dltrate was determined used o standard
bicmchonmic acid assay (3CA) which measures the oplical
absorbance of hght at 362 nm o gquanily (otal protein
conceptration within a solution. In the ferritin Olirtion
experiment. the otal amount ol protein preseat in the Glwae
way compared 1o the absorbance of 1 mg/ml. solutien ol
protein belore filation. as o bascline control.
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Mo Protein
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FIGE T Table: “ME+Polymer Coatings on Polypropylene PPLE
Manerial (Surgicnl Masky’

PP Mask Maerial [N AT (1,016
MRTCGYKD DLUA2% 071
FIGE 2 "Table: “MR+Polymer Comings on Polypropy lene PP
Matenals (Surgical Masky”

I mg ml, Femitin (8o [1,LILRY] L1030
Filtricn

PP Mask Maenal SRS [IRETINS]
MRIIPEC2R) Tl [LIHHES
MRIPLG2R) + 0% LM [IREET
POy 3ok

MRIPECGIR) 25 Tavers [LITR (05
MRV A [IRETRN [IREEDS]
MRIMA (03483 (05

Resuits

The results of e fillenng stady mdicated that MR
coatings could measurably improve fillenng ellicacy of
polypropylene malerials tested. Tn order 0 test the ability of
{iliers to remove molecnlar components of various sizes, this
study used a relatively large protein. Ferrtin (770 kI 3a) and
u smalier entity. BSA (60 kDa). Individual Territin units are
approximately 6 nm o lengthe but are alse capuble of
complexing iron W o protein cages approxamately (12
nm i external diameter)!. This protein was selected
because while 11 15 about 8% the sive of a SARS CoV-2 viral
particle 2’ it can approximate the sive and MR-molecular
interactions ol viral spike proteins which cover the surfuce
of viral particles such as (hose i SARS CoVva2™' The
experimenis showed that MR coatings improved filtration
eflicacy ol the polypropylene material and that specific
combinations of MR and molecular coatings demonstrate
better perlonmance thun others, For exaaple. MR couted
with PIBA mproved filraton by 31% relative 0 e
nucoated PP mask material. while Mit comed with PYA
improved filtcation by 69.3% over (e uncoated PP mask
material. The data showed that adding muliiple layers of MR
coating may also mprove Hliration and demonstrated that
addiven of certain surluctants (such as P1EOY w MR disper-
s10ns may also improve (heong eflicacy, Overall. the abilny
ol MR-coutmgs (o mprove (llering elficacy of puthopens
such as virnses is strongly poverned by MR surface chem-
istry. a5 well as density of MR particles coated per wnit
surface arca of filter matenal,

Sy Lable of Fillering Resalis e Feriting
Reporting Filiering = ilic smage ol
Unlilered Ferritin Solwion | mg il

Filtering Bfliciwy of
Ferritin 1 mg ml.

Selution
P Mask Matenal 2T
MRILECG 2R N7 RO,
MRAPECG2RY + 03"
Ply3uuk: 97 4%
MR 2R 25 Lavers PANGH
MRV A} 000"
MRiIA 57.7%

Given the simaller size of mdividual Ferritin proteins and
their iron-binding complexes relative o viral particles such

e
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as SARS CoV-2, the gain i (iMenng eflicacy of Mit-coated
maierials shonld increase even further when challenged by
viral or bactenal pathogens.

Abbreviations
BSA Bovine Serum Albumin
PO Dithanol
ka Kilodalion
Mt Moleenlar Rebar
MW Maolecular Weigiu

NM  nanomeicr
PI* Polypropylene
PP Personal Protective DHampment

PUEG2E 2000 Molecular Weighn Polyethylene Giveol

PEOGOOKY 300,000 Molecular  Weigin  Polvethylene
Oxide
PI3A Polyisobuiylene Amwe

PVA Polyvinyl Aleohol
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Procedure
Musks comprising. for exawple. nouwoven lubnes may
be coated wilh from about G001 my discrete carbon nano-
whes per mm® {ilier 0 about (.03 my discrete carbon
nanotubes per mm? filier. In this example (.03 mg discrete
carben manotabes per man” filter was used
126 man” Filers
10 mp/ml. discrete carbon nanotubes ("MR™) m 50%
BOHAT0 (Nanopure) except nanotubes (PIBA-poly-
isobutylene amine) 1n Cvelohexane
Coated on single loyer (hickest. middle) of surgical mask
materal (P by soaking and dried overnigiu
LG pl ol L me/m]. BSA-bovine serum albwmin (60 kDa)
or Forritin protein (770 kD) dropped onto each {ilter
und doed
Filered 500 wi. 1,0 {(Nanopure)
Collected (ltrate and quantified protein in (lieate by BCA
assay
Notes
nanolube filters showed supenor wetting w0 mask woven
matenal alone
U mp/ml. BSA spread more evenly across surface of
nanotube mask material than vncoated
nanotabes (PHIAY wask hod dry center arca {hvdroplho-
bic) but possible Uow-twough around edges of iler
Results
Nanoinbes+Polymor coatimgs can be rapudly dricd onio
mask material and form stable films, do not slough ofl
Nunotubes+Polymer  coutings  shown 10 significantly
improve (lering of polypropylenc (PP} surgical mask
material
PP material alone blocked 26% of protein mass from mass
throngh the surgical mask material
Nunotabes{PVAY blocked 96% ol protein from passing
throngh mask matenal
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2-Taver coating of nanowibes{PHG2E) blocked 97% of
proein passing through mask material,
FIG. T and FIG. 2 show resuits.

Additionsl Filter iixumpies

Use of a plurahiy of discrete carbon nanotubes (MR) i
{llering of passes (c.p. breath, air exhanst) or liquids (c.p.
water. body {hids. biological media) and associated patho-
gens may mvolve balancing the use of surfactamts 1o dis-
perse panotubes while potentially avoiding masking a por-
ton W oall of the MR surface with suflicient molecular
wrapping Hut the protein-adsorbing surfuces of MR are
obscurcd. Beconse dillerent coutings. such as surfactant
madecnles or polymers. may uniquely associate with the MR
surfuce depending on Luctors such as: (1) concentration or
mass ratio of conting molecnles relative to mnits of MR, (2)
molecnlar weight ol the coating molecules. (3) chemical
interactions of the coating moleenle with chemical eatitios
on the MR surface (v praphitic carbon. carbonyl,
hydroxyl. carboxylic and amine groups). (4) presence of
other molecnles competitively interacting with the surlace of
MR or couting chemistry and/or {3} thw identity ol the
dispersing media (e, sgueons enviromnents. polar sol-
verts. pon-polar solvents). n practcee. this means Ut there
olten may cxist o uselnl or optinal range of Mit densiy
deposited on the filler. raue ol chemical couting-to-Mit.
andfor molecular weight of the chemical coating. for cach
combination of coating chemistry and solvent. used o
deposit MR onio a filier material or maierials.

