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ELECTRET WEBS W TH CHARGE- ENHANCI NG ADDI Tl VES Fi el d of

the Disclosure This disclosure relates to electret
wowrds/1487me| udi ng non-woven fi brous webs such aBCT/US2009/042652

non-woven thernopl astic mcrofi ber webs, containing

char ge- enhanci ng additives and uses thereof.

Background An electret is a dielectric materi al

exhi biting a quasi-permanent el ectrical charge.

El ect r BLECARETUWERN WIIRHL R ARGE-FNEFANIEIN G éeDDITIVES

including, e.g. cling filnms, air filters, filtering

facepi eces, and respirators, and as electrostatic

el ements in el ectro- gGelaSifithe PREdsABe SUCh as

m crophones, headphones, and electrostatic recorders.

Th e Tb@rdlwqmm:r@la@fs tmelﬂﬁ'@iﬁr vorbsuigcluding nesedoenriibgeysosdls such as

[tration art.ing an el.ect

noggh G el RoRa i RighTer YEf SR ol e g Mdif s pna
usddahdrbsul ar, electrets are effective in enhancing

particle capture in aerosol filters. A nunber of

nmet hods are known for formng electret materials in

m crof i brous webs. Such @p Qqﬁs i,bhcl ude, for exanple,

bonbar di ng nel t-bl own fi arssraan ghey i ssue fromthe

di e Agrdlédtuees,a @slctthie ndtdrei sxidbRink Qrqias-petbitnt electrical charge.
electrically charged particles such as el ectrons or

Elgcgrts aropseéyl iirp tvAiaels of deviersdnclpding exarphing fillmpapigfilgys. fHiring
faceglgg rg{ 1Ie 1rattores‘ 2}’1\1% Is ef’ectr teWiec elergﬁ tmien 51? P%-%c%u]sq%%%erwces such

rona®ti SCharge or
as ﬁ‘i@éro%&bnﬁ? > R8dfhon €4 el Bl@ct&ﬁ@ﬂtﬁrred‘tﬁ@&h e tacki ng

\(A;tr Ig he %Eg%gégﬁg&%ggérlo%’s Waebsnﬁger(]iofgr Iaerlrog\okl] Iﬁclzt?at{o%t csan%fe improved
by imparting an electrical charge to the fibers, forming an electret material. In particular,
electrets are effective in enhancing particle capture in acrosol filters. A number of
methods are known for forming electret materials in microfibrous webs. Such methods
include, for example, bombarding melt-blown fibers as they issue from the die orifices, as
the fibers are formed, with electrically charged particles such as electrons or ions. Other
methods include, for example, charging the fibers after the web is formed, by means of a
DC corona discharge or imparting a charge to the fiber mat by means of carding and/or
needle tacking (tribocharging). Recently, a method in which jets of water or a stream of

water droplets impinge on a non-woven web at a pressure sufficient to provide filtration

enhancing electret charge has been described (hydrocharging).

Summary
Presented in this disclosure are electret webs containing charge-enhancing
additives. These charge-enhancing additives provide electret webs that are easy to charge
by a variety of different charging mechanisms such as hydrocharging or a combination of

DC corona discharge and hydrocharging.
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wat er droplets inpinge on a non-woven web at a

pressure sufficient to provide filtration enhancing
w@kmotssss4 char ge has been descri bed (hydrocharBETy$2009/042652

Summary Presented in this disclosure are el ectret webs

cont ai ni ng char ge-enhanci ng addi tives. These

char ge- enhanci ng additives provide electret webs that

ar eliegggye embedimeyis dswtbed Apicay, yheogleret vep éﬁmpélﬁ%r?’gﬁhﬁ@loplasm
res 3&?%‘ &{E'?%a éjrﬁﬂnaﬁ g&%h%ngjcﬁg}goﬁn 5N ?%hﬂ@& al%nno carbocyclic

Ccorona n sone

aro@iupi dharenils Tiﬁasaédt&edveb&h@ Be i He iBhﬁCbtf faeonM@Bven fibrous web or
conprises a thernoplastic resin and a charge-enhanci ng
CVRIRIPAT-VEVEORBIP R hn N-substi tuted anino carbocyclic

ar 0 ﬂ?gfhgr %B(?({lh]?lil% rdg%}gib%é g&tefne bn \%e%trgpﬂlté% qné ({IU,I{I ngﬁaﬁgép a non-

non- woven non-

Wom:ﬁ: frﬁcfrbﬁberr W\ﬂi)corﬂmlsbtghehﬁlelﬁhbﬁniﬂhﬁﬁmlﬂasﬂle $edin bx&ﬂa tiedrgd-enhancing
an electret filter medium conprjses a nonwoven

addfieg é?malé%mgxéa Neswistifudechgmenopsasbreyshic arammsiorpgipaal j Ehe clectret

ﬁlth_e Elaalﬂ ﬁgegg r@s?h‘@‘g)g g’l}%r a'cggdotnll \EntHATE %fs‘téﬁg fﬁf%rr a vehicle

stit am no ic aromatic materi al
verell@odnr @l‘stefn ﬁltﬁ[ aneidicandiiynet dier,iasfarmace Estpt, habem air purifier filter,
filter, ?on1ventllat|on systemfilter, a vehicle
a VOGHEg ¢ S%Ii‘eélffl &y, of 8rPIPHICEFISk dHvValiHeeondi tioner filter,

a f%l%a&lgcl{aée'dtzﬁé mcthdd3 G082 e lﬁlr'(r]g hl'L'e%Etrét' c% s‘ﬁ%?gfdmding a

cl eaner ter, or a conp rive
thetinsplhsie dn@teal merbodngf or qhageaanhm@uag] a&ldetuter &bmpﬁblng an N-

sing praviding a therno c materi.al;
SutﬁPWJd PAYI @Hacydice ﬁ??é‘??é‘icnﬁlag“é’&ft ‘%n@ nBYX1EE nije gfermoplastic

ma't\gféﬁ) Sttt E €ha ﬁg@ éﬁﬁaﬁaﬁ odﬁ}{fﬁlvb Cio2fRRBY 'tﬁexﬁﬁ)tp?a{shglble&p tand melt

t mxing t er nopl asti ¢
blowing the thermoplastic blend to form a microfiber web, and charging the web.

Detailed Description

Electret webs useful in the present disclosure include a blend of a thermoplastic
resin and a charge-enhancing additive. Webs prepared from such blends can show
enhanced properties over webs prepared with the thermoplastic resins alone. Useful
charge-enhancing additives include N-substituted amino carbocyclic aromatic materials.

The electret webs may be in a variety of forms. For example the web may be a
continuous or discontinuous film, or a fibrous web. Fibrous webs are particularly useful
for the formation of filtration media. In some embodiments the web is a non-woven
microfibrous web. Typically microfibers are 1-100 micrometers in average diameter and
the microfibers need not have a circular cross-section.

The terms “a”, “an”, and “the” are used interchangeably with “at least one” to
mean one or more of the elements being described.

The term “alkyl” refers to a monovalent group that is a radical of an alkane, which

a saturated hydrocarbon. The alkyl can be linear, branched, cyclic, or combinations

thereof and typically has 1 to 20 carbon atoms. In some embodiments, the alkyl group
2-
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material and the charge-enhancing additive to forma
t hernopl astic blend; and nelt blow ng the

W@ b@pmeggastic blend to forma mcrofiber web, P@ntHS2009/042652
charging the web. Detailed Description Electret webs
useful in the present disclosure include a blend of a
thernopl astic resin and a charge-enhanci ng additi ve.

conpigips 1 g dpak tdl % dden18ut i Bl leteds Ok Ario 4isathon ik elgkamples of alkyl
grd?lég Ptlecﬁlldeeﬁutoa\fgﬁ%tv}ﬁp]?edot{q &%{1& énwa)ﬁm ﬁ!&ﬁgf %%@P@gl St isobutyl,

ns al one

teri-b@y U@®ut\H 5 ubsehiyl,ui- E&yamyemhe@nmﬁmyu 6-oatydaldicthylhexyl.
materials. The electret webs may be in a variety of

f or MBS terat “dkemidi ecferdovie BropayRIg gown Hiat pudyadigel of an alkene,
R .
RGO T P Bl ERBESAER o DhORNE, YRPENEAT cn e

hnémplbﬁnclieral, SotiRe, emmdibmnbﬁs theecofedndi tgpidalino nommem to 20 carbon

m cr of i brous web. pi cal | n1crof|bers are 1-
atogyse r%ﬁ@fl@fs@bpﬁnm@r é‘”ﬁﬁn& NSy 9 k&aét?nléf?oﬁ ld)efl§0 10, 4 to 8,

2 tBesedz {bOB HP! o EhibGHla énsc.:r %§&nﬁ1§ﬁﬁ hl‘l%EWT%&ﬂ{]s%g‘tﬁlde thenyl, n-

the" are used I nterchangea
pmmeﬁﬁtmahebukﬁﬂnean one or nore of the elenents being

described. The term"al kyl" refers to a npnoval e

gr o Be tieia - ﬁllgyrbylr é%f?’@atp HMOFAVHEK HHRUD {3 ¢h2 | rédlaal of an alkyne,
c%t 1l§ Yﬁqno\gﬂﬁ QP[%astT g c%%\ﬁ' cafl t@@lel bAMIA The alkynyl can be
ranc or i nat1 ons ther and

hnt@rpblcaablheﬂ Iaﬁshcl oirosoﬁﬂbutaabhmthe&tafrmld tymcleEontains 2 to 20 carbon

enbadi nents, the al kyl roupcont ai_ns to 18, 1t
atopsy dn pgme enibgdgnens, e @Eyrail eonigtgs 4 fealeraﬁo At oo 16 44610, 4 10

8, E’f@@pbﬁﬁ 6Obr Q'tﬁw cagl%cgf;i[rt)cggl')s/{“ﬁx% Z’p rrg%%/liyﬁizlegﬂgg{asy Hclﬂd‘e Qehynyl, n-
pnn@nﬂuMyinbuemyLbutyl (t-butyl), n-pentyl, n- hexyl

CyCLI"gQ % | "‘hgtepoeaﬁ)ky)f” 'refors og[:ot %ln alﬁl;]ld gl%tug \l)vhlcﬁ contains heteroatoms.
These heteroatoms may be pendant atoms, for example, halogens such as fluorine,
chlorine, bromine, or iodine or catenary atoms such as nitrogen, oxygen or sulfur. An
example of a heteroalkyl group is a polyoxyalkyl group such as -
CH,CH,(OCH,CH;),OCH,CHs.

The term “substituted alkyl” refers to an alkyl group which contains substituents
along the hydrocarbon backbone. These substituents may be alkyl groups, heteroalkyl
groups or aryl groups. An example of a substituted alkyl group is a benzyl group.

The term “aryl” refers to an aromatic carbocyclic group that is a radical containing
1 to 5 rings which may be connected or fused. The aryl group may be substituted with
alkyl or heteroalkyl groups. Examples of aryl groups include phenyl groups, naphthalene
groups and anthracene groups.

