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CHARGE- ENHANCI NG ADDI Tl VES FOR ELECTRETS Fi el d of the
Di sclosure This disclosure relates to conpounds which
wenivangss4t he charge of el ectrets. Background APCT/US2009/042689
electret is a dielectric material exhibiting a
quasi - permanent el ectrical charge. Electrets are
useful in a variety of devices including, e.g. cling
films, air filters, filtering facepi eces, and
respirat %ﬁARt@ﬁiEgﬁA%éﬁ% %%%@HI“«E%'}E(BE%‘L%CTRETS
el ectro-acousti c devices such as m crophones,
headphones, and el ectrostatic recorders. The
per formance of mcrofibrous webs used for aeroso

filtration can be i ngrieldef the Disehspre ng an el ectrica
change fi01d:0k Jela'?e%r@ o ?Hﬂdg%ﬁ‘ Slra6Ld &L H&%@Bf Abctrdd)
particular, electrets are effective In enfkan I ng
particle capture in aerosol filters. A nunber of

nmet hods are known for formng electret materials in

m crof i brous webs. Such Betk&@y¥nfinc| ude, for exanpl e,

bo r gi [ £.- i her.s..as: i.
or e ST AR I L U LB LB SN SRRl charce
Eletrestard efillyn e varige df pavitdsdhdadiapcdg.asing lfid@s, raomltas, filtering
ions. O her nethods include, faor exanple, charglng t he
facepigesss ang feapirators, aRdiss iclecirartptisaclcpgnipihplsCtisr-agpupits devices such

' ' to the fib
as ﬁlgét'rf}%’f/bng&,%%g@ﬂh%ﬁesoﬁgd Qig@t%sé#%rr noge Fge 0 € T1ber

means of carding an ‘e tacking
(t r iTho pbdb@hangy of Reaefibloys wabsresddddr a¢rosdhifidinatjoat @ndk improved
wat er. or a, stream of water droplets inpinge on

by ABRaTiBY @R clEhICat Chargs s &by lTaEH clegires P In particular,
elegféétg :@%?gf%fﬁi%?g%hg%éﬁlﬁggﬁﬁl% nﬁ%?l{}rg GnNaRoeelters. 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

Materials are disclosed which can enhance the electrostatic charge of electret
materials. The materials comprise N-substituted amino carbocyclic aromatic compounds
of the formula 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 each 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
cach R* is independently alkyl, alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl, and
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Materi al s are discl osed which can enhance the

el ectrostatic charge of electret materials. The
Worenoen4&ks conpri se N-substituted am no car bocBCI/82009/042689

aromati ¢ conpounds of the fornmula RIRZN-Ar (G n where

Ar is an aryl group, the group Rl is hydrogen, alkyl,

al kenyl , al kynyl, aryl, heteroal kyl or substituted
Aray kphényl oupdigp NRe 5§ snaphiiplenc gradnyhen misidy ayan anghyacene group
ngghgggalkyl or substituted al kyl, and each Gis

I'ndependent|y hydrogen, al kyl, al kenyl, alkynyl, aryl,

het eroal kyl , substituted al kyl, or -NR 3R4 where each

R3 is independently hydraogen, alkyl, alkenyl, alkynyl,

aryl, heteroal kyl or t 'ﬂaﬁéﬂpépkyl, and each R4 is

i nd -

net BTy oo Rlrbbhds @it h BMCriroRlabl chagge of loctrer
maggralp Teehatpeichhmcidy coapivungd &peN-gitstifutsdhaning cabodyclier

an ant hracene group when n is 9. Detailed Description
aroppagie|ceBRaULIse “gléwm&m@wve@a%h e e@bil i making them suitable

' el ectret materials. The

ﬁ“@ﬁgfﬁgggﬁﬁgﬁgF%gqﬁgﬁﬁgﬁ%ds are N-substituted am no

car e yedmsc ar amt iaad Congoaradsed Titeskampealpounids “hialsast one” to

hi gh thermal stability making them suitable for uses
meap OBF 9F MgraRfithgelpmenss ée&#w&be%e terms "a", "an",

andy S sk [ ' " ah: p :

o mbE em GG Rtk hp HEOPIPRIRLIN ML R 4 Alich S B0fe, which
is d Betutasdrhydrbkarbdn. r @heratkyl @aa bedineug | emichgd,oayplit hat carsbinations

a radi cal, oT gg%?g$ane, which is_a saturat

thergpd 29 dyeH Y K 1catoen asems.i kR apme Wﬁ’ﬁg%&?}& the alkyl group
cof¥iBb 1o 1871 RPMINGUHON, § NEHERTor 318 4tK oG Aldnts. NBS1E0f alkyl
20 carbon atong. In sone eﬁ%odlnents, t he é%%yl group Y
groupp irmlutde, Buttape A&, linditddoto 1@iethi ], techyl Gh-pibpy D is®prabyt, m-1Gityloisobutyl,
tert]-'bltltgl (A‘:r-b%‘%lrl)k,) %ppe%%y ,r{l%hexg)l(,ac%lloﬁgxy?,f n-ﬁlepkt%l, n-octyl, and ethylhexyl.

The term “alkenyl” refers to a monovalent group that is a radical of an alkene,
which is a hydrocarbon with at least one carbon-carbon double bond. The alkenyl can be
linear, branched, cyclic, or combinations thereof and typically contains 2 to 20 carbon
atoms. In some embodiments, the alkenyl contains 2 to 18, 2 to 12, 2 to 10,4 to 10,4 to 8§,
2to0 8, 2to 6, or 2 to 4 carbon atoms. Exemplary alkenyl groups include ethenyl, n-
propenyl, and n-butenyl.

The term “alkynyl” refers to a monovalent group that is a radical of an alkyne,
which is a hydrocarbon with at least one carbon-carbon triple bond. The alkynyl can be
linear, branched, cyclic, or combinations thereof and typically contains 2 to 20 carbon
atoms. In some embodiments, the alkynyl contains 2 to 18, 2 to 12, 2 to 10, 4 to 10, 4 to
8,210 8,2 to 6, or 2 to 4 carbon atoms. Exemplary alkynyl groups include ethynyl, n-
propynyl, and n-butynyl.