General Dixperimental Descriplion

Preparing MR hispersions

Molecuior Rebur (MR) puracles  (Molecular  Rebar
Design, Anstin, Tex.) were used o produce dispersions i
50% ethanol/water. I spersion wore produced wiih various
ratios of MR o polyvinyl alcohol (PVAY or polyvinylpyr-
ralidone (V1)

Coating P Mask Material with MR

Non-woven PP surgical mask or other PPE materials were
dip-couted m MR dispersions overght al room lempera-
wre. Matenals were collected irom the couting dispersion
and allowed to dry in air Circular filiers were cut from boih
MR-coated and uncoated PI? maierial by stamping oul using
u metal dic-entter with o radius o 6.33 ma

Assessing Protein Filtration

100 pi. of 1 mgind. ferratun selution was louded outo 3
cirenlar Olters for cach contng tested and allowed w0 dry
avermght. Followmy drying. 300 ul. of Nanopure water was
slowly pumped across cach filter, and the protein coneen-
tration in the filtrates were measured by standard BOA
protein quantfication assay. read as absorbonce at 562 nm.

Comparing Protein Filtration Between Conditions

Protein filtration was assessed  from two independoeint
measurcients {techuical replicates) on cach ol three couted
PP materials (experimental replicates). All {ilicring efficien-
cies are relative o unfilicred lerntin profein solution (1
myg/ml.}) measured mdependently for cach experiment. Sta-
tistical error bars i graphs reflect Y5% confidence interval
(I
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BXAMPLES

Prein Fillering by Varving MEEPVA Coating, Densivies 4 onstion
Lo MIGPYA Ratie) on Polvpropyvlene P Material (Surgival Mask)

Mown Preacin “o Protein Fibered

Abhsorbanee (AT A% 0T vvs No Filieujong
1ol Ferritin 02253 (LHI2A
o Filiratisng
%0 MR (AR R[] [IXCIEN] KO
1 MR [LURS XS] 624N
o MRIYA) 00373 (LHIS 83,2%

MIR(PVA)Y coating dispersions with increusing conceilri-
tons o the particles (mfy %) were used 10 assess w impact
of ereasing densitics of MU on ellicacy of prowein caplure
by coated PP matenals. The coating dispersion wilh the
lowest MR concentration demonsiraied 5 1% protein caplure
relative 1o the absorbance of the wnfiltered forritin solution.
10-10dd mnerease i MR concentration resulted in 62% pro-
tein capture. wiile the highest MR concentration captured
83% ol the protem on the coated PP material. Vrror burs
roprosent SEM from two measuroments. The results are
shown n FIG. 3 and above.

Frovgin Filering o PP Filiers, a0 Consiun Rations of MR
o A or PRV

Moean [Frongin % Provgin Filiengad

Absorbance (ALY 9305 O jvs No Fillewion
1ol Ferritin 02223 LU0
(N0 Filtrationy
U ncoated P L1418 1006 RIS
1" MRIPVAG {1045 odl SRS Y Pl
120 MRIPY Py (1045 OFST 1,007y 43, 01%,

This example stadied cqual mass ratios ol two different
coating chemistries on MR and any subsiantial impact on
filiering capability. Dispersions with equal MR-to-coaling
ratios of cither PVA or PV were prepared and deposiied on
P> filer material. Both coutings contmned the same con-
centration of MIX particies (1% wv} in the coating disper-
sions. Despite cqual masses of PVA or PV chenistry on
MR. substantially different protemn {illering cfficacy was
observed. MR(PVA) dispersion was the most effective al
filiering lerrtin protein from the solution. capturing 819% ol
thwe protein. compared 0 66% by MR{PVDPY The nicoated
Pi* fibers captured 36% ol the protem Trom the solution.
Thus. even gt caquivalent mass ratios. the tvpe ol couling
chemistry vsed to disperse MR, influences filiration eflicacy
of MR-coaied {ilters. Filtration efficiency s described rela-
trve to absorbance value of unfilicred ferntin solotion at |
wg/ml. vsed i this experient. Results are shown in FIG.
4 and above.

Prvein Fillering o PP Fillers. Adjosting MRV Ration: a1
Comstant MEConcentmtion

Maean Prvein Yo Prvein Filered

Absorbanee (AT 9320 O dvs o Filiewion)
L mgml. Ferritin [ R 1,00
o Filiratisng
Uneoaed PP i 1ds (1,00068 36,3%
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-coutinued

Protein Fillering on PP Filers, Adjusting MROPVPY Raion:
Constam ME Concenration

Mo Prolein o Protein Filiered

Absorbamce 1AL 3% 1 jvs No Filtrtiong
120 MEPY T 4 day 00757 [ 060G
120 MEAPY L) a1 2 [INSE B LIRLE T

The altering of the MR-o-coating ratio of a single coating
chomistry, while holding constant the concentration of MR
in the dispersion measured the impact on the protein filira-
tion capability. 1% MIX dispersions (iw/v) were prepared by
adding PVYP in 1:0.45 or 1:0.20 mass ratios relative 10 MIR
Both formulations produced exioliated dispersions ol M.
but more of the MR surface 15 exposed. e.p. not masked at
the lower PVEP ratio. The results indicated that the reduced
PV patio more efliciently filiered ihe ferritin solution
{78%). compured W the higher PVP ratio (669). The dil-
ference between the (wo was statistically significant. sng-
gosting that surluce-masking ol MIR by o couting agent {e.g.
surfactant or polymer) may be an optimization {aclor. An
optimal ratio exists for each coating chemistry, balancing the
requirement for dispersion MR with leaving a sulficient
surfuce area on the MIU unmasked Tor protein adsorption.
Uiltration efficiency is described relative o absorbance value
ol unliltered ferritin solution a1 1 wmg/ml. vsed in tios
experiment. Resulis are shown m FIG. § and above.