The term “N-substituted amino carbocyclic aromatic” refers to a carbocyclic
group, i.e. a cyclic group in which the ring structure contains only carbon and hydrogen
atoms, that is a radical containing 1 to 5 rings which may be connected or fused, and is
substituted with at least one substituted amino group. A substituted amino group is a
group of the type -NR'R? where the group R' is hydrogen, alkyl, alkenyl, alkynyl, aryl,

-3-
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The term "al kenyl" refers to a nonoval ent group that

is a radical of an al kene, which is a hydrocarbon with
W@e00bassse4 one car bon- carbon doubl e bond. The aP®ENy1009/042652

can be linear, branched, cyclic, or conbinations

thereof and typically contains 2 to 20 carbon atons

In some enbodi nents, the al kenyl contains 2 to 18

hetegpalior] @ supstitited ajkyl,1gnd he cgrsup Rt & glkyh plsewy], @nlkyzyl aryl,
Exenpl ary al kenyl groups include
he%?ﬁgﬁgﬁfgﬁg?@%gg@ﬁﬂ and n-butenyl. The term "al kynyl"

ref @hs téronsa podyinstal aaat “poyonpict Materinl® @fdradiwl nekerlms prepared
al kyne, which is a hydrocarbon with at |east one
frog PRt ROBAMSH iahr 3553 BOBEPRIYITTRET &0 KyRfIalscRisped (floame &yo or more

moRbARf %?h a§ X%{)%Oﬁ%gl&rz tﬁ%@ﬁ%h@?td&ﬂé lik e][l%g&/ s%,nt;ﬂg r‘[Teerrn ‘polymerize”

ypical Ty con car bon at ons.
refeybod thee ptoeesst be r@dldﬁygnal p@l@ﬂieﬁb NSatdritlo thk8, cad b® alRomadpolymer,
to 10, 4 to 10, 4 to 2to8, 2to6, or 2to4 .,
cokoéyrggrn tg‘p@].gfgler Qget,k}ﬁlgﬂeyqu: W' cgp@M@gr i #d (@eolymeric material

roff O AR pro P BRI oo BT cont i ns
for égi&%%‘@ AP B ROTStEN o s AL T CHr Py AW are  used

intQcRAAgaghly & me@ficRfefuredinearingdbP® ‘cushs &s. ni trogen,
oxygen or sul fur. An exanple og a heteroal kyl group is

a DQI[1¥QM|M|m¢Q{ ¥ Su%h‘lﬁ@” stusedq{_@&ﬁzfe@? g%posmon that can

The ter strtuted al kyl™ ers to an
tranﬂfmyrh tjuro&xyamptﬁ diy beatt @idngpressivstframentelidt@oragvisbaus fluid. The

COIB dr ocar %Eggﬁ lee of -ggl%zeho% l%rkl)e ‘} ]Ig)}olégsrgteg W%%utb Eei%é ks}ﬁ)stantially
chermcally transforrned, degraded or rendered unusable for the intended application.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and
physical properties used in the specification and claims are to be understood as being
modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numbers set forth are approximations that can vary depending upon the
desired properties using the teachings disclosed herein.

Thermoplastic resins useful in the present disclosure include any thermoplastic
nonconductive polymer capable of retaining a high quantity of trapped electrostatic charge
when formed into a web and charged. Typically, such resins have a DC (direct current)
resistivity of greater than 10'* ohm-cm at the temperature of intended use. Polymers
capable of acquiring a trapped charge include polyolefins such as polypropylene,
polyethylene, and poly-4-methyl-1-pentene; polyvinyl chloride; polystyrene;
polycarbonates; polyesters, including polylactides; and perfluorinated polymers and
copolymers.  Particularly useful materials include polypropylene, poly-4-methyl-1-
pentene, blends thereof or copolymers formed from at least one of propylene and 4-
methyl-1-pentene.

The charge-enhancing additives are N-substituted amino carbocyclic aromatic
materials. Typically the charge-enhancing additives are thermally stable making them

4-
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groups or aryl groups. An exanple of a substituted

al kyl group is a benzyl group. The term"aryl" refers
W@ 009n48uHmat i ¢ carbocyclic group that is a raeRiTEE2009/042652

containing 1 to 5 rings which may be connected or

fused. The aryl group may be substituted with al kyl or

het eroal kyl groups. Exanples of aryl groups include )
suifsthén o gseuis hoh apdit ap@swbly sappodifignsant hhaddwebstituted amino

. . 1 N ti I dc

corlb HRE prohico Bl ha DY B MDA GEHER GPFRRRYELI O 1

group in which the ring structure contains only carbon

and hydrogen atons, that s a radical containing 1 to

5 rings which may be corh&eNedy(Evn fused, and is

substituted with at |east ggpe sybstituted am no group.

A substituted amno group I's a group of the type -NR

1R2 whiber Ar tsha gyDegouRlthe $réupok bgeiydralekydlkylahlkemyt] alkynyl, aryl,

alkyn |, aryl, heteroal kyl or substituted alkyl, and
heiretigl otrp SyEtifuch i, anh grouns Ry fry BkvEr gikeiyl. alkynyl, aryl,

[ . " F o 1ot

e RORal i el At S P, ool S n B TR substiwent
positi@pasethe IN-gubstinge drm tivedrySgrobp amdaG hepreqeatsytie sulstitueats on the

materials prepared fromtwo or. nore nongners such as a

N-gihsetuaterming ot hiereach O g indgpsndqntly i lpetrogae akeh rifkenyl,
alk%%[ %gﬁr héRroal e Flfbsﬁﬁltécp glk@% OSSRt TRKINR: s hydrogen, alkyl,
ol ymeri ¢ material that can’Be a honopol yner,

alkeoylphikpmeyl, atyéripedryatieyl, oromubstivetct iakley]l aitheéhd gronp R* is alkyl, alkenyl,
"C0p0|¥' {" “copol yneric material" refer
’|

alkpggylyﬁ%( Walgi%pulbsrﬁlgﬁg;‘f allvk lgpome e[ngQgtm?%tAor 0% Formulalis a
oTERAERS 08§ SBUGH OO ERRELB AT Sr 0 T o
and igoer htath@snbodinents, angd Fofm@l@ 1Cart antRBc&E.group and n is 9.

One useful class of N-substituted amino carbocyclic aromatic materials are those
described by Formula II where Z' and Z* are independently hydrogen, alkyl, alkenyl,
alkynyl, aryl, heteroalkyl or -NR’R* where R* is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl and the group R* is alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl. The group R' is hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl and the group R” is alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl. The groups Z' and Z* may be located anywhere on the

carbocyclic aromatic ring but typically are located in the 3,5 positions relative to the

substituted amino group.

Formula II

-5-
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The term "hot nelt processable" as used herein, refers

to a conposition that can transform for exanple, by
whew/1487dé4 pressure froma solid to a viscous fPUI/US20091@42652

conmposition should be capable of being hot nelt

processed w t hout being substantially chemcally

transf ornmed, degraded or rendered unusable for the

i nt Ededlagpel | waieblsnchaeg-sshanenperddigve imdudsegt &y, they | materials
oL PRI PSSy Ry R s AR g a2 e

NR:”Réigfmlpamated ap eheLnger Sbsﬁdomfbﬁd: ﬁh@n{md Infngedhm Rﬁllh hydrogen,
i nstances by the term "about." Accordlgg q unl e

alkyh oﬁlwwﬂfs@y{ syl dstereatkyl qrh%lbﬁu%é radk ean drthe tglﬁm&)rB is alkyl,
alkglg‘;?ir Qﬁ%gﬂ%i %rgp %e%egcgatl 2 %E 8 %E]lyut?cg :’118250 ?t%g%%f the substitution
onM&fﬁbﬁwﬂ@h@gﬂ@pﬁﬁﬁ&ﬁmar@&Mﬁﬁguﬁﬁﬂﬂbhbﬁﬂkhﬁo@ﬁesﬁﬁm,anleand

dlsclosure i ncl ude any thernopl astic, nonconductive
* SBInyeRst) cap His) st hetogiant e {MERIGHR g ifah iy dipeest and R” is an aryl

AR I R MER AT R o

withur-2 8 Rérboti @Rinss. | i sbmeca‘m‘tgfdﬁaéres R’hian ph@nﬂMgrOllipTBLdﬂ’tlﬁﬂted with an
t he tenperature f intended use. Pol ypers capable %
allkyb wtipun Metha 1eh &pden pmsgen wd1ecembRlipentas Rs 1§ & phgayl group

sul%ﬂtu)f&f %}{'aﬁ”aﬁkwp%hﬁﬁh%' ?Q?@aﬂ)%gyaltom% or 10- d25 carbon atoms or even

y-4- et ene; polyvin
lzﬁﬁlcytﬂioylrmas podoycastbesateasiodpodnte ' eunel Z 2jane | NET Rigeroups where

polylact|de nd, perfl uori nated pol yners and
R dp i1 sprsras R Rpndy R oyt F ByugeRul Eaiales g 4o rtigh eeree-enhancing

ad @AV RI-O dvﬁ{‘é‘s Fo'i’{?l'ul/dl‘ﬁ%ﬂﬁltﬁwnuraﬁ‘%ﬁﬁeqm bl ends t her eof

or copo mers forne romat |east one of propylene
and Anethyl 1- pent ene.

C12Has

H

HN N, :
C12Has

NH

CizHas

Formula 11
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The char ge-enhancing additives are N-substituted am no

carbocyclic aromatic materials. Typically the
webweges7enhanci ng additives are thernmally st abP@r/rsdonaep2652

them -Asuitable for use in hot nelt processable

conpositions. The N-substituted am no carbocyclic

aromatic materials nay be generally described by

Fornmula | : RIRRN-Ar(QJn Fornula | where Ar is an aryl

group, the group Rl is hydrogen, alkyl, alkenyl,

al kynyl, aryl, hete yl or substituted al kyl and

the group R2 is alk 3l kenyl , al kynyl, aryl,

het er oal kyl or substiw#&ted al kyl, n is an integer

representing the nunbgr of substituent positions on

the N-substituted am'te g d G represents

the substituents on the Stit m no aryl

group, each G nmay i ndepe ogen, al kyl,

al kenyl , al kynyl, aryl, heteroal kyl tHet ut ed

al kyl, or -NR 3R4 where R3lis hydrogen, alkyl,

al kenyl, al kynyl, aryl, hegteroal kyl or substituted

al kyl and the group RA al kyl, al kenyl, al kynyl,

aryl, heteroal kyl or ituted al kyl. In sone

enmbodi nents, Ar of FoNm | is a phenyl group and n

is 5 1In other enbodisfrents, Ar of Formula | is a

napht hal ene group aitt n is 7. In other enbodinents, Ar

of Formula | is an anthrgggpgiaroup and n is 9. One

useful class of N-substituted am no carbocyclic

ar odether rraitahle allass asfechdngsenlviesiog i dslddiveyinebidad| i the materials

where Z1 an .are, i ndependent|y hydrogen, al kyl,.
cesPRERYT oy 15 1M1t o REpBRBaFIEy I SR SR el & hycrogen
andehd grddy FOGEMRE K Y her@RKGAYIR® BlckiRi¥bgen@ra¥ih R? and R* are aryl
groups. Typically R? and R” are substituted aryl groups, where the substituents are alkyl

groups with 1-25 carbon atoms. In some embodiments, R* and R* are phenyl groups
substituted with alkyl groups with 1-4 carbon atoms. In other embodiments, R* and R* are
phenyl groups substituted with alkyl groups with 5-25 carbon atoms, or 10-25 carbon
atoms or even 12-25 carbon atoms. An example of such a charge-enhancing additive is

shown as Formula V below:

CioHos
CioHos

Formula V

Another useful class of the N-substituted amino carbocyclic aromatic materials
described by Formula I, are those in which Ar is a naphthalene ring, n is 7, each G is
hydrogen, R' is a hydrogen and R is an aryl group. Typically R* is a substituted aryl

group, where the substituent is an alkyl group with 1-25 carbon atoms. In some

-7-
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het er oal kyl or substituted al kyl and the group R4 is

al kyl, al kenyl, al kynyl, aryl, heteroal kyl or
weubsnisgret ed al kyl. The group RL is hydrogen, BOCRYE2009/042652

al kenyl , al kynyl, aryl, heteroal kyl or substituted

al kyl and the group R2 is al kyl, al kenyl, alkynyl,

aréj, hetgroalk%@ayr substltuted al kyl . The groups Z1
cmppenEptsdy Ber p ié@@n%‘éw&edowlthh?’él @léivbéwel wih 5-25 carbon

0 t I d

Bl T g e ' B BR L2 LB onafEh b et R B8 Bighes chorec
enleIndidg adilitisdiid shibhve a@lﬁaﬁgel—aarm&ltﬁw.ng addl tive incl uded

in the materials described by Fornmula I, includes,

for exanple, ones in which the groups Z1 and Z2 are -

NR3R4 groups | ocated at the 8 and 5 positions of the

aromatic ring, W % al kyl, al kenyl,

al kynyl , aryl, ut ed aIkyI and

the group R4 i g yl, aryl,

het er oal kyl or 3% S 1 eI nst ances,

the substitution on the aromatic ring is Symretrical,

meani ng that each of the rowEsVENR 1R2 and Z1 and 72

(if present) are the sane. In sone enbodinents, Rl is

a hydrogen and R2 is an aryl group. Typically R2 is a

sub

%&bfcﬂ?%@E%ﬁg@E@%ﬂ %&ﬁg{eoﬁsﬁgﬁgﬁ{ '11{ Hetﬂérrﬁo?ala%ﬂc resin and

ch&gh@ﬂamemgaddﬁﬂfeltﬁetﬁi phamytntginothp randesdfi (l.ﬂJtt@d 941 iyhwaight based

al kyl grou phtpéthe -4 carbon atons. |In ofher

up@hﬁl@dp%ifﬁe@ Dlepdy Hanspmegphadinenstthe ghasae-griiarcigg additive
is p%é&a{ inHnOHAR ik Iagg%%ﬁorﬁ arhgn oﬁf@%ﬁilﬁm or b2 ? oA é@%lgm

atonms or even arbon ato Some o
enb(fﬁe rmmdsof Bt thodnofasac ercsiNiRndRée gh@ngp&nhht&mg BBditige can be

the @E RL and R4 is th ?ns 3 |.es of
propadcHelERaR e o T3gHcalhgi Py DB dy Bosrogh g melt extrusion
tecﬁﬁ’lﬁﬁw, Qolthd b@éﬁq 111:19§ Wlﬁeﬁlynd%ﬂl B8YWorm pellets in a batch process, or the

thermoplastic resin and the charge-enhancing additive may be mixed in the extruder in a

continuous process. Where a continuous process is used, the thermoplastic resin and the
charge-enhancing additive may be pre-mixed as solids or added separately to the extruder
and allowed to mix in the molten state.

Examples of melt mixers that may be used to form preblended pellets include those
that provide dispersive mixing, distributive mixing, or a combination of dispersive and
distributive mixing. Examples of batch methods include those using a BRABENDER (e.
g. a BRABENDER PREP CENTER, commercially available from C.W. Brabender
Instruments, Inc.; South Hackensack, NJ) or BANBURY internal mixing and roll milling
equipment (e.g. equipment available from Farrel Co.; Ansonia, CT). After batch mixing,
the mixture created may be immediately quenched and stored below the melting
temperature of the mixture for later processing.

Examples of continuous methods include single screw extruding, twin screw
extruding, disk extruding, reciprocating single screw extruding, and pin barrel single

screw extruding. The continuous methods can include utilizing both distributive elements,
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Formula Il1Formula IV Anot her suitable class of

char ge- enhanci ng additive included in the materials
waelewensdied by Fornula 11, includes, for exanplBCT/G82989/042652

in which the group Z1 is a hydrogen and the group Z2

is -NR 3rR4, where Rl and R3 are hydrogens and R2 and

R4 are aryl groups. Typically R2 and R4 are

sucdy |98t wtvweéra@%fgﬁl THKSIpES-2. . CcHEINYYE Y tareHelye afrem RAPRA
t
e LAt ] 0 25 RIS A BB g clemens

or \&istpbrsﬁieklyﬁm@g @lﬂﬁﬁenw tddninckcialy honilalOfdm kg, oMMIDOCK mixing
enbodi nents, R2 and R4 are phenyl groups substituted
clegients oSO TONSUBHLGIeRCH)25 car bon atons, or 10- 25

car pORmR 0P AudYCHarla? Be SHLB LA A Brol A X ATRE EpRbared by

suc arge- en anci ng ve i's shown as

a tedhoprockwr imdlude \th&nembaypassefl tduiphassdatribdieabove for continuous
N-substituted am no carhocyclic aronatic materi al

Progesseng: bddsehyl FaFusiAna conditens axcosenaralnthiash wpich sara suitable for

ﬂ%ﬁ@&gﬁg G thDaddiide. €ach Gis hydrogen, Rl is a

gen an is an aryl group. Typically R2 is a
su bS“he teMtrﬁdedahslyﬂld of thepmoplbeicactihend LthsﬂgbteuﬁmcmgSacwﬂtlve may be
al kyl group with 1-25 carbon_ atons

cas GieeAlo diReliny, orRphicets O gABNH DS H@qlfolalawgua@t nryeyetnfipgpus webs
umﬁ? 1@lokp! tegﬁﬁ#@efz_ %@El%l%@nc A6RABLVRR rof?d'roléls E E%culaﬂy

atons or eve car boh at ons. exanp suc
usatlaasddeaivmnaedig. additive is shown as Fornula VI bel ow
Formula VI Typically the charge-enhancing additive is

pr esAM-bloWnandh GoIBPhAGHfi6ro.8 SlicBtré@Miters are especially useful as an air
filter element of a respirator, such as a filtering facepiece, or for such purposes as home
and industrial air-conditioners, air cleaners, vacuum cleaners, medical air line filters, and
air conditioning systems for vehicles and common equipment, such as computers,
computer disk drives and electronic equipment. In respirator uses, the electret filters may
be in the form of molded or folded half-face respirators, replaceable cartridges or
canisters, or prefilters.

Melt-blown microfibers useful in the present disclosure can be prepared as
described in Van A. Wente, "Superfine Thermoplastic Fibers," Industrial Engineering
Chemistry, vol. 48, pp. 1342-1346 and in Report No. 4364 of the Naval Research
Laboratories, published May 25, 1954, entitled "Manufacture of Super Fine Organic
Fibers" by Van A. Wente et al.

Useful melt-blown microfibers for fibrous electret filters typically have an
effective fiber diameter of from about 3 to 30 micrometers, in some embodiments from
about 7 to 15 micrometers, as calculated according to the method set forth in Davies, C.
N., "The Separation of Airborne Dust and Particles," Institution of Mechanical Engineers,
London, Proceedings 1B, 1952.

Staple fibers may also be present in the web. The presence of staple fibers

generally provides a more lofty, less dense web than a web of only blown microfibers.
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char ge-enhanci ng additive blend in anmobunts in the
range of 0.1 to 5 % by wei ght based upon the total
waweioghss7ef the bl end. I n sone enbodi nents, thePCT/US2009/042652
charge-enhancing additive is present in an anount
ranging fromO0.1 to 3 %by weight or 0.25 to 2 % by
The bl end of the thernoplastic resin and the

Precfwaglgei@n e thep adant 90 ewlélfﬂﬁt Bsrgspe piapkd fipgrs are present, more
pre\ggahlgl&{rlr)gﬁf@ egﬁlttaﬁ%%gut 7(%’ }ﬁlt é{)\érce}nh eEQe%rﬁ@g% |0§ \7\%{)9 %gﬁ%ﬁlﬂlg staple

rusi on ues

fibprr 2bldodes ihay Sopan Nel4,et&53 n(Haubay.ch process, or the
t her nopl astic resin and the char ge- enhanci ng addltlve
mayS oBRE BBt Ulate tprtcigalt sugheds pefivatedopPory s lpnBReddy also be

chle%ﬁ Gn s %h "SHaH aP[{c‘Pé‘serﬁ§C‘b§ dﬁ‘és%@t ltnt Qﬁo&x@se{lﬁ‘?@ L85 & volume

resin and t enha

peneeitt-ofi thke domsnts @lfitl@ESwelb @ddmﬁles e)}ﬁ@laﬂicw atlal WBE‘S are described, for
extruder and all m X lten st

exqmplppn d5S ofat e XS 1x%7r3s(BtrﬁH7t) %beeNaséd 00324 mﬁerson) and U.S.
PaP QP4 8P 66 ﬁ]@)lkﬁlte?al clude those that provide

di spersive ng, strlbutlve m xing, or a
coririvak i @piondl dddpessstare bansleticdt withuhe Vtﬁenﬂﬁ'opila’sgc composition
Exanples of Qatch met hads i ncl ude those using

¢, PigRCHRABENIR 1IN EeERg S 2pd ﬁ?@bl@ﬁ%@rwhereof

AL OB TR 5 S b
themi dd natginegisrmithtth¢ duigtioa qifi therdsubatiaitddafrhmof cadmcyclic aromatic

Farrel Co.; Ansonia, CT). After batch m xing, the
maggrigd.yr e creat ed may be i medi ately quenched and st ored

el gtk ShEAP AR AEPREBL A 0 ALK, (ROt Gy
hawd misés weipkMinehd randé afjabouwil € tes 500egim’, and in some embodiments, about
10 to 100 g/m®>. In making melt-blown microfiber webs, the basis weight can be
controlled, for example, by changing either the collector speed or the die throughput. The
thickness of the filter medium is typically about 0.25 to 20 millimeters, and in some
embodiments, about 0.5 to 2 millimeters. Multiple layers of fibrous electret webs are
commonly used in filter elements. The solidity of the fibrous electret web typically is
about 1% to 25%, more typically about 3% to 10%. Solidity is a unitless parameter that
defines the solids fraction of the web. Generally the methods of this disclosure provide
clectret webs with generally uniform charge distribution throughout the web without
regard to basis weight, thickness, or solidity of the medium. The electret filter medium
and the resin from which it is produced should not be subjected to any unnecessary
treatment which might increase its electrical conductivity, e.g., exposure to ionizing
radiation, gamma rays, ultraviolet irradiation, pyrolysis, oxidation, etc.