The term ‘“heteroalkyl” refers to an alkyl group which 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
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groups include, but are not Iimted to, nmethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, tert-butyl
W@ 2oobuds7h) , n-pentyl, n-hexyl, cycl ohexyl, n-hegL/y$2009/042689
n-octyl, and ethyl hexyl. The term "al kenyl" refers to
a nonoval ent group that is a radical of an al kene,
which is a hydrocarbon with _ at |east one carbon-carbon
exaferipl eofhond. erﬁealéwkergwupca#ﬁ bé | poleryallpd angmher, such as -

| ons thereof and typically contains
C%&?% %H%c:&fﬁzglbn af In some enbodi ments, the al kenyl
C O ntl“ab Iﬁ@’nﬂ“iu@stitﬁted?alltﬂ” IersZotad dlyl grot® whith ébntdinBsubitituents
to 6, or 2 to 4 carbon atons. Exenplary

alogg ktbq;@yd@pg@@g bagidionge Eiche ﬁylpstlt%pso@@y])]qe alléylrcgroups heteroalkyl
I I
ol Y0} SO i P TRAGAG S

hy dTae arbofaryil’ téfedtto lag aﬁdmame:actafcpam granpdnt tsrd fakial containing

bond. The. al ky n%Gf can be |inear, branched, cyclic, aor
1 tg onBingrathishandshs eomesisd of ypicdal The %hgr@luagnaz bosubytituted with

S50 ATl S EOSHTE Gy HERGEHHN frpspunytens
grdups 8nd Znthacéne @ouR. t o 4 car bon at ons. Exenpl ary

alk nyl groups |nclude et hynyl , npropy and
bdt§ gTm “Fraubstiuigd gareg &alr yolicy ggo 1Ct deiers & @y parbocyclic

grcr%lg;ijg é’"g;yc(fl ﬂf Dhichghe lflﬁ anp ur GT%%?aﬁngq&{l? QA Rd hydrogen

t ‘atons, for ogens” such as
atohlsydrait ea rati¢ad rcbnltmmﬂ[g bno Bejingsrwhiol inyg @y capat@nd oy fused, and is
at.ons Sgé S nitrogen, oxygen or sulfur. Anexa | e of
M@

substifiede Fasyro896 ﬁub%ﬂ%tegdwawaqw Agtubhsiiuisde fihigg group is a

o o Ry G Qup Ol ah cati SPRE ALt FRp R m, ant
hetaforahgrl the sﬁhsdnm@hraqu bat kho @oupThézses alkyst mikeeylt skyayl, aryl,
heteroaﬂq or su rt?tll:IlPed alky ?t eroal kyl

The terms “polymer” and “polymeric material” refer to both materials prepared
from one monomer such as a homopolymer or to materials prepared from two or more
monomers such as a copolymer, terpolymer, or the like. Likewise, the term “polymerize”
refers to the process of making a polymeric material that can be a homopolymer,

copolymer, terpolymer, or the like. The terms “copolymer” and “copolymeric material”

refer to a polymeric material prepared from at least two monomers.

The terms “room temperature” and ‘“ambient temperature” are used

interchangeably to mean temperatures in the range of 20 °C to 25 °C.

The term "hot melt processable” as used herein, refers to a composition that can
transform, for example, by heat and pressure from a solid to a viscous fluid. The
composition should be capable of being hot melt processed without being substantially

chemically transformed, 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
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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@ 009n48&wdmat i ¢ carbocyclic group that is a raeRiTEE2009/042689
containing 1 to 5 rings which may be connected or
fused. The aryl group may be substituted with al kyl or
het er oal kyl grou Exanpl es of aryl groups include

S.
cofraythe BrBbers ,Setrfglélh fIsAPRTRX g RtEnRs shad san w#Y Wepnelifg upon the
desq{eaﬁcﬁper&-&%s#gtﬂ% %e'a}léhcﬁf i Jl&'steg%etaerfﬂ.no car _bocycl IC .

aro Ic" reférs to a carbocyclic dgroup, i.e. a cyclic

gr oUfe i dhavdel@hafidigy radogived rade NKEbseanédiaftn® RhiboCAd1iR0aromatic

and hydrogen atons, that is a radical containin% 1to
matprialsy g dYiisIEh theaghasec-edivneiag eddiives g theryplly stgble making them
suiibRs tfb]{ Y& dinMnb it | 58Sk BN 08&?8&5&% edﬁﬁ‘é“ﬁ-%u@s&%&@d amino

substituted amno group 1's a group of the type -

carbb chib arendtitangedal iy b geyrali pdaoribal yyFormallkenyl

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

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

het er oal kyl or substitut§q8$ixxb, The terns "pol yner"

and "polyneric material" refer t&lboth material s

prepared from one nonomer Fetallads a honopol yner or to

materials prepared fromtwo or, nore nononers such

| as a
copdihgifeht 153k 33| §ionp, theeraupeR | Slwdrqgeretikdealkend, %@WL aryl,
, | 28 r 0, r 20 i n
RIS SEERLE B 9,05 ROl TR womi. e
hetempatiyy e rsubdteutpd lajiopky n iomantinegei kopresditngt thenmumber of substituent

"copol yner" and "copolynerjc material" refer to a .
PO BN ARIF ihé Nrshigsiiugpd bﬁrl@@a%l'dgrp%rﬁn&ﬁ Irepyegents,fhe substituents on the

NSy 8 SR UG AR 0 01T,
alkyeyiperyt heesoallylt heébstiangle alify], 26 OERIR' 2HeACR’ is hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroalkyl or substituted alkyl and the group R* is alkyl, alkenyl,
alkynyl, aryl, heteroalkyl or substituted alkyl. In some embodiments, Ar of Formula I is a
phenyl group and n is 5. In other embodiments, Ar of Formula I is a naphthalene group
and nis 7. In other embodiments, Ar of Formula I is an anthracene 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.
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The term "hot nelt processable" as used herein, refers

to a conposition that can transform for exanple, by
whew/1487d7 pressure froma solid to a viscous fPUI/US20091@42689

conmposition should be capable of being hot nelt

processed w t hout being substantially chemcally

transforned, degraded or rendered unusable for the

i nt ended application. Uﬁkéss,d{%ermﬁse i ndi cat ed, al

nunbers expressing feature Wizes, anounts, and

physi cal properties used iplthe specification and
clains are to be understofd %? ng nodified in al
i nstances by the term "ab cordi ngly, unless

indicated to thecontrary, e nunbers set forth are
approxi mati ons that can yary dependi ng upon the

desired properties using the teachings discl osed

herei n. The char ge-enhancing additives are

N-substituted am no carbopgygljigaromatic material s.
Typically the charge-enhancing additives are thermally

st ablne ok f tutebics dhargbbshahongusddiiive hotludeel in the materials

rocessabl e c oSi tiops. The N-substityted amn
e PEERY EPrRu L RATIEs Y S PPlS: S b niinDF arps 2 and 27 arc -
NRARS GFdupS thcded RPEHAH &nd 5 poffEHANARE Fothabie 7! RhéreWIGE Rydrogen,
Ar I's an aryl group, the group Rl is hydrogen, alkyl,