Abbreviations Used

MR Molecuior Rebar (discrete. oxidized ali-wall car-
hon nanoiubes)

NM  nanometer

I'P Polypropylene

PPiE Personal Protecuve Vguipmei
VA Polyvinyl Adcchol
PV Polyvinylpyrrolidone

EMBORIMENTS

limbodiments disclosed include:

A composition comprising o plurality of discrete carbon
nanotubes, wherein ihe discrete carbon nanotubes comprise
an interior and exierior surface. cach surlace comprising an
interior surface oxidized species content and an exterior
surfuce oxidized specics content. wheren the interor sur-
face oxidized species content diliiers from the exterior sur-
face oxidized species content by at least 20%. and as high as
10,

The composition ol cmbodiment 1 wherein the inlenor
surface oxidived species content s less than the exterior
surfuce oxidized species content.

The composition ol cubodiment 1 wherein the iaterior
surkace oxidized species conlent 15 up 10 3 weight percent
relative 10 carbon nanotnbe weight. prelerably rom about
.01 1o about 3 weight percent relative o carbon nanoiube
weight, wwore prelerably from sbout 0.01 W about 2. most
preferably from abom 0.01 w about 1.

The composition of embodiment 1 wherem the exienor
surface oxidized species content is from about 1 o about 6
weight percent relative 1o carbon nanotube weight. preler-
ably from abont 1 10 about 4. more prelerably lrom about 1
1w ubout 2.
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The composition of embodiment 1 wherein the nerior
and exterior surdhce oxidized species content totals from
about 1 10 about & weight percent relative 1o carbon nano-
whe weight.

A composiion comprising g plurality ol diserete carbon
nanatabes. wherein the diserete carbon punotubes comprise
an interior and exterior surlbee. each surface comprising an
mierior surface and an exienor surface oxidized species
content. wherem the interior surlace oxidized species con-
tent compases from abont .01 1o less than abowt 1 pereent
refutive o carbon nanotube weight sud the exterior surlace
oxidized specices content comprises more than abont 1 o
aboui 3 percent relative w carbon nanotube weight.

The composition of cinbodiuent 6 wherein thw discrete
curbon nanotabes comprise a plurality of open-cnded wibes.

The compostion of embodiment 6 wherein the plurality
of diserete carbon nanotubes comprise a plorality ol open-
ended (ubes.

The composition of cinbodiuent 1 wherein thw discrete
curbon nanotabes comprise a plurality of open-cnded wibes.

Use of the composition of embodiment 1 a5 an jon
irimsport.

Use of the composition ol embodiment 1 as targeting.
sequestering and lubeling agent 1 ground water reimedia-
ton.

Asensor comprising the composition of cabodiment | or
embodiment 6.

A drug delivery or controlled release formulation com-
prising the composition of embodinent 1 or cinbodiment 6.

A batiery compnising the composition of embodiment 1 or
embodiment 6.

A formulation comprising the composition ol embodi-
wend 1 oor cubodiment 6 (urther comprising an cpoxy. a
polyurctine. or an clastomer.

The composition of embodiment | or embodiment 6
{urther comprising al least one hydrophobic matenal in
contact with al least one interior surface.

The composition ol cwbodunent 1 or cibodinent 6
wherein the nner and outer surface oxidation ditlerence 1s at
least about (12 weight percont.

The compositon of embodinent 1 or embodiment 6 and
al least one plasticizer sorisctant. wherein the discrete
curbon nauetubes have an aspeet ratio ol about 106 w0 about
500, und wherein the carbon nanotubes have an oxidation
level ofabout o 3 percent by weight of carbon nanotlubes.

The composition of embodiment 18 wherein the compo-
sition comprises Trom about 1) weight percent o aboutl 90
weight, prelerably from about 10 weight percent 1o about 40
weight percent. discrete carbon nanotuboes.

The composiiion of embodiment 18 wherein the oxygen-
ated species is selected from the gronp consisting of car-
boxylic acids. phenols. aldehydes. ketones. cther linkages.
and combinations thereol.

The composition of cmbodiment 18 wherem the toial
oxygenated specics content of the inteor surlice and exte-
nior surfuce comprises from about 1% v 15% by weight of
the carbon nanetubes,

The composition of cabadiment 18, wherem the surluc-
tas 18 selected {from the group consisting of dicarboxylic/
ricarhoxyhic  csters,  timelliales.  adipates.  schacates,
waleates. glyeols and polyvethers. polvinene surlactants.
bio-bused suekactants, poly vinyl aleohols and mixtures
thereol.

The composition of embodiment 18, wherein the surlae-
tantis a process ol selected from the group consisting ol
naphthenic oils. paruflin oiis. paraben oils. aromatic oils.
vegetable oils. seed oils. and mixtures thereol
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The composition ol embodiuent 23 hoving o viscosiy
about ihe same as. or less than, an wentcal composition
comprismng the same elements m e same ratios. except the
carhbon nanotubes are not discrete but are entangled as-
manuluctured.

The composition ol embodimnent 18, wherein (e surfuc-
it 15 g waler imiscible solvent sclected lrom the group
consisting of xylene, pentane, melhvlethy! ketone, hexane.
heptane, eihy! acteiate. cthers. dicloromethane, dichloroeth-
ane. cyclohexane. chloroform. carbon ieirachloride. buiyl
ucctate butanol. benrene. sud mixtores thereol

The cowposition ol embodiment 18, further cowprising

un mnorganic filler selected from the group cousisting of

silica, nano-clays, carbon black, graphene, glass fibers, and
mxivres thereol

The composition of embodiment 18 in the form of free
Nowing particies.

A process o make the compositon ol embodiment 18,
comprising the steps off o) sclecting o plurality of discrete
carbon panotubes having an average aspect tatio ol from
about 1 10 about 300, and an oxidative speeies content iotal
level from about 1 16 about 15% by weight. b) suspendiog
the diserete carbon nanotabes 10 an agreons medimun at o
nanotube concentration from about 1% 10 abount 10% by
weight to form an agueons medivmanotube shiry. ¢)
mixing the carbon nanotube/aqueous medium slorry with at
least one plasticizer ot o temperature from about 30° O, (o
abount 100% ¢, For sullicien tme tat the carbon aanotubes
migrate from the agqueons medinm to the plasticizer o form
a wel nanotube/plasticrzer mixture. ©) separating the aque-
ous medinm {from the wet carbon nanoinbe/plasticizer nux-
wre W o o dry nanotwbe/plasticizer mixture. and 1)
removing residual agqueous medmm from the dey wanowbe!
plasticizor mixtore by drying from about 40° . 0 about
120° (. to form an anhydrous nanotube/plasticizor mixiure.