The electret web may be charged as it is formed or the web may be charged after
the web is formed. In electret filter media, the medium is generally charged after the web
is formed. In general, any standard charging method known in the art may be used. For
example, charging may be carried out in a variety of ways, including hydrocharging. A

combination of DC corona discharge and hydrocharging may also be used.
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extrudi ng, disk extruding, reciprocating single screw
extruding, and pin barrel single screw extruding. The

W@ wigsIeus et hods can include utilizing bot hPCT/US2009/042652
di stributive elenents,such as cavity transfer m xers
(e.g. CTM connercially avai | abl e from RAPRA

Technology, Ltd.; Shrewsbury, England) and pin mxin
el efEpmples of atifab erWuCﬁg)néldewhwgg p&ce@ﬁeg prerdspgreiing Ung Pat. Re.

el ts, ( bl
Not 3§{7§@ (Fard ‘f&%‘&‘ﬁ@r@gp‘%@@e '1\% r?g 2§ gUnlgﬁtTgsnho@Wat Re. No.
3201 Qxanr Erdmmsmg hatS. ray. Ne. 43316820 (Bastis vdel. pres! IeandB:@ 4,375,718
(“g ell ets prepared by a batch process include the s

Jpertiort dqubpindiat Nreset( lttd @lbaorsret abhty. SuBtis No. 4,588,537
(K@%&Ce%ﬁm%. U@%‘t"Nf 408 S541@ e?)?,lt! ons are general |y
IC or ex

ose are sui uding the resin

W t Bgdtochlngirgdsti the web iJ baried buubletnpihgingd jaf of water or a stream of
t her nopl asti c reS|n and charge-enhancing additive may
wass draRlptsgnte dh @b atoPepIusS Seifickne & $royidatly web with filtration

enlﬁ%lcﬁﬁbélgw& C@%‘%{ F‘OF‘B%}’&QME @cgﬁﬁwmﬁbﬁc}#@engq}hﬂw]results varies

t echni ques non-woven- m cr of | br
demandinganmt the tipardf gpragafuskd,abe tyipktof @dblyaier fieei &hich the web is formed,
Mel t - bl own, non-woven n1crof|brous electret filt

thealyge gup&engniryiiorset Et‘lld”é‘éeséﬁ the pobPIor eihc dhiskesss apd dgusity of the
web eﬁlﬁ' \;Jﬁ%tﬁér' é%?é&nﬂ&é hl Jsebbn r&?dsgm getrea%etfto()vﬁ Iléglqled out

pur poses as’ hone. an ustrial air-conditioners
priot eamgdrschavgagiu manhlaﬂy,epmssumdihahé raige dfiabeuf 10 tee 680 psi (69 to
nd condi ti oning systens for vehicles and conmon
34%hb%§ﬁ§h$“a§@ch as conputers, conputer disk drives and

eI e‘ﬂlé gé?é 8@ \%%ﬂgf {S’In"ﬁ{étﬁrél dffgxrze[r% o b%{s&"ag e ?§0V1 égleofin%‘r“sh{t%le spray
rnelam. f Aﬁaxppanams piscfat orshydranpeateabthezlogriiterdgesnanlly useful in the
method of the present disclosure, although operation is carried out at lower pressures in
hydrocharging than generally used in hydroentangling. Hydrocharging is understood to
include the method described in U.S. Pat. No. 5,496,507 (Angadjivand) and other various
derivative methods for imparting an electret charge using the fluid wetting and dewetting
process as described in, for example, Japanese Patent Application Number JP 2002161467
(Horiguchi), Japanese Patent Application Number JP 2002173866 (Takeda), Japanese
Patent Application Number JP 2002115177 (Takeda), Japanese Patent Application
Number JP 2002339232 (Takeda), Japanese Patent Application Number JP 2002161471
(Takeda), Japanese Pat. No. 3,780,916 (Takeda), Japanese Patent Application Number JP
2002115178 (Takeda), Japanese Patent Application Number JP 2003013359 (Horiguchi),
U.S. Pat. No. 6,969,484 (Horiguchi), U.S. Pat. No. 6,454,986 (Eitzman), Japanese Patent
Application Number JP 2004060110 (Masumori), Japanese Patent Application Number JP
2005131485 (Kodama), and Japanese Patent Application Number JP 2005131484
(Kodama).

To model filtration performance, a variety of filtration testing protocols have been
developed. These tests include measurement of the aerosol penetration of the filter web

using a standard challenge acrosol such as dioctylphthalate (DOP), which is usually
-11-
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cani sters, or prefilters. Melt-blown mcrofibers

useful in the present disclosure can be prepared as
waleweonidied in Van A. Wente, "Superfine Ther nDpPEEUSH09/042652

Fi bers,"” Industrial Engi neering Chem stry, vol. 48,

pp. 1342-1346 and in Report No. 4364 of the Naval

Research Laboratories, published May 25, 19
preémtpd | 38d pewamupﬁcwwsei d?enstﬁﬁ&n Fjilrﬁégb'téénﬁ]éeﬂ:“@br §% pyn) and

t r betgs
mefefens "8 oBe rivp g BFL R tier PR R (RbL P ofort hese wo
mehéR@herts, aRLEALIP Tknbhv@m A BRUiuaBit) Fackst (DR MERLRS Salcildted by the
sone enbodi ments from about 7 to 15 m croneters, as
foltoaviog b@adidnaccording to the method set forth in

Davi 0 epar ation of Airborne Dust and
Par9 cl eg(/"wfﬁi’?é F@% i’on of Mechani cal Engineers,
Londagre B Q68RAIRARC |n§tur§191%§arlt§hlaplAeh BeF URYc 3hdbates better

fd
be present in the web. The presence ofg.hsta le fibers
filtepgionr pdrformpneyi addsdecrensed Qlofvialues | destiven scwrlw@be thign decreased

b of only bl .mcrofibers refe bl no no

fin PegBrdiegnd BuPcgh e Eieabr e pah S afep Erelih hO Bamples
sediehe TRHhRE ¥ By, aht YilthRioNBA&Ii4 BRhiPHRUbsufOn YR Iﬁsasuﬂear@e Rhlues of 0.3

Exanples of webs containing staple fiber are disclosed
or grgatgr 8. a faat velploty of 619 ¢@1tBBLeré paiusseond. Sor bent

particul ate material such as activated carbon or

alum na may al so be included in the web. Such

particles may be present ERampRgnts up to about 80

vol ume percent of the contents of the web. Exanpl es of

par thhedcecxianumtis dirovetssclzder dlelst@izrtimenﬂrpdsgs- orly gl age npmeant to be
hmjrtnﬁ)an 31?450(0133 d)zrté)% %gp?’egﬁ«ac{ ga ) All parts Ee}centyges ratios, etc. in the

examples and the rest of the specification are by weight, unless noted otherwise. Solvents
and other reagents used were obtained from Sigma-Aldrich Chemical Company;

Milwaukee, Wisconsin unless otherwise noted.
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Pat. No. 4,

429,001 (Kol pin et al). Various optiona

addi tives can be blended with the thernoplastic

W@ 09p4i7e4 on i ncl udi ng,
stabilizers,

Addi ti onal |

additives nmay added if desired,

for exanple, pignments,PURUS2009/042652
anti oxi dants and conbi nati ons thereof.

y, other types of charge-enhancing

as long as they do not

interfere with the function of the N-substituted am no

Tablzerdfaodweﬁatiansmati c material.

The electret filter

A&EW&%W?

g/n2. In ne
ﬂhﬁg@@nman

to 1508 g/ N2

gred—according—tothe present—discltosure
have a basis weight in the range of about 10
, and in sone enmbodi MpRESptigtbout 10 to 100
\ki ng nmelt-blown mcrofiber webs, the basis
be controlled, for exanple by changing

the

FifeExnese. of

Eﬁlﬂ)dnggi mlli
to 2 mII|r

AWQMSGdre cc

o e SRR TR ey (s Py aRELE Yovg i the
EHheleSos E%;'aﬁ'lp'lé@ S Kedi ments, about 0.5
reters. Miltiple layers of flbrous el ectret

nnnnly used |n filter elenments. The

A
UI I ul l. y UI
Chygtn 1% t
ExtncRit Y 1S
SO|IdS frad
AﬂMMSed|sclc

lzzsg/—tn%-rnébllt @P)bse;n%ﬂg ,l}pe g)%tﬁ e&lsl]g @Eown in the

ﬁnﬂféhésllﬁéﬁlp%rs@&f‘&nears dihat defines the
tiron of the web. Generally the nethods of

sure prOV|de electret mebs MAth general |y

F%'éé?"d"% o
efRcim The

which7it ig
AdmmHeéssary

> ol ; hogt—the—web—wthout—
e e I gt eéémﬁ‘fla%w B the
S%Ihﬁl%gés@xaﬁipllés%&t%ddslgﬁ and the resin from

produced shoul d not be subjected to any

treatnent whi ch mi ght |ncrease its

o 1 I
LAV I | L; al
Cﬁarge-

\BU(IL-JI‘{' L(’1L0decy anlhno)ﬁaphthafene tﬁe synthesm I8 showﬁ’ in the

Enhancing Syntheses Examples section as SE-4.
Additive-4
PP-1 Polypropylene resin grade 1, ESCORENE PP 3746G, commercially
available from Exxon-Mobil Corporation, Irving, TX.
PP-2 Polypropylene resin grade 2, TOTAL PP3960, commercially available
from Total Petrochemicals USA Inc., Houston, TX.
Test Methods

Filtration Testing

The samples were tested for % DOP aerosol penetration (% Pen) and pressure drop

(AP), and the quality factor (QF) was calculated. The filtration performance (% Pen and

QF) of the nonwoven microfiber webs were evaluated using an Automated Filter Tester

AFT Model 8127 (available from TSI, Inc., St. Paul, MN) using dioctylphthalate (DOP) as

the challenge aerosol and a MKS pressure transducer that measured pressure drop (AP

(mm of H,0)) ac

ross the filter. The DOP acrosol is nominally a monodisperse 0.3

micrometer mass median diameter having an upstream concentration of 100 mg/m’. The
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radi ati on, gamm rays, ultraviolet irradiation,

pyrol ysis, oxidation, etc. The electret web may be
webmwpged4as it is formed or the web may be char@BuS2009/042652

after the web is forned. In electret filter nedia, the

mediumis generally charged after the web is forned.