alkgl, kedirayply], adlkyoyhydryl, dieterqaliydteersubbtityled arlkyd uindt the @reg R is alkyl,

alkgllg)b?/%llkﬁlgsf eérgglhgg;?o‘%@fyi%a 'Bétes?ﬂpﬁ%’ée@mgi b‘;.{%hﬁ iﬁ%&%ﬁ%’,'me substitution
on Y £8/TatiE BRESS SYthme@ichh %&Hﬁ@gﬁat‘gac@ Hpﬁfei dr@LNR'R? and Z' and

posi tions on the substituted am no ary group, an
D he N-sub . . d G
7’ (dpresentase theesasebshni somenesbatiments, RE subbydogeredndRi ipan aryl

groglﬁ)i ;T}%q%\lﬂ&éﬁg?scg éﬁﬂl}ﬁé?d A d?%}%rh%ﬁ g’ﬁ‘!ﬁ%&gg Qg‘%/s(%ﬁlge%? %% an alkyl group
Witzlll'%§? chibb B dtoRhsk Vi, soffe e dR4ntWHET i€ aFhehyl dHEl Q@B Rtuted with an

alkyl groui) with 2-25 carbon atoms, or 10-25 carbon atoms or even 12-25 carbon atoms.
In some of these embodiments, Z' and Z* are -NR’R* groups where R? is the same as R’
and R* is the same as R%. Examples of two such charge-enhancing additives are shown as

Formula III and Formula IV below:

C12Has

H

HN N :
Ca2Has

NH

CizHas



al kenyl , al kynyl, aryl, heteroal kyl or substituted
al kyl and the group R4 is al kyl, al kenyl, al kynyl,

W@eopb/1447¢t er oal kyl or substituted al kyl. I n sSoP@I/US2009/042689
enbodi nents, Ar of Formula | is a phenyl group and n
iIs 5 In other enbodinents, Ar of Formula | is a

napht hal ene group and n is 7. In other enbodi nents, Ar
of Fornula | is an ant hr d&smelagibup and n is 9. One
useful class of N-substituted am no carbocyclic
aromatic materials arg“those described by Fornula |
where Z1 and Z2 are ipndependently hydrogen, alkyl,

al kenyl , al kynyl, af eteroal kyl or -NR 3R4 where
R3 is hydrogen, alk kenyl , al kynyl, aryl,

het er oal kyl or subst™~u#£ed al kyl and the group R4 is
al kyl', al kenyl, al kynyl, aryl, heteroal kyl or
substituted al kyl. The.grguQ '

NS baydrogen, al kyl,
al kenyl , al kynyl, aryl, aI k subst ituted
al kyl and the group R2 i § I, a P! al kynyl ,
aryl, heteroal kyl or substwtuted al k¥ &€ groups Z1

and Z2 may be | ocated anywhere on the carbocyclic
aromatic ring but typically"are located in the 3,5
positions relative to/® substituted am no
group. Formula Il One of suitable
char ge- enhanci ng addi included in the materials
descri bed by Fornula )1, includes, for exanple, ones
in which the groupsc#l and Z2 are - NR3R4 groups
| ocated at the 3 and 5 pq§%&hpq3,of the aromatic ring,
where R3 is hydrogen, alkf1, al enyl, al kynyl, aryl,

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

al knottRl keivlle dskYdY bhar@-Yihanbigh efd@diveY IncRided in the materials
substituted alkyl. In sone instanCes, the substitution

dessnibechby Eoomude 1L indludgsi fr syampler onsalin whichnthagraupaf' ieadtydrogen

nd i S 2R SRR e Reod KRS e A ah afRrgre oo

grdups.@Mypiclly R? and R* are substituted aryl groups, where the substituents are alkyl

10 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:

15
H H
N N
CizHas
CizHos
Formula V
The charge-enhancing additives may be blended with thermoplastic resins and hot
20 melt processed to form useful articles such as electret webs. Thermoplastic resins useful
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group. Typically, R2 is a substituted aryl group,
where the substituent is an al kyl group with 2-25

W@ 200004878 ons. | n sonme enbodi ments, R2 is a pheeilS2009/042689
group substituted with an al kyl group with 2-25 carbon
atons, or 10-25 carbon atons or even 12-25 carbon
atons. In sone of these enbodinents, Z1 and Z2 are -NR

in YRAPIGPA psissc\}mfeem@duesa%@egma% RDcaRICRMS pglys capable of
ret?ﬁgﬁt £%i e{ﬁﬂg kq&ggéd':%fr@gntﬁ?#&ﬁ ?ﬁh?%eg ‘év;_nor wﬁﬁécfgno a web and

chdr@¢ W fisicanyl, Sudhl desifo havd DI dhrot higfendutsiablis ofl @sgerahan 10
charge enhancing additive included in the materials
ohgers raf e tamperaiisudfainfqnded peg.udobmgry rca@%bé%ﬁf aCcqyHBg a trapped

ol LR SO RINR, G o, Do FIORE T ANLAIE, LSOt

perﬂ?én@r epodywihylgrehlgasde; T)pply@’@zlrérbe, R@)o@mﬁlrbﬁﬂatasr e polyesters, including
substituted aryl, groups, where the substltuents are

polyfagiificsy pad, rP§rﬂM0f1ﬂatfd Polengrs 8nd sppatemersn Rahnlarly useful materials
1nc%ﬂ{%hﬁ6a1?§%f3§lené§fpps i %thglr £ pglg[rg oI R ut'ﬂére?fj lgg :c'ro]gér)‘lglﬁl%rs formed

on at ons
froandidelisheid o, préfy | archnB@4-acthy phgoyiengr oups substi t ut ed
with al k I roups with 5-25 carbon atons, or 10- 25 . i
car BgRIC ¢ snarggshahasingsaddifiysold RIEHHPS 1N Anthgsmgpistic gesin and

2 r r
chiie E%@“ﬁ%?ﬁ%ﬂlt VR AR I I T 9 508 Ty Pt based
updnl eieded! wietdht bheertdgldasini sonteesingliraerds, ¢ ciepd- enhancmg additive

. processed to formuseful articles such as el ectr
is Metsa! IMPeATHBIR! BOEIng s Drlstodsiérhy Wfﬁgliltr?é Uddeent by weight.