The composition of embodiment 18, wherein the compo-
sition is tarther nuxed with at least one rabber,

The composition ol embodimem 29, whercin the rabber 1s
a nalnral or synthetic rubber selecled from the group con-
sisting o natoral ubbers, polyisobuiylene. polybuiadiene
und styrene-butadiene rubber. butyl rubber. polyisoprenc.
styrene-isoprene rabbers. styrene-isoprene rabbers. ethyl-
cue. propylene diene rubbers. silicones. polvurethones. poly -
esier-polyethers. hydrogenated and non-hydrogenated nitnle
rubbers, halogen modified clastomers,  Hooro-clastomers,
undd combinations thereof,

The compaositon of ciubodinent 18, wherein the compo-
sition further comprises at least one thermoplastic polyimer.,
al least one thermoplastic clastomer. or  combinations
thereof.

The compaositon of ciubodinent 18, wherein the compo-
siion further comprises at least one thermoset polvimer.
preferably epoxy. or polyurethane.

A composition vsefnl for treating groundwater that has
been contuminated with dry-cleuning compounds compris-
ing u plorality ol discrete carbon panotubes. wherein the
discrete carbon nanolubes comprise ain llerior and exierior
surface, each surlace comprising an interior surface oxidized
species contemt and an exterior surface oXidized specios
comtent. and ot least one degrudative molecule that 1

attached on the ntenor or extenor surliuce of the plurality of

discrete carbon nanoiubes.

A filimtton mask comprising @ pORWoOVeR comprsing
polypropylene, a plurality of carbon nanoiubes, wherein o
plurality of surlices ol the nanotabes is i contact with
polvvinyl aleohol. wherein the mask filters and loads with o
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virus such us SARS CoV-2o and whercin the carbon nane-
whes exhibit a varying elecineal conductvity belore and
after loading.

A method of mereasmg or accelerating cellular prowih
comprising contacting cells with o pluranly ol discrete
carbon nonetnbes,

Fabric imbodments

A woven or nonwoven fabric. cach comprising al least
one laver iaving at least one surluce. wherein thw at least one
laver compnses o composition compaosing o plorality ol
discrete carbon nanotubes. wheremn the discrete carbon
nancinbes comprise an mierior and exienor surlace, the
interior surface comprising an nterior surface oxidized
specics content and the exterior surface compnsing an
exterior surlace oxidized species content. wherein the nte-
ror surlice oxidized spocies content differs rom the exie-
ror surface oxidized specics content by at least 20%., and as
high as 100%.

The nouwoven fabric of cbodinent 1. wheremn the
uonwoven luboce comprises at least one member from the
group consisting ol spunbonded {abrnic, thermally bonded
staple fiber. spunlaced fabric. and melt blown fabric.

The spunbonded Tabric of embodiment 2. wherein the
lubrc comprises at least one thennoplastic polymer selected
lrow the group consisung ol polypropylence. polyethylene.
polyethylene terephihalate. and nylon.

The sponbonded fabric of embodiment 3 comprising al
least two lavers.

The spunbonded fabric of cinbodiment 4. wherein cach
layer comprises polypropylene.

The spunbonded {abrce of embodiment 5 wherein the
plorality of discrete carbon nanotubes has o surfaciont in
conlact with at least o portion of a surlsce of the nanotubes.

The spunbonded lubne of cbodiuent 5 wherein the
pharality of discrete carbon manotnubes has polyviny! alco-
hol in contact with at least a portion ol a surface of the
nanoinbes.

The spunbonded lubne of cobodiuent 7 wherein the
lubre comprises at least 3 layers.

The spunbonded {abric of embodiment 8 wherein the a
least one layer comprises at least one interor layer of the
lubne. wherein the nauotubes are wol i contact with an
exterior luyer.

A Dlranen mask comprisig the spunbonded fabric of
embodiment 9.

A wipe comprising the fabric of embodiment 7.

Adiher comprisig the spunbonded lubne of cinbodiment
Y,

A method of filiering SARS CoV-2 comprising contacting
the SARS CoV-2 with the mask of embodiment 9.

The method of embodiment 13, wherein the aterior layer
of the fubric is costed with o dispersion comprising the
nanalube composition using ua spray coating echiigue.

The composition of embodiment 1. wherein the plurality
of discrete carbon nanotubes comprises a plurality of open-
ended wbes.

The composition of embodiment 1 wherein the nerior
surlace oxidized species content is less than the exterior
surface oxidized species content.

The composition of embodiment 1. wherein the plurality
of diserete curbon nanotubes comprises o surlactant that is
selected W0 attract o virns or other pathogen.

Other Uses of Carbon Nanotwbe Compostiions (o Control
sathogens Such as SARS COVID-2

The nanotubes described herein (whether Hnctionalized
or fon-functonalived) ond nanotube compositions described
herein may be uselul m many dilferent manners W reduce.
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control. absorb. deactivate. detoxily. andfor kill pathogeas
like viruses e SARS COVI-2, bacieria, mold. hongi.
chemical or biological agents ote. That is. wsing the nano-
nbes and/or panoinbes m composttions with other compo-
ety as g plationu. pathogens way be redueed. controlled.
absorbed. deactivated. detoxificd. sudfor Kiiled.

The specilic nanotube pladorm employed along with the
specific composition and amount of nanoiubes may vary
depending upon the desired application. the purticular patho-
geit. ad the desived cflect.

As deseribed above. vaoons woven and pow-woven fab-
rics and the hke may be coated with vanons nanoinbe
composinons lor use in {or example, various antviral
applications such as wipes lor surluces comprising putho-
gens. wusks, respiators. air Olters for house or auto or
arrplane or other vehicles, filiers for human blood {low such
as dialysis or delivered as a drug o filter human longs.
surgical gowns. ploves. aprons. clothmg. and/or other por-
sonal protective cquipment such as may be g smituble form
such as [ilm or semi-breathable (ilins. In doing so 11 may be
nsehul to coat said article while it is being (spun bonded or
otherwise) or aller formation with a dispersion of carbon
nanotubes sueh as those deseribed in. lor example. LLS. Pt
No. 10,493,626 entded “Dispersions comprising discrete
carbou manotube fibers™ wiich patent 1s incorporated herein
by reference.