In general, any standard chargi ng nmethod known in the

acrgpal wigsy fopesd bheqneh o paresia | fdter @pﬁ‘aiwgnrﬂg an@jibpeecc Hpwitet of 42.5
i A

QSR Tt P oF ) O B9 NSRRI o o

testiny titleSusiDs dee@dls Exmhesf 0f smnﬁ@l@hlﬁpllafﬁrﬁ@bm aeconds and purge

di scharge processes are described in U S Pat.
tln@(pffggecm@sa -ﬂ"@prﬂqggﬁn}rathp gf DO acrpgol vas. mgafu@gg)y(lm scattering

) 1 §
o RO 5 555, My, AR 1 B Wb i
DOPR 345Panl 8§s (défidsavaist h %6t Pl .5 ,100x@ OPagoncdaration 4@dwrké@am/DOP
(Wadsworth et al.%, U S. Pat. No. 4,588,537 (Kl aase et
co@enyrathgingpuegrn) Pakor pggh matoial, 84 EGEWR d@yasurernents were made at
i N0.,.Q i.s carried out by inpinging
aiffo PTG AP PP S B B STbeR e P Oht 0t ne
V\EbTﬁE YAPET ARAP §cflkisbll ¢ @d1¢ulhte aIOWY 8R fbINGwIg ForhifIh:
filtration enhancing el ectret charge. The pressure
necé&@aFyK?&PQMHWQV§?opt|nun1resu|ts varles dependi ng

on the typ f sprayer used, the t ner fr
whekh st Toe s %fwraffpe%&mﬁ%e%g e bsf{op iltration
peMatnbé’ &Rd! eckdfe P DY NRlues LdfeclildiG k&%%?at@ %ﬂg %@ﬂeﬁéédofiltratlon

he web and whet her pre-treatnent; such as DC corona

Imﬂmmﬁ%m@ treatment, was carried out prior to

hydrochargi ng. Cenerally, pressures in the range of

about 10 to 500 psi (69 to 3450 kPa) are suitable. The

jets of water or stream of water droplets can be

EldMavildedR: any suitabl e spray

Elemental analysis samples were analyzed for weight percent Carbon, Hydrogen and
Nitrogen by combustion using a LECO 932 CHNS elemental analyzer (LECO Corp, St.
Joseph, MI). The samples were run in triplicate. A sulfamethazine standard was also run to
check calibration. The results of each individual run are shown along with the calculated

averages and standard deviations.

Thermal Stability Analysis:

The thermal stability of charge-enhancing additive samples was measured with a
Thermogravimetric Analyzer (TGA) Model 2950 available from TA Instruments, New
Castle, Delaware. Approximately 5-10 milligrams of material was placed in the TGA and
heated from room temperature to 500°C at a rate of 10°C/min under an air environment
while the weight loss was measured. Results are presented as the temperature at which 2%

weight loss occurred.

Synthesis Examples
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means. An apparatus useful for hydraulically
entangling fibers is generally useful in the nethod of
waQ bwoppesssent di scl osure, al though operati on i SPCEHU$1089042652
out at | ower pressures in hydrocharging than generally
used in hydroentangling. Hydrocharging is understood
to include the nethod described in U S. Pat. No.
Synthesis EsampleapBzldj Prepamtiomef Gharge- Enhanging Additivedi ve
nmet hods for inpartifag,san electret charge using the
fluid wetting and dewetting process as described in,
for exanple, Japapesg Patent Application Nunber JP
2002161467 (Hori g , Japanese Patent Application
Nunber JP 200217 Takeda), Japanese Patent
Application Nunber YP 20021 15177 (Takeda), Japanese

Japanese Patent Apply P 2002161471
(Takeda), Japanese Pat { 6 (Takeda),
Japanese Patent Appli catjign Nunb IR 20021 15178
(Takeda), Japanese Patert Application Kdfber JP
2003013359 (Horiguchi), . S. Pat. No. 6,969, 484
(Horiguchi), U S. Pat. 6, 454,986 (Eitzman),

, gt ent Application Nunber JP
2005131485 ( Kodanm) 2hd Japanese Patent Application
Nunber JP 200513;4'4 (Kodama). To nodel filtration
performance, a variety of filtration testing protocols
have been devel oped:hairgteEﬁlahemgsxddﬁtNeuﬂe measur ement
of the aerosolé&enetratlon of the filter web usin

st aftidr Hiretagakeh gaundsbetameds flask é*%teelwkfl@ Wi‘ﬂ’ﬁ‘@?%ls&ﬁ@g bar was
e Bl e L KPR 9 o8 LSRR S0 8k, o7

andrfmiﬁmﬂ entEhprant, 99%3 prdewhucne (80 aplldiceros sAtthethici fldske rwa&edsqulpped
w1tQ1 Dean- Stra?kmtrtag ea?l?i cttovr\{?ienser it was then heated at 130°C for 12 hours under
constant stirring. After the temperature of the reaction mixture was allowed to cool to
about 60°C (the mixture was a viscous liquid), it was slowly poured into 200 milliliters of
cthanol to cause precipitation. The precipitate was obtained as a pink solid through
filtration. Recrystallization twice from ethanol (150 milliliters for each) afforded Charge-
Enhancing Additive-1 (31.0 grams, 87.8% yield) as a light pink powder after being dried
at 50°C under vacuum (27 mmHg) overnight. Elemental Analysis and a 'H NMR
spectrum were obtained with the following results: Elemental Analysis: (Calculated: C,
84.15; H, 10.95; N, 4.91; Found: C, 84.28; H, 10.86, N, 4.85); 'H NMR (400MHz CDCl5)
0 7.07(d, J=8.32Hz, 6H), 7.02(d, J=8.32Hz, 6H), 6.21(s, 3H), 5.51(s, 3H), 2.53(t, J=7.6Hz,
6H), 1.65-1.50(m, 6H), 1.28-1.15(m, 54H), 0.88(t, J=7.6Hz, 9H). Thermal stability was
measured using the Thermal Stability Test Method described above. The results are

shown in Table 1 below.

Synthesis Example SE-2: Preparation of Charge-Enhancing Additive-2
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measurenents, a quantity known as the quality factor
(QF) may be calculated by the follow ng equation: QF =
WO 2000(%87Rn/ 1 00)/ DP, where In stands for thePCEUSI089/042652
| ogarithm A higher QF value indicates better
filtration performance, and decreased QF val ues
effectively correlagg Wi th decreased filtration
per f or mance. Detail § for neasuring these val ues are
presented in the \\oles section. Typically, the
filtration nedia p Fli s di scl osure have neasured QF
val ues of 0.3 or er at a face velocity of 6.9
centineters per sevefid. Exanpl es These exanpl es are
nmerely for |IIustra ive purpqses only and are not
the appended
clains. Al parts, per G etc. in the
exanpl es and the rest € ation are by
wei ght, unless noted otfF i Se.
reagents used were obtai hed from Si gma- Al drich
Chem cal Conpany; M| »¢%ee W sconsi n unl ess
ot herw se not ed. Ta Abbrevi ati ons Test Met hods

Filtration Testing ganpl es were tested for % DOP
aerosol penetratio /ben) and pressure drop (DP),
and the quality fagtor (QF) was cal cul ated. The
filtration perforfiance (% Pen and QF) of the nonwoven

m crofiber webs wer@ a8k maherdsUsidigean Aut omat ed
Filter Tester

In a three-necked round-bottomed flask fitted with magnetic stirring bar was
placed phloroglucinol dehydrate (20.00 grams, 97%), 4-butylaniline (73.63 grams, 97%)
and iodine (0.40 gram, 99%). After the flask was equipped with Dean-Stark trap and
condenser, it was then heated at 150°C for 20 hours under constant stirring. After the
temperature of the reaction mixture was allowed to cool to about 60°C (the mixture was a
viscous liquid), it was slowly poured into 200 milliliters of ethanol to cause precipitation.
The precipitate was obtained as a pink solid through filtration. Recrystallization from
cthanol afforded Charge-Enhancing Additive-2 (42.0 grams, 67.5% yield) as a light pink
powder after being dried at 50°C under vacuum (27 mmHg) overnight. Elemental
Analysis and a '"H NMR spectrum were obtained with the following results: Elemental
Analysis: (Calculated: C, 83.19; H, 8.73; N, 8.08; Found: C, 83.08; H, 8.79, N, 8.00); '"H
NMR (400MHz CDCls) & 7.08(d, J=8.24Hz, 6H), 7.02(d, J=8.24Hz, 6H), 6.21(s, 3H),
5.51(s, 3H), 2.55(t, J=7.6Hz, 6H), 1.65-1.53(m, 6H), 1.40-1.30(m, 6H), 0.93 (t, J=7.60Hz,
9H). Thermal stability was measured using the Thermal Stability Test Method described

above. The results are shown in Table 1 below.

Synthesis Example SE-3: Preparation of Charge-Enhancing Additive-3
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AFT Model 8127 (available fromTSI, Inc., St. Paul
MN) using dioctyl phthalate (DOP) as the chall enge
w@2osed74and a MKS pressure transducer that nmeRGSUDIEH09/042652
pressure drop (DP (mm of H O)) across the filter. The
DOP aerosol is nominally a nonodi sperse 0.3 m croneter
mass nedi an di aneter h@Vlng an upatrean1concentrat|on
of 100 ng/ nB. Theaer 0sQ forced thrQugh a sanpl e
of filter medi yAraty?a ca ' Red | Oy § of 42.5
liters/ mnute § i
aerosol ionize
23 seconds (ri
seconds, a&ndspurge tine of 4 seconds). The
concentration of DOhagerbsthcivgAdiiasdd ed by |ight
scattering both upstream and downstream of the filter
medidig yédigedkal 'rQ{u?& E&t&ﬁlé& QB §HSd IR R dRctR Pﬁfhﬁgs bar was
defined as: % Pen = Ox(DOP concentration
pladcd/\mgbrcelarh (VeE) gltamseﬁB%é,t #-dndegysnilemwny30.0Bograsmc B7%) and iodine
e neasur enent s wer e made

t .
.85 i 30000 GEE s P SRR hah ead e vty was removed by

ﬂumgw{i‘ﬂﬁ@ﬁ agfé‘hasﬁ hes Pl 1@&?01@8&% "Mhe lé%e\gastl%afé@ | aﬁH ki Iﬁagnetlc
ollowing formula: QF = - In(% Pen/1 00)/

SUIDA, wasrdian sbands e hecm liquad. Mbgarikthmwasheated at 190°C
forptf e il e ERscar Bt ot b R efifing during cooling

rodi® tdrfpRdtBroMahd) chERE198H %‘ﬁllﬁitéﬂs{ b Qdﬁe@etbftﬁé ABSE €The flask was re-
El emental Analysis : El enent anal ysi s sanples were

heaedtoybabithf onixwed @mS pmmt@ntTl@neb\dﬁ:d setludion ey raangd in refrigerator

OV%% gg ?gl?t{ gc%an%o | O(g}dJ S\)\'/hqgl %va% EO(ﬂecte(?i I}l?tratlon IAﬁernoval of

discoloration was carried out by dissolving in acetone (100 milliliters) and adding

activated carbon (2.0 grams). The thus treated solid was further purified by
chromatography by passing it through silica gel (70-150 mesh, commercially available
from Alfa Aesar) using methylene chloride as the eluting solvent. The pure product was
obtained as light pale powder (6.50 grams, 20.6% yield) after removing the solvent using a
rotary evaporator and drying the solid at 50°C under vacuum (27 mmHg) overnight.
Elemental Analysis and a '"H NMR spectrum were obtained with the following results:
Elemental Analysis: (Calculated: C, 84.50; H, 10.81; N, 4.69; Found: C, 84.64; H, 10.52,
N, 4.69); '"H NMR (400MHz CDCl;) & 7.10-7.05(m, 5H), 7.02(d, J=8.36Hz, 4H), 6.67(s,
1H), 6.55(d, J=8.0Hz, 2H), 5.58(bs, 2H), 2.54(t, J=7.84Hz, 4H), 1.65-1.50(m, 4H), 1.40-
1.20(m, 36H), 0.93(t, J=7.84Hz, 6H). Thermal stability was measured using the Thermal
Stability Test Method described above. The results are shown in Table 1 below.