di Sq"IhQSt)ll'&ﬁl b FA as'ﬁ@etregﬂ?pi Cefﬁﬁ%é Y&ditive can be

pol yner capa talnlng a h ntlty
prapaed pydvel-eodwio steﬁtdds diyarcakty the blehd) ns‘rpld)cesrsed)uangvatmlt extrusion
tecﬁlrlli%ues, so the blend may be preblended to form 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,

such as cavity transfer mixers (e.g. CTM, commercially available from RAPRA
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charged. Typically, such resins have a DC (direct
current) resistivity of greater than 10 14 ohm cm at
wWa bwoneaTper at ure of i ntended use. Pol yners capedil/gS29h9/042689
acquiring a trapped charge include polyol efns such as
pol ypr opyl ene, pol yet hyl ene, and
pol y- 4- th | -1 pent ene; ponV|nyI chl ori de;
Teﬁm%&w Shrpwsbpenr Bekads 8nd pwl pisareelsmenta ottty miging clements

or %958¥4s§7%t fnggﬁ' S {ﬂ% Pﬁeg }-nlﬁ%r&g% %@alﬁ’%llé/ %F}i I%ﬂdJ]\/IACPDOCK mixing

nmers. use er| a

ebﬁ&hwmﬁ@pytﬁmﬁnn@ﬁ@yﬂénanghyI-I-pentene blends thereof
or copolymers formed fromat | east one of f
and Examaplep of cxtrysiery t@ﬁbmayryﬁ usse tpy:xttpﬁ@preblende pellets prepared by

t%h%: ﬁtg)p?gagglt%gﬁfdg gth@cigllng dtyﬁeﬁ' Sf Q&lﬁﬁlﬁ@ﬁt &i&cﬁ‘be dal%ove for continuous

I'c resin an af gelenhancing a

prdeksitg. i NUsfluattsusion chediti@ngercoperdtrdllyt chdse %vhigh wat glilitable for
based upon the total weight of the blend. In sone

eX%W%@ﬁﬂWéﬁ%%“m@H@*Bﬁ&¢B€Y%nhanc|ng additive is present

to SsfButs SIBMPLERCART e belif el ket ddhiomay be
caﬁm)d cbhted aimarfglmseofrhmeefsng ragdbé invdt-dlawnhietopr@pavech Bjrous webs

- known net hods pically, the blend is processed
umag.lﬂl@vvﬂeteﬁ HYYGSus ﬂ\/{f‘ﬁt'%lléﬁ’ﬁn gl ves gnickI P End chayrp garticularly

us lgguﬁga hogihormpellets in a batch process, or the
ermoplastic resin and the charge-enhancing additive

V%g}\rée?t-ﬁggﬁt ngftggeen ref‘ngr ngou% elﬁgtreé%{éﬁs arg %g[?eﬁgal]]ycesﬁﬂ as an air

proc

filteEslemeRNsE 4 Rpirar, Gacie B atichigg Fstdbicty, eoriray sdwh purposes as home
£re m xed as solids or added separately to the
an

mdmﬁmlelr atggendiHPRaKe il Qjefmer@, thquneclﬁ@netfse mnegtiead @ir line filters, and

to

. hat us
alrpco dné%:l sgé(;{%ne tftsn r|\ﬁecli:1 cled;e a{l(li]ose 1{1% equl g%/enaesuc'ﬁ] as computers,

coﬂp&t@_ﬁdﬁk deives aidngectinft dfqui}ﬂﬁén‘(elrm@spllﬂzgor Wes,&he electret filters may
be Ci?lnjtcl)llen?otrrlnogf orrlol?ile(f po(?rfsoll(;/e?i ﬁaﬂ?—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.

Preferably, no more than about 90 weight percent staple fibers are present, more
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di stributive m xing. Exanples of batch nethods include

t hose using a BRABENDER (e. g. a BRABENDER PREP
WEENYER74commerci al |y avail abl e from CW Br abePdBEDS2009/042689

Instruments, Inc.; South Hackensack, NJ) or BANBURY

internal mxing and roll mlling equi prent (e.g.

equi pnent available fromFarrel Co.; Ansonia, CTI).
prefgrally noamere Hiariakgut ¥haveighk pgrcente r Bxarapicyal wisks containing staple

' | - nghed .a r ow the melting
ﬁb?gﬁ%g#g@%%énﬁﬁgtﬁ%-ﬁpx,S}%g o&ﬂwgﬁgr pr ocessi ng.

Exa8mpbas mtticdnt imatotis s®hhadactivaeddudabsi gl dudtiaeiiay also be
_extruding, twi n screw extrudi ng, disk extruding,
inclyder gp deatichg Sich graeicdesy By &R treanihi, aBeity P t¢apeu 80 volume

T N L

rve e

exaapletiy U.SaPafes. 39KEF B (Bawh), TRVPatC dionen 00,824 YAnderson) and U.S.
avai | abl e from RAPRATechnol ogy, Ltd.; Shrewsbury,

Patzhigr 4449-08h K9P Gtidkd-ng el enents, static mixing

¢ RS Sfriofhi° BRLil e iall g
avai aM?éﬂ??gﬁlgﬁgﬁ%%w& %?%?ﬁgﬁgﬁgggﬁggﬁiﬁkggk¥ osition
inchidthg) goredxempi, plgmdnrai ssbibiferedntiogidiss bibéomtiyativas thereof.

used to extrude prebl ended pellets prepared by a batch
pr odBs S1qctet fitfer mediaspiivaareq ﬁ‘é%orémget&u‘i'%ﬁ rsFCN G diselop e pencrally

- Or- ' ' f : ' .
B e
10 etot tQMigng’.t hin neking wicttFdosn thierafitdi twats, tHh bagxtweigledcan be

Comg (95 cHPPBa aSrEgE LBs LA P TITRAoTORe dhdbrasebput. The
O, B8 0L U0 RRRHED, 0 01 AR n
cmbedisncatse apaurtt 0.5 ud & hylliveefral Msltiplel layatiodnfibmedd alectret 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.