In one cmbodiment an air {ilier may be comprised of a
(ilter media comprising a plurality ol discrete carbon nana-
wbes and be made of similar materials sod W o sunilar
manner as the masks described above. The amount of
discrete carbon nanoinbes may vary dependmg vpon the
{{lter media. {ier confipuratton. deswed resulis, and other
factors. (o some embodinents generally about 0027 g 25
g of nauotabes per square meter of media may be employed.
That 15, af Jeast from aboui 0027, or from about 0.05, or
from about (175, or from about 1.0, or {rom about 2. or from
abont 3. or from about 4. or from about 5. or from about 6,
or lrom about 7. or from about 8. or from about Y. or froim
abount 10, or from about 11, or from about 12, or lrom about
14, or {rom about 16. or from about 18, or from about 20, up
0 about 25, or up 1o about 22, or up (o0 about 20, or up 0
about 18, or ap w abowm 16, or up 10 about 14, or up to about
12. or up 10 about 10, or up e about 8. or up o about 6. or
up 1o abont 5. or up W about 4. or up o aboa 3 or up W
abont 2. or up 1o about 1, or up 1o aboui 0.73, or up 1o about
0.5 g of panolubes per square meter of media may be
ciuploved.

In some embodiments at least one surlsctant may be
canploved. The surfactant may be one of those described
previously {or masks or may differ depending upon the {ilter
maedia and other componenis. Surfaciants may include, lor
example. polviactic acid. o polyvinyl alcohol. o polyethyiene
oxide. a polyvalycolic sad. polyvinylpyriolidone. o poly-
acryhie acud. carboxy methyl cellulose, a peptide. a polysac-
charide. or a protein.

In some cmbodiments the air filter loether comprises o
polviner such as polypropylene with o meit Qow rae as
desenbed ubove, Other Diter media may be employed alone
or in mixivres. For example. suitable {ilier media may
comprise o {iberglass, a polyester. cellulose, colton. a poly-
propylene. an servlic. or g combimton thereol. In somwe
cinbodiments the air filter may lunher cowpose o corona-
virns al least partinlly adhered w0 the plurality of discrete
carbon narolubes.

The surfactant may be eployed 1o the filtler media in any
convenicnt manner such as spraving or dipping or may be
incorporated on the filter media as 11 1s being Gabricated or
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lonued. In some embodiments the surfactant 1s bonded or
otherwise adhered w0 the polymer or other media and the
nanoinbes in some conveniont manner. In some embodi-
ments a surtactant 15 crosshoked or at least partally cross-
hnked sueh as o crosslinked polyvinyluleohol. In some
embodinents the surfactont. Gilter media, and punetubes are
conligured such that u surfactont or gt least partially cross-
linked surfactant forms o film or other mechanism that
thciliiates retention of the anti-viral nanotnbes on or near the
filier media such that the nanotubes may deactivate and/or
cupture virns which is exposed (o the filter media comprising
nanotabes. For exauple. in the case ol o polypropylene or
ather Ober filter media g polyviny] alcohol could be cross-
linked to form a (lm surrovnding the polypropylene fiber
which wonld adhere the nanotnbes yet have ai least a portion
of the nanotubes exposed such as to capture a vims or other
pathogen.

In some embodiments crosslinking may be Facrlitaed
with o cataiyst. The choice of catalyst vanes depending upon
the type ol surfactani, filter media, and desired charactoris-
tics. Uselul catalysts may mclude heat as well as those
cutalysts with antiviral activity ke copper and the other
wetals listed below such as. for example. silver. gold.
ruthenum. vanedmm. copper. litapium. ron {ferrocene).
Lithamedes and other metal 1ons.

The filier media may be in any suitable confignration such
as. lor example. those vsed in conventional air flters. In
some cuses thw Dler wedia comprises lbers m the lono ol
a mal. As desenbed above, antiviral meial or other com-
ponnds may be included such as. {or example. silver. gold.
ruihenium. vanadiom. copper. titanium, iron (ferrocenc).
lanthamdes and other metal ions. o some embodiments
activated carbon may be employed on the Diter or mixed
with the nanotubes in any suitable manner.

In some cmbodiments the air ey meets or exceeds May
11, 2020 requirements o be approved as a medical reciren-
lating air cleaner by the FDAL The air filter straeture may
typrcally be constrocted similar o0 HEPA fillers and the
nanciubes may be included during the process or added
afierward. Typically. the nanotubes are allixed in @ manner
such that they do not substantially dislodge Trom the filer
during use. That 1s. they are adhered or otherwise allixed w
thwe filter media via the surfactont. air permeable bonding. or
m some other manner. In some embodiments the surfaciant
s i contact with ot least a portion of a surkice of the
nanatabes. in some embodiments using glass Ober wedia as
1 L EPA Dihers the glass libers are created by passing welten
glass or plastic through very {ine pores i1 a spunmg noszle.
The resuliing glass {ibers cool and harden guickly duee to
iheir tiny diameiers. Specific manufacturing techniques may
be lound in. lor example. Cooper. David Cooand oL Aldley.
Adir Pollution Cowmtrol: 4 Design Approach. Prospect
Heighis, 0L Waveland Press. Ine. 1994 Godish, Thad.
Indooy Favieonmenal Ouality. Now York: Lewis PPublish-
ers. 1999 and Mycock. John Co.oet al. Handbook of dir
Pollution Control Engineering and lechnologe. Neow York:
Fewis Publishers. 1995 which are incorporated herem by
reference.

In other embodiments a plorality of carbon nanotubes
described above may be cuploved as o couting on. lor
exuinple. o surface w potentally capture and/or deactivate o
pathogen such as a coronavirns or other pathogen desenbed
above. That is any hard surface conld be coated with, for
example. a coating like a varish compnsing an appropnate
uamber of nanotubes depending vpon the tvpe and oumber
of pathogens expected. T tis munner. o device such s cell
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phone. ipad. laptop. wallet. able. wall. bed. or other surface
may be clfectively sanitized belore a potential user touches
it

Use of MGMR w Treat Viral Inlectons Such as Coro-
navirus

MOGMR (medical grade MOTECULAR REBAR® brond
discrete carbon nanoinbes). has the ability 10 adsorb pro-
fems, anit-bodies. drogs. penetic matenals and many ho-
logics. MGMIR was shown o adsorb and release vacenwe
components:  adppvants. antigens and  epitopes. When
MOGMIT is wsed 0 comugation with vaceine matenals.
several mechamsms o suppressing the viral activity are
possible. MUGMR loaded with vaccie components can
shuttle e organs ol the immone systene thymus gland.
liver. boue morrow. wnsils. Ivmph nodes and lymphate
system. spleen and blood. Wit these tissues, MGMR can
infiltzate cells of the immune sysiome B-cells, Cyviotoxic
T-Cells. Helper T-Cells, Natugal Kaller Cells, Monoceytes,
Dendritic Celis. Neatrophils and Stem Cedls and deliver
vacclw componcits W sites on the celiular membrane or
within the cellular eytoplasm. In additon to speciflc vaceme
components, MGMR can be loaded with agents for height-
ciung  mmone  sctivation such  as  munoglobulins.
immune-cviokines and components of the biood comple-
ment cascade.