Synthesis Example SE-4: Preparation of Charge-Enhancing Additive-4

H
N

Ci2H2s
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Joseph, M). The sanples were run in triplicate. A
sul f amet hazi ne standard was al so run to check
W@ 210pp48384 on. The results of each individual rRCI/ES209/042652
shown along with the cal cul ated averages and standard
devi ations. Thermal Stability Analysis: The thernal
stability of char ge enhanci ng additive sanpl es was
nmeasured wi th a Thé&hsgrbshanepgirddingtdyzer (TGA) Model
295 % T
‘i)n % ﬁ{réeagéc%e(fi r8H;lt1d &&cﬁﬁ%ﬁgﬁ?tﬁf‘[’eg al\lgrm% gﬁg‘é‘]ﬁﬁ stlrrlmg bar was

plawds B{N a@ih&@l l(:m é(h @rahish) @-ﬁddd@@&hﬂﬁlef(B@ﬂO @1, togrpemdtivdige (0.50
to 5000C at a rate of 10C m n under an air environment
graphi $%0x héfiggitghilaskowas wauippech sithed comegpgry andapip was removed by

BRSPS, 35 8 STRELELA R M50 IS G R: masnc

stiffgrepay @tredronofhéheue geixtnd aas:alrrmghaﬁddil Thy enitture was heated at 190°C
Char ge- Enhancing Additive-1 In a three-necked

forr%hau%dm@%rn@als ang ST tE‘%F Waﬁmprhﬁgﬁéfq %Ohéi%ﬁqdr dHEpgoegoling to

roo\ﬁﬁg rgéségy ani PI ne ?ggﬁfgoﬁl}lgﬁ%}@ v%%a({dg | ne O%gﬁaﬂ( was

hegedito bAPHE mindiré druemenutS0 Tid ﬂesllltetia;bﬁl)tlonAﬁds@adeBen refrigerator
flask was equi pped with Dean-Stark tra nd condenser,
overpight &0 EHER ﬁ%r &’éay é‘?hdﬂ?@)?é Vor C@?CWGJ%S%UW&I@P Recrystallization

frofiP RHL AR (8‘%t hﬁl'iﬂl{égs\klaﬁfeﬁlg{i et Eﬂﬁ)a%rcﬁtguAﬁd iBife t4h%s (f) &rey -greenish

reaction nm xture to Cc0O0 out
podtidre(1916 tranes, Ba%o gldd)saftﬁmsbehnquﬁet) at 50°Crasdasl @whym (27 mmHg)
poured_jnto 200 ITiliters of ethanol to caus

oVl pleientsh Anetisgpd i’ i NiReSRARUEOTAF RBEIE Ve hpthe ollowing
resifl:! AlchRhQ¥ARalysis: (Calculated: C, 86.76; H, 9.62; N, 3.61; Found: C, 86.32; H

9.45, N, 3.59); 'H NMR (400MHz CDCl:) & 7.72(d, J=8.88Hz, 2H), 7.62(d, J=8.24Hz,
1H), 7.40-7.35(m, 2H), 7.30-7.24(m, 1H), 7.20-7.08(m, 5H), 5.77(s, 1H), 2.58(t,
J=7.04Hz, 2H), 1.70-1.50(m, 2H), 1.35-1.20(m, 18H), 0.93(t, J=7.04Hz, 3H). Thermal
stability was measured using the Thermal Stability Test Method described above. The

results are shown in Table 1 below.

Table 1
Charge-Enhancing | Temperature at 2% weight loss
Additive °C)
1 371
2 324
3 222
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filtration. Recrystallization twi ce from ethanol (150

mlliliters for each) afforded Charge- Enhancing
wodpnas7e+ 1 (31.0 granms, 87.8% yield) as a |i ghCT/phaok9/042652

powder after being dried at 500C under vacuum (27

nmHg) overnight. El enental Analysis and a 1H NWMR

spectrumwere obtained with the followng result

El ement al| Anal ysids: (Cal gul ated: C 26%. 15: H, 10| 95:

N, 4.91; Found—C—8428;,H—106-86,—N—4-85-—1H NWR

(400MH£z CDA 3) d 7.07(d, J=8.32Hz, 6H), 7.02(d,
Exdm?)le%leIl aﬁrﬂbonﬁ)a%ﬁse E24thples (3- Cés 3H), 2.53(t,

6Hz, 6H) -1.50(m GFD, 28-1. 15(m 54H),
0. 88px eactlﬂf tk@kﬁxanmlgs amliﬁiewmmtratmediﬁampdey hapronsdwigs described

usi ng t t ab t Met hod .des
belg%’o‘{‘fgfe f‘%lﬁ s etdatsafae{hse eSS | esr%rg lpresintﬁ(z {“ablfest and Table 3.
StepyAt hﬁ@h&u&ﬂ anMieroBber?Weby.epar at i on of

Char ge- Enhanci ng Addi ti ve-2Char ge- Enhanci ng Additive-2
| n Hox prchEvsaute Pne ek blwg%mnﬁmawdlﬁw& @epcripgchabove (cither

Chg@&ﬁlha cﬁ?% é—\éid&%%gl???rgvg%gég A% %%{%Eya% ﬁgegﬁfégltgfne of the 2

gra@é@'@ﬁ pody¥pyset aodhd eoﬁ&nﬂfﬁhcﬁf gaw® Qﬁ/QTabP@f Derantl e blend was
flask was equi pped with Dean-Stark trap and condenser,

exwde@aaas ﬂ?ﬁéﬁb‘ﬁb&t Stnaf. Wewe Fomwedochbigrgopliges Fibers,” Industrial
Engl%gg’rﬁr?gobhgﬁl O(gl 4§‘f g]? R 1§4|} 34%%@11% %lq{ %ar%lb 2&%atory Report

nmx te was’ toco
11(43176(Ag§r>(115”13)5\4’§i3 The \ekEGE16S témwatdba rahEedVBSMSAKDM £50°C — 300°C
oured into 200 mlliliters of ethanol to cause '
ancgrtém ftruden oras EthRMIBERat:@mWe\stvribtsafreﬁewxérgdq piomkmercially
trati stal lizafi

v PRl AR L Tt B0 n R SRR A Rl MY 1 3 ke (57

Ib/Bi) aMhe dR/w@a¥09/4 e 0 &) widk mgiht 1 00hdlks RRWERImaEL @5 hBRIsHer inch).
dried at 500C under vacuum (27 nmHg) overni ght.
Mdi-lpgntmicrofiber (BMF) webs were formed having basis Welghts of 49 - 97 g/m’,

effective fiber diameters of 7.3 - 14.1 micrometers and a thicknesses of about 0.71 - 1.55
millimeters.

Similarly, for each Comparative Example, a BMF web was prepared from the
same grade of polypropylene as the corresponding Example web, but no charge-enhancing
additive was added. Table 2 summarizes the specific web characteristics for each of the

examples.

Step B - Electret Preparation:

Each of the BMF webs prepared in Step A above was charged by one of two
electret charging methods: hydrocharging, or a combination of corona pre-treatment and
hydrocharging. Table 2 summarizes the specific charging method applied to each of the
samples.

Charging Method 1 — Hydrocharging:
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Anal ysis and a 1H NMR spectrum were obtained with the

followng results: Elenmental Analysis: (Calculated: C
w@N099487H 8. 73; N, 8.08; Found: C, 83.08; H, BCT70S20p§/042652

8.00); 1H NWR (400MHz CDC 3) d 7.08(d, J=8.24Hz, 6H)

7.02(d, J=8.24Hz, 6H), 6.21(s, 3H), 5.5 1(s, 3H),

2.55(t, J=7.6Hz, 6H), 1.65-1.53(m 6H), 1.40-1.30(

6H) A ﬁneg@rey of j}l;gh Bty wagqq)havrpgeaf ¢amduettaty of lpg/s t\hgtg 5 microS/cm

waggglgtﬂ{u%gsc}y %H&atteﬁ %1 -é;b ? ; g?% £ égr?féﬁé %tya \A;;)E %?sﬁlrel.}f%%dliﬂoPascals (130

psibphae &y it @$ bsproxiampdle 1 3Hitdcs/rAheRarfkiseldctell BMF webs prepared
. Char ge- Enhanci ng Addi ti ve- 3Char ge- Enhanci ng Additive-3
in [SHPa Ay e CABVREE I?Sb@nHOIBB% thsHelirquehsther weice #pit ff a speed of
S e 0 8
apﬁg%%ttélg 8](% c&ﬁlngeq ecy o\gfﬁl ?rl]ég%( geas'ilgﬁn El%l{]tghe%ggl ﬁrew the water
thrb@gh the Wéb fidmgbeow. Hfh. BMIFt web twae rin a&bugba&leeh},milrmhefger twice
with a condenser and air was renoved by flushing w.th
(sepentigHy oncaOR Saels sisichard then alovesid toghy womnh%elés.qvewaght prior to
ﬁlt@ﬁ%%t and the magnetic stirrer was turned on when the
xture becane liquid. The m xture was heated at 190Q0C
for 24 hours under constant stirring. The reaction
m xt ure saol | d| fied dur| ng cool i ng to roomtenperature,
Chargine Methed 2 proga |P gtgent and Hydraehareng  he f1 ask.
TheTilLt @él% %MF ?I’e?qTetdQn %%ﬂ Al ah)%vgnv&?&éj?l%tlfeaéd %y DC corona
m nut es. e resu ut1on was pl aced
distledrpé. g@heatcﬁbna)menmaghénttvms gccvc&n;ahsdai by padingah¢ delvbon cargrounded
was caol | ect ed filtration. Renoval of djscoloratio
Surface WdRT p S@TRRt %/Il's}%h HPWER Mgy CPWH&&@?@%G% oyt 0.01 milliamp per

ce nllétélj ot &igﬁpargen%)u?&dfe Ghaktd vad ﬁfj alsdtht @O%nglﬁe%rg b8 &kond. The
The thus tre SO|I was furt pur i
cooht GomEto g\raapllbyutbys passmpigrs dbotvhrtiti glouadéd smfagelon which the web

70- 150 conmer ci al | vai | ahl.e
ag carri]é Tﬁ‘e3 corona source was dr1¥en y a poskitlve DC voltage. The BMF web was

then charged by hydrocharging as described in Charging Method 1.