Examples of suitable DC corona discharge processes are described in U.S. Pat. Re.
No. 30,782 (van Turnhout), U.S. Pat. Re. No. 31,285 (van Turnhout), U.S. Pat. Re. No.
32,171 (van Turnhout), U.S. Pat. No. 4,215,682 (Davis et al.), U.S. Pat. No. 4,375,718
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Mel t - bl own, non-woven m crof brous electret filters are
especially useful as an air filter elenent of a

WO epiesasor, such as a filtering facepi ece, orPEDUSHOVIH2689
pur poses as hone and industrial air-conditioners, air
cl eaners, vacuum cl eaners, nmedical air line filters,
and air conditionin ﬁ%ﬂ{ens for vehicles and comp

W@éﬂ’f%ﬁtal )sHeh Pas It w@ﬁm@n@ret ol BIU-8r Pylodloartdss,537
(Kg}a?%t gf“aﬁd %g@elﬁg?%i 4 §95 glggﬁlaf(@q) uses, the electret

ma e’torm ded or folded

hal Hyﬁmﬁaﬂgﬁfgmﬂtaé Meh is capkaoanby engiagingijelges waker or a stream of
cani sters, or prefilters. Melt-blown mcrofibers
wafes eroplets Py éhevaébeeﬁta alieg%lrr%%ﬁﬁéle@aﬁp BEOVd e Hisr Y—!@b agth filtration

en@%%ﬁlr S‘QS&{GL[ 3; Aﬂ' h%ﬁg&lsﬁuerg rtﬁggs% ol S%p&yengv@}% 81%sults varies

deppdink3h2hd 846 of rsplrayﬁ RBedahé tylNe.of @Bﬁ'ﬁleﬁfﬁrohh@hi&h\ﬂ&i web is formed,
Research Laboratories, .published May 25
theghyps ené gonepaHafe: Pl a@il@resse gae PFtlYm@rdh@ ANCEHqSﬁ Bad stengity of the

Wey dAvhAEA ee&eaﬁ#leqt Usighuls BE' rplllepﬁﬁ}famectlf&trt?@ @aé gﬁmed out

rous e tret ters typica ave anh e
pribi h)ehydibameglﬂg @fentiatin @iasmtes&ntthe Béhgpr ofraboet 80 so 5001 psi (69 to
sone enbodi nents fromabout 7 to 15 microneters, as
3434kR4) 1258 Bt2llecor di ng to the method set forth in

Davi 'Tﬁé et§30 ter ors a&aﬁe&%%@ﬂl\ﬁgﬂ%@{s h rbpgf&z‘?d ar@rkﬁltable spray

Partlc nstitution ani cal ngi neers
mechodldAN apE’aIatne eﬂéﬁug forl3drali®ibly Sitapgilagffileey gmyraﬂy siscful in the

be present in web. presence. of staple fibers
atﬂS*P W%PEME a@gsuae r?ét;%uglb%%fa“qne’§§a€é%is@“\ﬁé BOWefapfegpures in

hyéﬁﬁgl}]a‘?%%g 3%1%9 g& érn{;ls%g gl;l é@ﬁ{&g&aﬁ%ﬁg‘s ][ Iﬁgh%chﬁgldﬂ s&@nderstood to

1ncﬂ1[ckeShmmetHMr®p¢rdfednamJ y. . Norfe496];ﬁ7 Gh[eg:lfiji;@liweﬂlcgbﬁler various
deri eartl(\:fg rr]Itlethochéafnlepsart?Iﬁg xllleglsect%eqcnc gl#gglurs]glg tLg %uld 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

presented as percent of acrosol penetration through the filter web (% Pen) and

measurement of the pressure drop across the filter web (AP). From these two

-10-
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fiber are disclosed in U S. Pat. No. 4,1 18,531

(Hauser). Sorbent particulate material such as
WQ@eapAres7e¢d car bon or alum na may al so be i ncl uRETIUS2009/042689

the web. Such particles may be present in anounts up

to about 80 vol une percent of the contents of the web.

Exanpl es of particl e-l1oaded webs are descri bed, for

MeasEABPRSS, 3 Uty kngwvn ajotheaqaity Sactor( €@Rumpy by, @loybged by the

24 (Anderson) and U.S. Pat. No. 4,429,001
ﬁﬂw%nP% éBQPﬁaI) Various optional additives can be

bl eqged.- nﬂtgpadnﬂowngrnnplastlc conposi tion including,
for exa ments, UV stabilizers, antioxidants

eI sat B (e metF mpeimec Bightt QFeraliedidicates better

filt atweaée%go@%ég%\gan déc,?%as?(ﬁ ed%i :V?]l dlgs e&feggoehf/’ ucg_)&ejre?a ner% chreased

filtgHtioR . pepfdEnirteS Wi BNBO eicaRIHNS, thedeOkiluch Ard Preddifle DinnBe Examples
In maki ng nelt-blow mcrofiber webs, the basis wei ght

secélan Hepicehy.rthe Filfention sredia afihisedisdgsush Aensi epsarcdHF velnes of 0.3

cto e die throu h u The t hi ckness

or R ePE L d BASROGNAAT iRl ESHRORE - TOC LN KO8
mllinmeters, and in sone enbodlnents about 0.5 to 2
mllineters. Miltiple layers of fibrous el ectret webs

are commonly used in filtExamplasents. The solidity of

e LR S GRTL50 UBG Yo 4 o o

linfdtadd 2 O tt g sddpatofdleé bpeadedelagnd.i ds ﬁarres&;bbmentagest P@owe&c in the
Cenerally the nethods of this disclosure provide

exanpley #ek thasess oftherspeeHeation|age bﬁWtﬁhﬁ]U@#ﬁﬁ g@ted otherwise. Solvents
an(g (?‘[}151] Qéggeﬂ{g h?ﬁ{d? 37%39 udbt!llggd V\ﬁ %9&" %%l(!rﬁ g}n(?cal Company;

asi's weiyg ess, orf so |d

Milvgnket, ewisceisid it @rothedisemonsdd the resin from which it
i's produced shoul d not be subjected to any unnecessary

Table of Abbreviations

Abbreviation or
Trade Description

Designation

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

-11-
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treatnment which mght increase its electrical

conductivity, e.g., exposure to ionizing radiation,
wWQ20008487d¢ys, ultraviolet irradiation, pyrolysiBCT/US2009/042689

oxi dation, 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 nmedia, the nediumis

thegelndlergd geresvdragdd MK praspure iessduser Srareepasyrad gegsewrgl drop (AP

om0 A s IR AR TRLRERk RO L G, o B @fsperse 03

miMB el YnARb nWwaks, dihrﬂ@tbﬂﬂzit\ﬁ% By dpQeaaT @nkdéntrafion of 100 mg/m’. The
conbi nati on of DC corona di scharge and hydrochargi ng

aerﬁﬁ;l adsstorend nhgmh Emmibeﬁ fdfer mﬁdmablaé apgligeateshlow rate of 42.5

sch rQ SCI ed in e,
llt%%m.}tglg ?Elgg fr l?lg Ou tg’ﬁ E}‘? wg}a e f}?erosqlﬂolon%ir {2%% %ff NOI‘he total
tesﬂftﬂg AR Ul as,23WeSondSFtisc fRae olNO5 sedndd SathpRAindd6 M @é&)}lds and purge