In addition (o acting on the mmune system o redoce viral
activily, MGMR may engape the virs dircetly 1o reduce
virul load and slow-down viral replication. The viros itsell
cait be absorbed on MGMR. suppressing the ability of the

virms o inlect cells and replicate dsell Newtralization of

vieal activily may increase the window ol tme lor the
immune system o0 monnt an effective response o the
infecton. Another roule for reduction ol viral load 1s
MOGMIL removing viruses from the blood sud tissues. as
during the course of its ¢irculation through the body and
eveniual clearance via exerction in vrine and feces. The
combination of these two phenomena may alleviaie the
clicets of thwe viral inlection. Panticularly with viruses such
us Coronavirus. sllowing the body o sappress the ellects of
the virus on many body functions will allow the body (o
throw ofl the effects of the virus.

The high surface-to-volome ratio and ability of MGMIT o
trap viruses and other puthogens is also exploitble outside
the body. where 1t serves as the basis {or disinfection
methodology. MGMR-containing filiers can be nsed to scrub
virmses and pathogens from circulated blood., in addition (o
delivery ol anti-viral agents. MGMR con also be used 1w
sunitize fluids {c.g. water) and guses (e.g. aird as Ollering
devices. and MOMR-contaimng matenals such as sponges,
gels and textiles can be used as sanitzers/disinlectants by
removing viruses and pathogens {rom solid surlaces.

Athird set of possible pathways o control o viros infec-
tion such us coronavirns is W adsorb anti-viral agents on thwe
MOGMR and release them m blood and tissues. These agents
inchude. for example. Remdesivie Hydroxycehloroguine,
Chioroguine and Lopinavir-oonavir. The agents will be
much more elicctive as the virus is rapped on e MOGMR
near the anti-viral agent. i elleet olier o woch higher focal
concentration of the anti-viral agent allowing it o destroy
the virus. With the anti-viral agent on the MGMR. the
treatinent of the vieus con be done at woch higher effective
coneentrations that can be done with just the anti-vieal agent.
MCGMR con be used o control the biological distribution
(ime and Jocation) as well as dosing of anii-viral agents.
Due to the small size and large surlace aren of MGMR,
treatinent cun be done st the molecuiar seale and the eifeets
are measured by the number of molecuies and MGMIR rather
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than systemic concentration ol the drug alone. ‘This will
allow from 5x. or 10x, or 30x or more up o 100x or more
betier effectiveness of e viral agemt. This same approach
can be used {or boih bacterial and viral infections by vsing
an approprate agent lor the tvpe ol inlection,

Functionalized Carbon Nanotubes Such us MGMR

For some applications it may be paricularly wsehol io
employ nanoinbes that have been  functionalized with
another chemical moiety. Fonctionalized carbon nonetubes
generally refer o the chiemical modilication of any ol the
curbon nanotibe types described hereinabove. Such modi-
fications can involve the nanotnbe ends. sidewalls, or both.
Chemical modifications may include. but are not limited to
covalent bonding. wonic bonding. chewisorpuion. intercala-
ton. surfactont interactions. polviner wrapping. cutling.
solvation. and combinations thereol. In some embodiments.
the carbon nanotubes may be {unctionalived before, during
and after being extoliated. The carbon nanoinbes may have
oxidation species comprising ol carboxylic acid or denva-
uve carbonyl comaining species aud are essentialiy discrele
mdvidual {ibers. not entangled as a mass. The denvative
carbonyl species can mclude ketones, guaternary amines,
amides. esters. ucvl hologens. monovalent metal salts and
the like.

The particular nnctionalizaton may  vary  depending
upon e pathogens to be atiacked and the manner of
delivery of the anti-pathogen nanoiube compositions. For
exaiple. i some cwbodiments 10 may be desirable 1o
lunctionalize with antiviral metals or metal compounds or
complexes. Allernatively. the nanotubes may sumply be
mixed with antivikal metals or metal compounds or com-
plexes with, {or example. vanows polymers. Antiviral metal
or wetal compounds include those metals such as silver.
gold. rathenmm. vanedium. copper. litanivin. won {ferro-
cene}. lanthanides and other metal jons.

In other cmbodimenis {onctionalizaton or mixmg the
aanoinbes o surfactant/nanoinbe compositions wilh an anti-
viral drug. antigen. or drug/sutigen wixtare way be desie-
able. The speciiic drog or drogs and/or antigens sclected will
vary depending upon the pathogen o be targeied. applica-
ton, and desired resulis. Suitable antigens include. for
exuinple. antigenic proteins. peplides (aine acid chains)
and polysaecharides (chains of monosaccharides/simple
singars} as well as. lipids and nueleic acids combined with
proteins and polysacchandes.

Suitable drogs may include those found in. for example.
thwe 2020 arucle catitled A SARS-CoV-2-Tuman Protein-
Protein nteraction Mup Reveals Deug Targets and Poteatial
Prog-Repurposing”™ by David 15 Gordon et al. which artcle
15 incorporaied herein by relerence.

I sum. manotube compositons may be cmployed i many
different lornus alone. andfor with surfactams. with aitiviral
wetals. with antgens. and/or with vanons drugs 1o control
pathogens hke viruses ¢ g, SARS COVIX-2. bactena, mold.
{ungi. chemcal or biological agents ete. The compositions
reduce. control. absorh. deactivate. dewsaly. aud/or kil the
puthogens such that o pathogen or pathogens deleterious
elfects are reduced andfor climinated.

Representative Specilic bmbodiments
1. A {formolation comprsing a plurality of discrele carbon
uwanotabes wherein the plurality ol carbon nanotubes is
conligured (o control or reduce the deletenons elicet of one
oF more pathiogens.