Filtration Performance:

Each of the charged samples prepared in Step B above was cut into a 1 meter
section. Each section was tested for its % DOP aerosol penetration (% Pen) and pressure

drop (AP), and the quality factor (QF) was calculated as described in the Test Methods

given above. These results are reported in Table 3 below as % Pen, AP and QF.
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from Al fa Aesar) using nethylene chloride as the
el uti ng sol vent. The pure product was obtai ned as
WO pbt4giad e powder (6.50 grams, 20.6%vyield) aPCEDS2009/042652
renmovi ng the solvent using a rotary evaporator and
drying the solid at 500C under vacuum (27 mmHg)

overnight. Elenental Analysis and a 1H NVR spectrum
were obtained with the following results: El enental
Anal ysis: (Calculated. C 349 H 1081 N 4 69
O (0= U’-l-, s J.U u y 1Y, oI, LIt 1 YR \‘-I-ULIVI_IL
d d 7. O 7. (ﬁ] Acﬁmﬁ)@( d,Eff]Fﬂaer i , Basis Thick
Example §. 3 -I) AEgiRg | o eﬂd OHBpcn2H) , Diam8( Iy Wﬂ Weight rekness
2. J57" 88 496a 1] 6%5w@oBO(m () , 1. 40" ] 1. 20 (mm)
(t 'I 7 Thay ot QI"\I |+\1 \
1 I\QI ’nrll t hn:: ’R:lrnr | Stabilli ty*Test l\/ét hnr 97 1.55
2 escr?bed|above. ThPRlespitslare|shddf i Tadle |1 50 0.71
3 below Symthedis ExdiRll e| SE-4:. PrepdZéiti on 0# 49 0.74
4  (Char ge- Enhanciing Addifli ve- 4Char ge- En@anciingedddift i v&- 4 0.97
Cc1 I|n gohBree-negked[rgynd-pottgmed|ilask Titted with 55 1.16
5 nagnefic dti rrli ng Dap'szva Mo_a)ﬁeo b- |\;a4pnt ?i 5('04u ij9 130
N T NS 7 S S G AU KA N 55 Al IR
J A4 L= Y ] 7 u_L T LA~ 1T TUAIT VAT A>3 AU N} I L LI
6 r\"nndp 2pr nndén\fr wa® ey ﬁshy f 1 Ushi :n \/\S On I\ j%p 1.30
C3 _ f|| aglongas |pl aded iln PR of | bAth. | Thé-bil [wad-3heqt edd 1.30
7 and the magnetli c gt iRRler| wa®7f ur ned S%9h whenst/he 56 1.08
C4 m xtdehe becamg |i quirPl The nmpxtune wag heat @ at| 19530C 0.99
g flor 4p hours ynder qggnstanty$sirii ng@ 2The rgactijon go 097
Ccs m XIIH)lhB S II(]IJTI € Gliifz' ng CO@I ¢ U0, § 00N UgRPETat yr e, 111
1'TU a1 TPl UuU 1 I LI Tl S Wwddy A U o IC Ilclb
9 The f ask vvaéi..euu.c}jl{lu eH—the m;ﬂ%e fc 6 52 0.97
10 i nut®s_ The desullt ddlsol uti WAS I_IL{"pr é() 52 0.97
1l rlefrijerator dvernidght! tb gihde aldarkSgrey 8@lid whikh 0.89
C6 was mookl e¢ctedlby f|li IRRlat| on. ORecr st/ad | i zat POn 57 1.08
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Addi tive-4 as a grey-greeni sh powder
wQ2@ba)s7af t er being dried at 500C under vacuunPCRUS2009/042652
Anal ysis and a 1H NMR

nmHg) ove
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rni ght.

El enent al

(80 mIliliters) yielded Charge-Enhancing
(19.6 grans, 39%

spectrum were obtained with the follow ng results:

El enent al
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and the extruder was a BRABENDER conical tw n-screw
extruder (commercially avail able from Brabender
WO a®pnsTRNt S, Inc.) operating at a rate of aboRECT/BSDH0Y®42652
3 kg/hr (5-7 Ib/hr). The die was 25.4 cm (10 in) w de
with 10 hol es per centineter (25 holes per inch).
Melt-blown mcro fiber (BMF) webs were forned having
ak its of 49 - 97 g/n2, effective fiber

1 %ﬁi‘na%%%%ﬁ’ﬁs%%?ﬁi@ 14.1 mcroneters and a thicknesses

85 millimeters. Simlarly, for each

Compalicioplstaesipl énd a BMF web was prepared fromthe
same grade of pol ypropyl ene as.  the correspondi ng. )
ExaApFlargiesnhapeing nedditiey gemprnggc phgNHubstititge o carbocyclic

le 2 summari zes the specific web
am%ﬂagl?g% t';Ie;!;f‘alﬁ)'sti cs for each of the exanples. Step B -

El ectret Preparation: Each of the BMF webs prepared in
Step. A above was charged by one of two el ectret

2. dharleiig Weh Hoddim hyeisENAF Jich §Oomprises ctsmbyAedn ot web.
corona pre -treatnent and hydrochargi ng. Table 2
sumari zes the specific charging nmethod applied to

3. Gaebleofrettvheb sfantgimes whlear e ngb binpaisksla ronHy dvenahrgfibag web.
A fine spray of high purity water having a
conductivity of less than 5 m croS/cmwas conti nuously

4, EI?AF% E@Et‘?& s ?‘g %laﬁ‘rﬁ.zlz 'w%eﬁ;gi‘? glﬁ‘e]tc }\lgﬂlbé‘ﬁttugedg{rﬁiﬁﬁ Wafboel 1RO Bromatic

ascal s ( psig) a wra
madgujal cornprades the strudtulrd €agr s/ m nut e. The sel ected BMF webs
prepared in Step A were conveyed by a porous belt
(a)through the water spray at a speed of

R'R*N-Ar(G),

where Ar is an aryl group;

the group R' is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl;

the group R” is alkyl, alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl; and

cach G is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl, substituted
alkyl, or

~NR’R* where each R’ is independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl, and each R* is independently alkyl, alkenyl, alkynyl, aryl,
heteroalkyl or substituted alkyl; and

Ar is a phenyl group when n is 5, a naphthalene group when n is 7, or an anthracene group

whennis 9.

5. The electret web of claim 4 wherein Ar is a phenyl or naphthalene group,
R' is hydrogen, and R” is an aryl group with an alkyl substituent comprising 1-25 carbon
atoms;

n is equal to 5 or 7; and

D3-
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approxi mately 10 centinmeters/second while a vacuum

si mul taneously drew the water through the web from
whzi0dms7iEach BMF web was run through t he hydr oRCED§RINI/042652

twi ce (sequentially once on each side) and then

al lowed to dry conpletely overnight prior to filter

testln%thhar et hod Cgrona Pre-treatment and

at legd o8 e Fais gy to &8 EeW@élteé‘@ClB R isstdsogsneuk eagh Rn ispregyyl group
r
wifh B S L b L% oI RS A SR o B Busroups o
hydweperon a grounded surface under a corona brush source
with a corona current of about 0.01 mllianp per
centineter of discharge source length at a rate of

6. agﬁéjglegtr%e\%t; gFthd m 4P %vr S %N sﬂ%@tltﬁ 4 deﬂ'ﬁmtci o&?&%g% aromatic

ent ne ers a ove the groun urface
mavdtiat borhprésewetie stastuea()i ed. The corona source was
driven by a positive DC voltage. The BMF web was then
aﬂcharged by hydrochargi ng as described in Charging
od 1. filtration Performance: Each of the charged
sa egyprepared in Step B above was cut into a1l
nmeter section. Each section was tested for its % DOP
aer os enetratlon (% Pen) and pressure drop (DP),

and tpe ’ty factor (QF) was cal cul ated as

descr in the Test Methods given above. These

resulds are reported in Table 3 bel ow as % Pen, DP and

QF. Tdbl e 2Table 3What is claimed is: 1. An electret

web conprising: a thernoplastic resin; and
where Z' and Z* are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl or —
NR’R*, and each R’ is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl
or substituted alkyl, and each R” is independently alkyl, alkenyl, alkynyl, aryl, heteroalkyl
or substituted alkyl;
R' is hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl; and
R’ is alkyl, alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl.

7. The electret web of claim 4 wherein the N-substituted amino carbocyclic aromatic

material comprises the structures (c)-(f):

(©)

4.



a charge-enhancing additive conprising an
N-substituted am no carbocyclic aromatic material. 2.

wabmwogsset ret web of claim 1 wherein the web cRETDEZ%042652

a non-woven fibrous web. 3. The electret web of claim
2 wherein the web conprises a non-woven mcro fiber
web. 4. The electret web of claim1 wherein the
N-subs{Ffuted am no carbocyclic aromatic materia

i8es the structure (a): (a) RIRRN-Ar(G n where
aryl group; the group Rl is hydrogen, alkyl,
al kynyl, aryl, heteroal kyl or substituted

e group R2 is alkyl, alkenyl, alkynyl, aryl,
hetero;lkyl or substituted aIkyI; and each Gis

I ndepétde , S al kyl, al kenyl, al kynyl, aryl,
het er oal K [ g al kyl, or -NR 3R4 where each
R3 is indg grogen, al kyl, al kenyl, al kynyl,

aryl, ubstei.tut ed aIkyI and each R4 is
|ndependent al kyl, al kenyl, al kynyl, aryl,
het er oal ky or substltuted aIkyI and Ar is a phenyl
group /N n is 5, a naphthal ene group when nis 7, or
an an gne group when n is 9. 5. The electret web
of cl wherein Ar is a phenyl or naphthal ene
group,
CizHzs
(d)
CqHg
H
HN N, :
C4Hg
NH
C4Hg
(c)
H H
N N
Ci2Hzs
CizHos
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Rl is hydrogen, and R2 is an aryl group with an al kyl
substituent conprising 1-25 carbon atons; n is equa
WQ 2009/1487447; andat | east one G is equal to - NR BRAUSTIE?/@2652
each R3 is hydrogen, and each R4 is an aryl group with
an al kyl substituent conprising 1-25 carbon atons, the
remai nder of the G groups are hydrogen. 6. The
electret web of claim4 wherein the N-substituted
(ﬂanino carbocyclic aromatic material conprises the
structure (b): (b) where Z1 and Z2 are independently
hydrogen, al kyl, 4l kenyl, alkynyl, aryl, heteroalkyl
¥d€athk _R3=g i ndependent!|y hydrogen,
aryl, heteroal kyl or
R4 is independently alkyl,
7 alY |, aryl>>het exgal kyl or substituted
al kyl; R1 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
het er oal kyl or substituted alkyl; and R2 is al kyl,
- |, aryl, heteroal kyl or substituted
0r§%b§ﬁ¥k3§%#%éHZIectret web of claim4 wherein the
N-substituted am no carbocyclic aronmatic nmateri al
conprises the structures %p)-(f): (c)(d} (e)(f) or.
8. dbaisleqtet wekoft famebvherein the non-woven microfiber web Comprises:

polyolefin; polyvinyl chloride; polystyrene; polycarbonate; or polyester.

9. The electret web of claim 3 wherein the non-woven microfiber web comprises:
polypropylene; poly(4-methyl-1-pentene); copolymers of propylene and 4-

methyl-1-pentene; or mixtures thereof.

10. The electret web of claim 1 wherein the N-substituted amino carbocyclic aromatic

material comprises 0.1-5.0 % by weight of the web.

11. The electret web of claim 1 wherein the web contains an electrostatic charge, wherein
the charge is imparted through hydrocharging, or a combination of DC corona treatment

and hydrocharging.

12. An electret filter medium comprising:
a non-woven microfiber web comprising a blend of:
a thermoplastic resin; and
a charge-enhancing additive comprising an N-substituted amino

carbocyclic aromatic material.