S. Pat. No. 4,215,682 (Davis et al.), US. Pat. No.
tlrm: @%semséwa"éxmmwwnam pf D@Rsacrpggl wangneasuigd byJight scattering

botgl u%sls \é\ﬁ)nrltd'lrﬂ% dtgwng)r%am IQI?) the 9 E@rzmgqlgﬁl( %%%%lbrsted p%otornetters The

Dd‘ﬂyd%OPé‘rﬁﬁQ'd&in@cﬁ dshe %epeﬂ S= CBOLITROP Od8ncEitratidRi Gk ii8ream/DOP
jets of water or a streamof water droplets onto the

congshtrationa upstesgIr eF@ufséthn@tmat o peparitdemedsgroneitonivete made at
|Itrat on enhangi | ectret The pressure
aiffaab iRl G RRRRE S Fuf MrenSEHFE vl Gependi ng
on trije o} P&?arﬁf AIS RlefY&kd %’&&ﬂ@ul&t@% Q1Y B tHRf fo Rk MBS mhf1#M
whi ch the web fornmed, the type and concentration of

add(ﬁ%veh(?&PﬁMHmmUMyner t he thickness and denS|ty of

t he web and whet her re-treat ch as. DC coro
wherer Ingstands rfgn theepatura apthm.; &y }g{l}ﬁr DF Yﬁlue{c’ ipdicates better filtration

| I S
N e e S .
peijf@ihsnoé. wat er or stream of water droplets can be

provi ded by any suitable spray

FElemental Analysis:

Elemental analysis samples were analyzed for weight percent Carbon, Hydrogen and
Nitrogen by combustion using a LECO 932 CHNS eclemental 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.
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means. An apparatus useful for hydraulically
entangling fibers is generally useful in the nethod of
wao bwoppssssent di scl osure, although operati on i SPCEHU$10821042689
out at | ower pressures in hydrocharging than generally
used in hydroentangling. Hydrocharging is understood
to include the nethod described in U S. Pat. No.
5,496, 507 (Angadjivand) and other various derivative
Ex @mgds for inparting an el ectret charge using the
wetting and dewetting process as described in,
for exanpl e, Japanese Patent Application Nunber JP
2002161467 (Hori guchi Japanese Patent Application
Expmple}: Frepayatiary 88548, gtWaﬁ(%aaiodesﬂaaﬂr@QEwma@%t
Application Nunmber gR.20021 15177 (Takeda), Japanese
Pat ent Application Nunber JP 2002339232 (Takeda),
Japanese Patent AppiNcation Nunber JP 2002161471
(Takeda), Japanege Paff. No. 3,780,916 (Takeda),
Japanese Patent Applj£ation Nunber JP 20021 15178
(Takeda), Japanese Patent Application Nunber JP
2003013359 (Hori gughi U. S HPat. No. 6,969, 484
(Horiguchi), U S. i . 354,988 (Eitzman),
Japanese Patent Appli Nunp P 20040601 10
(Masunori), Japanese Fatest App a¥tQn Nunber JP
2005131485 (Kodanmm), and Japanese Pat efit™Appl i cati on
Nurmber JP 2005131484 (Kgganma). To nodel filtration
performance, a varig of filtration testing protocols
have been devel oped Nese tests include neasurenent
of the aerosol peng on of the filter web using a
st andard challenge\=- 0sol such as dioctyl pht hal ate
(DOP), which is ally presented as percent of
aerosol penetration through the filter web (% Pen) and
nmeasur enent of the pressure drop across the filter web
twoneasurenents, a quantity known as

F t
t( he @a{h?%n?%eg 6pu1%(tj:§ttq%&3¢n§éslt Atted ) with dn%g)pepq;] gstirring bar was

placed phloroglucinol dehydrate (6.63 grams, 97%), 4-dodecylaniline (36.40 grams, 97%)

and iodine (0.13 gram, 99%) and toluene (30 milliliters). After the flask was equipped
with Dean-Stark trap and condenser, 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 31.0
grams, (87.8% yield) of the desired product 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 CDCl:) & 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.
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foll owi ng equation: QF = - In(% Pen/100)/ DP, where In
stands for the natural l|ogarithm A higher QF val ue

WO pdpees7¢s better filtration performance, and REDDSN8%02689
QF val ues effectively correlate with decreased
filtration performance. Details for nmeasuring these
val ues are presented in_the Exanples section.

Examppledy Pyeparpton pf 1.8 axtristd-nentilagilinopbenzgne c| osur e
have neasured QF vatues of 0.3 or greater at a face
velocity of 6.9 centineters per second. Exanples These

exanpl es are nerelyfgor illustrative purposes only and
are not nmeant to |p mting on the scope of the
appended cl ai ns. & parts, percentages, ratios, etc.
in the exanples andYthe rest of the specification are

by wei ght, unless noted otheriiv se. Sol vents and ot her

reagents used were obtal meg- T rom -Aldrich
Chem cal Conmpany; M| ¢, W § n unl ess
ot herwi se noted. Tabl Abbr ewai#Fons Test Met hods

Filtration Testing The shnples were tested for % DOP
aer osol penetration (%
and the quality factag

filtration perforng
m crofi ber webs we

QF) was cal cul ated. The

% Pen and QF) of the nonwoven

| uat ed usi ng an Aut omat ed

Filter Tester AFT Npd 8127 (available from TSI,

Inc., St. Paul, MY using dioctylphthalate (DOP) asthe
chal | enge aerosol and a MKS pressure transducer that

mea$urae thrg-esckad godndpotfddied 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 CDCl;) & 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.