2. The formulation of Lmbodiment 1 wherein the formula-
ton forther comprises a surlactant.

3. The ormulatoen of Fnboediments 1 or 2 wherein the
loriation Darber comprises an anavical metal or metal
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componid wheren the metal is selected from silver., gold.
rutheninm, vanadamum. copper. Gitagiom, iron (lerrocene).
lanthanides. or other metal wns.

4. The formulation of any one of Pmbodiments 1-3 wherein
the Tormulaton (arther compnses an antigei.

3. The lormmlation of any one of Fmbodinents 1-4 wherein
the formulaton Torther comprses oue or more componnds
sclected from those in A SARS-CoV-2-luman Protem-
Protem Interaction Map Reveals Dirog Targets and Potential
Prug-Repurposing” by David . Gordon ot al. which article
is incorporated herein by reference.

6. The lorimalation of any one of Pmbodineints 1-5 wiherein
the plurality ol carboun nunetnbes are luncuonaiized with an
antiviral metal. an antigen. one or more componnds selected
from those in A SARS-CoV-2-Tuman  Protein-lroicin
Interaction Map Roveals Dy Targets and Potential Diog-
Repurposing” by Duvad B4 Gordon et al. which article 1s
incomporated herein by relerence. or o mixtare thereol.

7. The lorimalation of any one of Pmbodinents 1-6 wherein
ihe pathogen o be reduced or controlled 15 selected from
virns, baciena, mold. fongi. & chenical agent. a bological
agent. and mixiores thereol.

8. The formulation ol any one ol Himbodiments 1-7 in a lom
surtable for application © g personal protective cgquipment.
9. The formulation of Fmbodiment 8 wherein the personal
protective equipment is a mask, gown. glove, tace shield,
aproi. or other clothing.

1), The tormlation of any one ol HFubediments 1-7 i a
form smtable lor application or adiwerence o o puthogen
prone surlace.

11. The formulation of any one of Embodiments 1-7 in
Form suitable for application o an air filter Tor o building. o
vehicle. or machinery.

12, The tormlation of any one ol Hubediments 1-7 i a
form suitable for application o a ventilator.

13, The {ormmlation of any one of Lmbodimenis 1-7 in a
Form snitable for nse 1 blood dialysis.

14, The tormlation of any one ol Hubediments 1-7 i a
form suiable for use in lungs.

15 The {ormlation of any one of bmbodiments 1-7 in
form suitable for human ingestion.

16, The fonmlation of any one ol Hubediments 1-7 i a
Form suitable for spraving. dip couting. injecting. or misting
an apparatus in need of pathogen conirol or reduction.

ADIDTIONAL EMBODRDIMENTS

LoAn air filter comprising a {iller media comprising a
plurality of discrete carbon nanotubes iy an amount ol from
abont (.5 2 to about 2 g of nanotubes per square meter of
said {ilter media and at least one surlictant whercio the air
{ilter Turther comprises polvpropyiene with o meit flow rate
ol from about o about 300 /10 min. and wherein the air
ey forther comprises a coronavirs ol least parially
udhered W the pluraiity of discrete carbon nanotabes.

2. The air filter of Hnbodinent 1 wherein the air filter meets
or exceeds May 11, 2020 requireinents 1 be approved as a
maedical reciwenlating air cleaner by the FIDAL

3 The air {ilier of Lmbodiment 1 wherein the filtor media
comprises (ibers in the forn of o wat.

4. The air dilter ol Embodimen 1 wherein the sacfactant 1s
a crosslinked polyvinylalcohol.

5. The air {ilier of Lmbodiment 1 wherein the filter media
comprising the plorality of discrete carbon nanotvbes com-
prises nanolubes 10 an amonnt of rom about .73 ¢ o about
2 g ol nanoibes per square meter ol suxd filler media,
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& "The wr filter of Embodiment 1 wherem the (ilter media
comprising the plurality of discrete carbon nanotubes com-
prises nanoinbes in an amount of from about 1.0 ¢ 1o abowt
2 2 of manoinbes per square meter of said filler media.

7. The wir filter of Embodiment 1 wherem the ilter media
comprising the plurality ol discrete carbon nanoinbes com-
prises nanotabes i an amount of from about 0.5 g w abount
1 g of nancinbes per square meter of said filler media.

& The air {ilter of Fmbodiment | wherein the polypropylene
hars a mell How rate of from about 2040 about 300 2710 min.
according 10 ASTM D238 2,16 kg 230° ¢

Y. The air Gler of Bbodioent 1 wherem the polypropylenc
has @ melt fow rate of from about 1o about 100 ¢/10 min.
accordmg o ASTM 1DI238 2.16 kp 230" (.

10 The air filier of Fmbodiment 1 wherein the polypropyl-
ene has a melt Jow raie of from about 20 10 about 100 2710
win. secordig e ASTM D123R 2,16 kg 230° €.

. An air filter comprisig g Oler media compnsing o
plarality of discrete carbon nunotabes i an amount of from
about 0.5 p fo abont 25 ¢ of nanotubes per square meter of
said filier media and at least one surkactant wherein the air
filtor {urther comprises a polymer and wherein the air filier
lurthwr comprises o coronavirns ot least partially adhered 10
thwe ploraiity of discrete carbon nunotnbes,

12. The arr {ilier of Timbodiment 1 wherein the at Jeast one
surlhctant 15 a polylactic acid. a polyvinyl alcohol. a poly-
cibylene oxade. a polyglveolic acud. polyvinylpyrrolidone, a
polyaerylic acid. carboxy wwthyl cellulose. o peptide. o
polysuccharide. or o prowii.

13, The air filer of Embodiment 12 o which one surluctant
15 al least partally cross-linked.

14, The air {iler of LBmbodiment 11 forthor comprising a
metal or metal compound wheromn the metal or metal
compound comprises copper. silver. or other metal active
with virus.

15, The air Gilter of Embodiment 11 wherein the at Jeast one
surfaciant 15 a crosslmked poly vinylakeohol.

16. The air {ller of Bmbodiment 11 forther comprising
activaied carbon.

17. The wir filer of Bmbodiment 11 wherein the air liher
weets or exceeds May 11 2020 requirements to be approved
as o miedical recirenlating air cleuner by the DA,

15, The air {ilier of mbodiment 1 wherem the {Hier media
comprises fibers in the form of 2 mat.