13. The electret filter medium of claim 12 wherein the N-substituted amino carbocyclic

aromatic material comprises the structure (a):

06-
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8. The electret web of claim3 wherein the non-woven

m cr of i ber web conprises: polyol efn; pol yvinyl
wa@bloonssies pol ystyrene; polycarbonate; or pol yRSI/ES2009042652

The el ectret web of claim3 wherein the non-woven

m crof i ber web conprises: pol ypropyl ene;

pol y(4-net hyl -1 -pentene); copolynmers of propyl ene and
(a)Anet hyl - 1-pentene; or mixtures thereof. 10. The

el eqg: of claim1l wherein the N-substituted

am no carAbvéE@Vcl ic aromatic material conprises 0.1-5.0

% by wei ght of the web. 11. The electret web of claim

1 wherein the web contains an el ectrostatic charge,
whgeedgis g 2Rd 2698% ge i s inparted t hrough hydr ochar gi ng,

the¥ro ou ogﬁ{agﬁia'a%geﬁ r%il%tl L q’l%gltyi fa%?t i &Ioalgpfjor substituted alkyl;

theagomy RS Isndkyl alkaanyt, \mn«wyl iy I&ftd:rbﬁkyl\mﬁ'kmbﬂﬂ‘lﬁtéd sikpy aad
bl end .of : a thernoplastic resin;

cachhtiriy én‘é%’ﬁ%@?élﬂfridwéﬁweﬁ Yyl @Hﬁflyls .aHicynaln aRyls hiessioptkyt egbstituted

alk?[“o?o carbocyclic aromatic material. 13. The el ectret

‘I'ter medium of claim 12 wherein the N-substituted

~N&R howlat beyic RP cisa mcdmémdknﬂjat Eydragenc oznpyu SzéBeﬂylne alkynyl, aryl,
strycture a Ar I

he W@Eﬂl or substlgute(d a?lkyl and each(R is 1ndependently alkyl alkenylyalkynyl aryl,

heteroalkyl or substituted alkyl; and

Ar is a phenyl group when n is 5, a naphthalene group when n is 7, or an anthracene group

whennis 9.

14. The electret filter medium of claim 13 wherein Ar is a phenyl or naphthalene group,
R' is hydrogen;

R’ is an aryl group with an alkyl substituent comprising 1-25 carbon atoms;

n is equal to 5 or 7; and

at least one G is equal to -NR’R” where each R® is hydrogen, and each R* is an aryl group
with an alkyl substituent comprising 1-25 carbon atoms, the remainder of the G groups are

hydrogen.

15. The electret filter medium of claim 13 wherein the N-substituted amino carbocyclic
aromatic material comprises the structure (b):

(b)

R1\N,R2

Y4

27-
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the group Rl is hydrogen, alkyl, alkenyl, alkynyl,
aryl, heteroal kyl or substituted al kyl; the group R2

WO g00aiik874  al kenyl , al kynyl, aryl, heteroal kyl P@F/US2009/042652
substituted al kyl; and each G is independently
hydr ogen, al kyl, alkenyl al kynyl, aryl, heteroal kyl,
substituted al kyl, or “NR 3R4 where each R3 is

whetede padde rﬂ“F yldﬁmd@@éhhydé@m alkyl, rikeyyl, alkymxlngryl, hateyqalkyl or —

Nﬂjﬁggarngﬁé g ﬁ 396§ rﬁ‘(ég?r{dehﬁi %ﬂdl]% a&lyﬁygkgﬁq,ﬁ%})l aryl, heteroalkyl

orhﬁﬁﬁmmwmémﬂlaﬁd substltuted aIkyI and Ar is a phenyl

p.when n is a_napht hal ene group when n
oger aninlcaendsatly aléfub au?ﬁéhl ﬁlkvgvlgaryg Jpetelmél% 0B &qhsatuted alkyl
3
R!fd Itl}’d?%eggneyl”?%%aﬂ %&‘ﬂy} a1 dﬁ%t@foﬁl%f &b@tltﬁ&g% vl oe[nd

R’ \m dlkylagika K ydlkaiyih syt luaartoaklz@h@musstngteaaaéjvl car bon
atons; nis equal to 5 or 7; and at |east one Gis

equal to -NR 3R4 where each R3 is hydrogen, and each

16 R%he%l@c@re@ﬁ}#rz%&gigﬂbﬂ 4?03 %Iﬁﬁém PR Ly gy[ﬁﬂtte%i aano &arbocychc

conpri sing on atons e remai nder o
aropiiadid psataia comgriogene stisturdh@)-€f)ectret filter medi um of
claim13 wherein the N-substituted am no carbocyclic
aromatic material conprises the structure (b):
(Q(b)mhere Z1 and Z2 are independently hydrogen, alkyl,
al kenyl , al kynyl, aryl, heteroal kyl or -

Cq2Hzs

H
HN N, :
Ci2H2s

NH

CizHzs

(d)

8-



NR3R4, and each R3 is independently hydrogen, alkyl,
al kenyl, al kynyl, aryl, heteroal kyl or substituted
w@bdogh487and each R4 is independently al kyl, alRke&ny$2009/042652
al kynyl , aryl, heteroal kyl or substituted alkyl; Rl is
hydr ogen, al kyl, al kenyl, al kynyl, aryl, heteroalkyl
or suQﬁ;ituted al kyl; and R2 is al kyl, al kenyl,
"’ aryl, heteroal kyl or substituted al kyl. 16.
The elgctret filter nedium of claim 13 wherein the

comj $ the structures (c)-(f): (c) (d)(e) (f) or
conbrsati ons thereof. 17. The electret filter medi um

conprf , ke ims_pol yvinyl chloride;
pol ystyr g ol ycji ate; or polyester. 18. The
medi ulof claim 12 wherein the

non-woven T cr of i ber~web ~@onpri ses: pol ypr opyl ene;

pol y(4-nmet hyl -1 -pentene); copolynmers of propyl ene and
4- -pentene; or mxtures thereof. 19. The

el ect ilter mediumof claim 12 wherein the

N- sulsg ed am no carbocyclic aromatic materia

(e)

®

H
I I N :
Ci2H2s

or combinations thereof.

17. The electret filter medium of claim 12 wherein the non-woven microfiber web
comprises:

polyolefin; polyvinyl chloride; polystyrene; polycarbonate; or polyester.

18. The electret filter medium of claim 12 wherein the non-woven microfiber web

comprises:
29
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20. The electret filter mediumof claim 12 wherein the
web contains a charge, wherein the charge is inparted

wa nooagT4hydr ochar gi ng, or a conbi nati on of D®PCHUNA/042652
treatnment and hydrocharging. 21. The electret filter
medi um of claim 20 wherein the web has sufficient
el ectrostatic charge to exhibit filtration perfornmance
as RelasiprElnpypabE4onetbylsl-pentgraagapelymperyof prepyloet and 4-y

of gmangqqkwﬂ%EQ%én T efolal=] 22. The elgctret filter

medi um-of erein the filter nmedium

conprises:. a respirator filter, a roomventilation
%§ten1fllter a vehicle ventilation systemfilter,

19 ajiThe chisdiiet fiBpremedinm @f clain 8 pPvigecn the Newbstiuied gming garbocyclic

aro%ﬁnuc aetérl% CL]&ISIE:}SGS% 131 u%@br%eg%ﬂ%it \!tv%] or a

rrve od of preparing
an electret web conpr|S|ng provi ding a thernoplastic
erj al roviding a char e-enhanci ng additive
20c d h?) Pkegﬁrﬁgpl@ﬁ quwb ot ¢laim &4 WaRicHbhe a‘@%é@y@um& Aregeatverein the

Ch%%d?%@agﬁg%gg@ ancl ngéi %{}ﬁ talE \E/kgﬁ]?g yi e({’f{dIS CBkGia! latment and

hydioeliaigipast i ¢ bl end; nelt bl owi ng the thernoplastic
blend to forma microfiber web; and el ectrostatically
charging the web. 24. The nethod of claim23 wherein

211 hﬁl@'%léé&%% tﬁiltrefj hfe‘Eiiu%WOF QUi rﬁ)o&/}{&]elncth@ rv%ﬁifléscsufﬁcient electrostatic

charge to exhibit filtration performance as measured by QF of 0.3 or greater at a face

velocity of 6.9 centimeters per second.

22. The electret filter medium of claim 12 wherein the filter medium comprises:
a respirator filter, a room ventilation system filter, a vehicle ventilation system
filter, an air conditioner filter, a furnace filter, a room air purifier filter, a vacuum

cleaner filter, or a computer disk drive filter.

23. A method of preparing an electret web comprising:
providing a thermoplastic material,
providing a charge-enhancing additive comprising an N-substituted amino
carbocyclic aromatic material;
hot melt mixing the thermoplastic material and the charge-enhancing additive to
yield a thermoplastic blend;
melt blowing the thermoplastic blend to form a microfiber web; and

electrostatically charging the web.

24. The method of claim 23 wherein the N-substituted amino carbocyclic aromatic
material is represented by structure (a):
(2)
R'R*N-Ar(G),
-30-
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material is represented by structure (a): (a)
RIR2N- Ar (G) nwhere Ar is an aryl group; the group Rl is
whywpoegam  al kyl , al kenyl, al kynyl, aryl, het ePGHUE2009/042652
or substituted alkyl; the group R2 is al kyl, alkenyl,
al kynyl, aryl, heteroal kyl or substituted al kyl; and

each G is independently hydrogen, alkyl, alkenyl,
al kynyl, aryl, heteroal kyl, substituted alkyl, or -NR

“*gﬁﬁ“wg%ﬁ%gﬁ%y RB i's |ndependently hydr ogen, al kyl,

aryl, heteroal kyl or substituted

theadrbyp R aﬁ@dﬁ%@h a{:ﬁéyll akémwm@grawwh@&bmyl &l ubstithited alkyl,
al kynyl , aryl, het er oal kyl or substituted al kyl; and

theﬁgmg alsptietyalkgwbagonb ﬁrsﬂ hregergalkyl qxaspmtﬁlatpé ﬁléwb 8t

Gnls ?(#]ZJSZ efnag F§7'a no]aggg h%gl?glﬁ(ﬁg{rlh %H%yﬁgle% ol hete t%alkgl? substituted

Mkyaberlal conpri ses: pol ypropyl ene;

y(4-nethyl -1 5pentene); copolynmers of propzlene and
N%rr%t hyhere 16458nRen®; indsacifcntiyr Bedrogrds edkyl, 28kenphe alkynyl, aryl,

4 I
oS8Py AL DL SR 1Ey i Tl BGEGRABN o .
hetemiatkyl oofubktitatddaiiggdandi cr of ber web.
Ar is a phenyl group when n is 5, a naphthalene group when n is 7, or an anthracene group

whennis 9.
25. The method of claim 23 wherein the thermoplastic material comprises:
polypropylene; poly(4-methyl-1-pentene); copolymers of propylene and 4-

methyl-1-pentene; and mixtures thereof.

26. The method of claim 23 wherein the hot melt processable, charge-enhancing additive

comprises 0.1-5.0 % by weight of the formed microfiber web.

31-