Example 3: Preparation of 1,3-bis(4-n-dodecylanilino)benzene
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nom nally a nonodi sperse 0.3 mcroneter mass nedi an
waQlz@ee4ssw7 havi ng an upstream concentrati on of HBODUS2009/042689
filter mediumat a calibrated flowrate of 42.5
liters/mnute (face veIOC|ty of 6.9 cn's) with the
23 seconds (risg~ 0 dg0nds phe tinme of 4
seconds, and \ ine ol econds)
O DOP aero 1S nea Ay |1 ght
scattering bo .e/ﬁrean1ano domnstrea‘ of tlKe#ilter
medi um usicagscal i brat ed photoneters. The DOP % Pen is
downstream DOP concentration upstream. For each
Mt @ ix@lhrefn &RPANBLSI-DBATML MBI $itW8T Rith Bl mRlic stirring bar was
plaged eesamemdg(éc% Jilams YO8N, 4ddd R landine (wélﬂ) gemsabEn) and iodine
| 1.omi ng fornul - 1.n(% Pen/.100
0 B o)y A dHhf oS bREd itk oauEF i wiaves fomoved by
performance and decreased QF val ues effectively
stirorwal atedwint Whetetheguigtue bedanrcaliquads Fbe ioxwempes heated at 190°C
rodMh ttern%}:@ afr® %Hﬁ&l' @0 iSRG s PwkERIIRAZS thdiiasie! eRENLA was re-
anal yzer ( ECO Corp., St. Joseph, M). The sanpl es
alsg run.to c k call at| The lts of each
ovtheeR A e ek £ moleh “igdhgva collepivd B2 g Removal of

(mof HO) across the filter. The DOP aerosol is

ng/ nB. The aerosol was forced through a sanple of

aer osol ionizer turneoNoff The tQtaI esting tine was

concentration

defined as: % Pen = 100x(DOP concentration

different |ocations on the BMF web and the Tesults
ﬂumlﬂg RAith @, ‘t’@l URK WAdiptREE S AL ﬁﬁthf Fihk ot R&Meated and the magnetic
oS S8 T B B BB, SR oo o
heated ® baihthie nnltxturp tfcprcianmlutas sUhef repdteidasplution syasrmdencd 1wa§rlgerat0r
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.

Table 1

Charge-Enhancing Temperature at 2% weight loss

Additive ©C)
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averages and standard devi ations. Thermal Stability

Anal ysis: The thermal stability of charge-enhancing
WQ@owpn487¢7 sanpl es was nmeasured with a Ther nogrewi/Ig2009/¢42689

Anal yzer (TGA) Model 2950 avail able from TA

Instrunments, New Castle, Delaware. Approximtely 5-10

mlligrans—of material was placed in the TGA and

heat ed fromnwﬁ%ﬁﬁ@ﬁperature to 5000C at a rate of

10C m n under—an—at r—envitronment—whid ltilc weight] | oss

was neasjur ed. Re&ults are|present ed 3’5 the tenperature

at which 2% wei ght | oss oc¢curred. Exagp] es Exanpl e 1:

Preparatlion of | 3 5-tris(4-n-dadecyl anilina)benzene

In a thrlee- necked round- bottomsd fIa§?<2fitted Wi th

magneti C—St—l—ﬁﬁ—ﬁg—b-&%Wﬁ: IJI aced IJIII of UUI veinot

rate (6 63 granms, 97%, 4- dodecylanlllne (36.40

Exgmﬁ@ 4-tand Qﬁ&lna&anweEwnmbsgra (P 999 and tol uene

(30 I r

Deagmsédghgﬁh‘r%a%)ag}# conc§j &gpafrétﬁil%?z wa et%ﬂ%ﬁ%geat egg escribed
beld3Q0Ee ffaltowled. ﬁldlﬂ:rdataufbd&resesﬁmnpim arstprasentad) in Pdliles2 hﬂthable 3.

A:xt ure was a viscous |iquid),

It p@ﬁeééhc’ﬁwnpqe n%dof‘ 1t 2290 186 TacEkHRA%hove (from

t o cause preC|p|tat|on e precl pltate was obtal ne
Examplas pihkvasakicdtet land dghblenddd with one oRéherystiddsl ofmﬂypmaspylene at

tw ce from thanol 50 m | L)'t rs for e)%aff %dd
thegepngenjrasing s Foap l%o%a@fle% oﬁ)ndajﬁ lrad st s g g Van A.
wdntd s updfk H‘B plakit &b ke M S E BeRE . 48,

vacuun?(r © ovelr nllg g(} er¥eant gg SIHS anra 2 Pp-
1347H1 Mﬂlﬁdﬁmaﬂ RnsamﬂleLabbtaaonyd%bpmﬂlh l#h’é(}‘np:rl 1 HViond). The extrusion

results: El enental Anal y3| s, (CGalculated: C, 84.15: H
temperature ranged from about 250°C — 300°C and the extruder was a BRABENDER
conical twin-screw extruder (commercially available from Brabender Instruments, Inc.)
operating at a rate of about 2.5 to 3 kg/hr (5-7 Ib/hr). The die was 25.4 cm (10 in) wide
with 10 holes per centimeter (25 holes per inch). Melt-blown microfiber (BMF) webs
were formed having basis weights 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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10

15

20

10.95; N, 4.91; Found: C, 84.28; H 10.86, N, 4.85);

1H NWMR (400MHz CDCI 3) d 7.07(d, J=8.32Hz, 6H), 7.02(d,
wQ28938#17 6H), 6.21(s, 3H), 5.5 1(s, 3H), 2.58(T/1S2009/042689

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 neasured

using the Thermal Stability Test Method descri bed

abovefinTpigay e highspuaite w5 ving W%ﬂﬂdectlvlwecpfolwseﬂaamrélr@lcros/cm

T

psigpgited flow shte lof bfygokiatataiag 4olitasaainptel Gl‘h@gbllécﬂed ®IMF webs prepared
dehydrate (20.00 grams, 97%, 4- butﬁlanlllne (73.63
in g%team\ VTOcoBFRYCH 0 ﬁep‘ereuwebrtélfﬁu othF. Walet eéprayhat a speed of

apgr%)%%t f’]le()ﬁ g%rltf?{?e%% )Q%éo?&%%n? 9% ﬁoglglslﬁtgﬁe %(rgf}d 810%Fthe water

thro@gisthantels frior belgw. AfdcarBMiFewtle was rad threugh thHehieydrocharger twice

reaction mxture was allowed to cool to about 600C. )
(seapgpdiaty onge en\gash gidg) aedihen dlipyed)to dry apgwyladely\gvgright prior to
ﬁh&qggﬁgﬁlnto 200 mlliliters of ethanol to cause

tation. The precipitate was obtai ned as a pink

solid through filtration. Recrystallization from

et hanol| afforded Charoe EnhanC|ng Addltlve 2 (42.0
ChareingMeghod 2 A LG d MmN Nd RENSERABSr after being

dri
058 L AR KA LA OBl by ot oo
disehdrpe.t Tiee fabhopdertepatrealwas ac&dngpidhtdiby ﬁﬁmingsthSWGb on a grounded
Calculated C, 83 19; H 8.73;, N, 8.08; {E&g
sury edgl eya ogrong rms gmg% wi mn@ m@_}zo ug)O le milliamp per
cen%r}_r§§&dof cﬂllsc?xa %"}?%ur&"pen é?%.( Bie éf‘ Sort @Zc’engilﬁl)gtserg pg11§e%ond The
coohd) sodrcd Ovak .aBOGN3. 56jclblt1m6teﬁ;3a‘t(ol\7¢ tH@Zroﬁiﬁ&Ed, s@fdce ohhehichlthe web

st abij | i was neasured ysing the Ther t abi
Waf’ré%‘i“%%% dogeE cr M hed2a HV/@ byrh @Oy Plsvaliage- {I{E?/\#Vi[%web was
the-ﬁ%mu%e& b9 ﬁ&@ﬁefchargmg 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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Exanple 3 :

was pl aced resorcinol

Preparation of

, 3- bi s(4-n-dodecyl ani | i no) benzenel n a t hree-necked
WO a4t t oned flask fitted with magnetic stiPET/HERDHO42689

(5.83 grans, 989%,

4-dodecyl aniline (30.00 granms, 97% and iodine (0.15
gram 99% . After the flask was equi pped with a

condenser and air was re g?hkﬁh flushing with ,_the
f|| dargeas [pl aced iln an of | . il [was hedt .