19. An air filter comprising o filler wedia wheremn the diher
wwedia comprises a plurality ol discrete carbon nanotubes in
an amount of from about 0.5 2 o about 25 ¢ of nancinbes
per square meter of said filter media and wherem the air filter
luriher comprises a coronavirns af least partially adhered 1o
thwe ploraiity of discrete carbon nunotnbes,

20, The i filer of Embodiment 19 wherein thwe (iller media
comprises o fiborglass. a polyester. cellulose. coiton. a
polypropylenc. an acrylic. or a combination thereol.

21 The i fiber of Embodiment 19 wherein thwe (ilier media
comprises fibers o the form of o mat.

22. The wie (her of Embodiment 19 wheren the wr filer
mects or exceeds May 11, 2020 requirements (o be approved
as 2 medical recirenlating anr cleaner by the FIDAL

23, The air Gler of Embodimem 19 Tunther comprising u
wwetal or metal compound wihereln e mewi or metal
compound comprises copper. silver, or other mctal active
with virus.

24, The air {ilter of Lmbodiment 19 further comprising ol
least oue partinlly cross-linked surfactunt selected lrom
polyluctic acid. u polyvinyl aleobod. o polvethylene oxide. o



US 10,919,020 Bl

37

palvalveolic aad. polyvinylpyrrolidone. o polyacrylic acid.
carboxy methyl cellulose. a peptide. a polysacchande. or a
profem.

Wit 15 claimed 1s:
1. An air {fer comprisig a {ller media comprising a
plurality of discrele carbon nanotubes in an amount ol from

about 0.3 ¢ 1w abom 2 g of nanctabes per square wweter of

sand Dler media and at least one surlactant wherein the air
{ilter Turther comprises polvpropyiene with o meit flow rate
ol from about o about 300 /10 min. and wherein the air
ey forther comprises a coronavirs ol least parially
udhered W the pluraiity of discrete carbon nanotabes.

2. The air filter of cliam T wherein the air her meets or
exceeds May 11, 2020 requirements (o be approved as o
maedical reciwenlating air cleaner by the FIDAL

3 The air fllier of clam 1 wherein the (ller media
comprises (ibers in the forn of o wat.

4. ‘The air filter of ¢l T wherem the surluctant com-
prises @ crosslinked polyvinylaleohol.

5 The air {llier of claim 1 wherein the (ller media
comprising the ploeality of discrete carbon panotubes com-
prises nanolubes 10 an amonnt of rom about .73 ¢ o about
2 g ol nanoibes per square meter ol suxd filler media,

6. The air {llier of clam 1 wherein the (ller media
comprising the plorality of discrete carbon nanotvbes com-
prises nanotabes T an amount of from about 1.0 g (o about
2 g ol nanoibes per square meter ol suxd filler media,

7. The air {llier of clam 1 wherein the (ller media
comprising the plorality of discrete carbon nanotvbes com-
prises nanotubes inan amount of from about (.3 g (o about
1 ¢ ol nanotubes per square meter of suid diler media,

8. The air filer of claim 1 wherein the polypropylene has
a mellt How rate of from about 20 0 about $00 2/10 min.
according to ASTM 121238 2.16 kg 230° (.

9. The air filer of claim 1 wherein the polypropylene has
a melt Oow rate of from about 1 10 about 100 /10 min.
uccording w0 ASTM 121238 216 kg 230° ¢,

10, The arr filier of claam 1 wherem the polypropylenc has
a mellt How rate of from about 20 0 about 100 2/10 min.
uccording w0 ASTM 121238 216 kg 230° ¢,

IT. An wir filter compnsing o (lter media comprising o
plurality of discrete carbon nanotubes iy an amount ol from
abont 0.3 g 10 aboui 25 g of nanotubes per square meter of
said {ilier media and af least one surfactant in af least partial
cortact with the plocality of nonotubes wheren the air Giler
further compnses o polyviner and wherein thwe air Giler funber
comprises o coronavirus at least partially adhered 1o the
plurality of discrete carbon nanotubes.
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I2. "The air dilter of claim 1T wherem the st least one
surlhctant 15 a polylactic acid. a polyvinyl alcohol. a poly-
cibylene oxade. a polyglveolic acud. polyvinylpyrrolidone, a
polyaerylic acid. carboxy wwthyl cellulose. o peptide. o
polysuccharide. or o prowii.

13, The air (lier of claim 12 in which one surlactant is al
least partially cross-lmked.

I4. The wir (ilter of clunin 11 forther composing a metal or
wwetal compound wherein thw metal or metsl compound
comprises copper, silver. or other metal active with virs.

15, The air filler of claim 11 wherein the at least one
surlactant 13 a crosshinked polyvinylaicohol.

16, The air filler of cloim 11 foriher compnsing activated
carbon.

17. The air {ilier of claim 11 wherein the air filier mects
ar exceeds May 11, 2020 requirements 10 be approved as a
wwedical recirculating air cleaner by the DAL

18. Anair filier comprising a {ilter media wherein the filier
media comprises a ploralily ol discrete carbon nanotubes in
an amount of from about 0.5 2 o about 25 ¢ of nancinbes
per sauare meter ol said filter medio and wiwerein the air filer
lurthwr comprises o coronavirns ot least partially adhered 10
ihe plorality of discrete carbon nanoibes.

19. The air (ller of claim 18 wherein the {ilier media
comprises o fiborglass. a polyester. cellulose. coiton. a
polypropylenc. an servlic. or o combination thereol.

20, The i filier of ¢l 18 wherein the iher media
comprises fibers in the form of 2 mat.

21. The air (lier ol claim 18 wherein the ai filter meets
ar exceeds May 11, 2020 requirements 10 be approved as a
wwedical recirculating air cleaner by the DAL

22, The air fiter of claim I8 Turther comprising a metal or
metal compound wherein the metal or metal compound
comprises copper, silver. or other metal active with virs.

23, The air dilter of claim 18 funiwer compnsing al Jeast
one partially cross-linked surfactant seiceted lrom polyvlactic
acid, a polyviny! aleohol. a polyethylene oxide. a polvgly-
colic acid, polyvinylpyrrolidone. a polyvacrylic acid. carboxy
meihy! cellulose. a peplide. a polysaccharide. or a protcin.

24, The air filler of clunn 18 whwerein the plurality ol
discrete carbon nanotubes comprise an interior aid exterior
surface. the mierior surlhce comprising an inlerior surlace
oxidized species conient and the exterior surface comprising
an exterior surlsce oxidized species content and wihwrein at
least o portion of the plurality of discrete carbon nunotubes
hove an interior surlice oxidized specics content W ditlers
{rom the exierior surlace oxidized species content by at Jeast
20% up 1o 100%.