Example drEIENEnERdFiorEing St Revier @?ﬂ’?j&r ne ﬁgﬁ""&mewiﬂm egj.s‘s Thickness
mi >&dditiveb e c Metholdi uGuladeThe(‘m0 )tur @ﬁ% gat €d at Yg@;& (mm)
floExaplkolir s under] constiant stirdin The reactilon

4 nmixture solidified dBling cobling taoddoom tésperat e, 1.55
5 and et hanol (60 mj|l Ippiiters)1was|added to the fllasksg 0.71
6 Ilhe Tjask vvaslr e hqi]dled to pOII th@z@'l X1 ur§‘4f orf 5 49 0.74
7 llputh e ﬁ&buittm]§u UIIPH mmz W. cey i%ﬂ-A 097
Cl_ /ot ModE ) ot od K,S'L!?‘éum oo a6t 4o ;,mf.s”i, 1.16
8 \;EQ (‘]nrrl ed m]n rPPq?qn V|9}@5i nlacetbhne (1(5((9 1.30
C2 il lhohgt efs) dnd addﬂﬁq actiVat ed carbon|(250 qramﬂQ 1.13
9 The thus freabted solER2 was 6.6t her pldi filedsloy 59 1.30
c3 dhramatogriaphy by [pagsing itothroughy gilicasgel 59 1.30
10 (/0-Ip0 npsh 1conreqqqal y @yglldblq;4r0n1Agﬁa \eS ) 108
C4 bl lh% gb‘[ lyl erlle (,l L(i[plue dasS Ine Pl UI7| 19 30 (—éll[ /nTi 0.99
11 ‘J;fm, i fo“aé/ﬂ Yi‘}a;!; o ?@%;?1 D B0 daishd o | 097
G5 tlat d%%Cevapar at or arPrPZdr | ngothp 90I771 att 560C nd 1.11
12 vacuum (27 nmig) ovdtii ght . OB enmgnt 1.5 Anal y6i2s and & 0.89
C6 1H MéRespéctrum wer Ribtpi ne@d with the foll 6Wing 57 1.08
results: Elenental Analysis: (Calculated: C, 84.50; H

10.81; N, 4.69; Found:

C1

1H NMR (400MHz CDO 3) d 7.10-7.05(m 5H),

J=8. 36Hz, 4H),

5. 2H) ,

58( bs,

6.67(s, |
2. 54(t,
1.40- 1.20(m 36H),

0. 93

H),
(t,

6. 55(d,
J=7.84Hz, 4H),

stability was neasured using the Thermal

-18-

84.64;, H 10.52, N, 4.69);

7.02(d,

J=8. 0Hz, 2H)
1.65-1.50(m 4H),
J=7.84Hz, 6H). Ther nal




Stability Test Method descri bed above.

The results are

shown in Table 1 bel ow. Table 1 Charge-Enhancing
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addi tive was added. Table 2 sunmarizes the specific
web characteristics for each of the exanples. Step B -
WEb@en48347 Pr epar ati on: Each of the BMF webs prR@EHDS2009/642689
Step A above was charged by one of two el ectret
char gi ng met hods: hydrochargi ng, or a conbi nati on of
corona pre -treatnent and hydrochargi ng. Table 2
] 8t he specific charging nethod applied to

eac - : 0 - r gi
1 PR efitiol S5pRTRL BRNSIRRO0 ABH0 oyt HoRRRE Hnlfund of
stre@ndygri vity of less than 5 mcroS/ cmwas continuously
generated froma nozzle operating at a pressure of 896
(2)ki | oPascal s (130 psig) and a flow rate of
apP kLo 1.4 liters/mnute. The sel ected BVMF webs
preggggggﬁﬁk%tep A were conveyed by a porous belt
through the water spray at a speed of approximately 10
centi meters/second while a vacuum si nmul t aneously drew
whergeAyjgra It IgFWgh t he web from bel ow. Each BMF web was

e 0y RAGRLGI, T SRR 7, SBRURDl gy
theqsteuR §lstalipylj keriyd) alliyintE mrytl gsdtérogkyl@ranbstingedeikhbdnd -

rona Pre-treatnent and drochargi ng: The sel ected i
ea‘g\)ﬁ %’é%epﬁ?%ﬁ&hftydr%e@t glkyinalisayle b 3rdt hetgioatkybysubstituted

alkPCoforona di scharge. The corona pre-treatnent was
c¢conpl i shed by passing the web on a grounded surface
~NRrRerwhkere ocazha ROr iss indepemdeatiyi hydraganor alkgl, calkemght atifynyl, aryl,

aboyt 0.01 mllj per centji.neter of di scharge source
hetF@%@% Oyl iadeilb. BEberch & Gomceerdy Her sBemrghkymyl, anl
hetg%%lkyl 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.

2. The material of claim 1 wherein Ar is a phenyl or naphthalene group;

R' is hydrogen;

R’ is an aryl group with an alkyl substituent comprising 2-25 carbon atoms,

nis equal to 5or 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 2-25 carbon atoms, the remainder of the G groups are

equal to hydrogen.

3. The material of claim 1 wherein Ar is a phenyl group;

R' is hydrogen;

R’ is an aryl group with an alkyl substituent comprising 2-25 carbon atoms;

nis equal to 5, and

3 of the G groups are equal to hydrogen and two G groups are equal to -NR’R”* where

cach R” is hydrogen, and each R* is the same as R”.
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corona source was about 3.5 centineters above the
grounded surface on which the web was carried. The
wW@0ong87¢our ce was driven by a positive DC vol RGEES20091@42689
BMF web was then charged by hydrochargi ng as descri bed
in Charging Method 1. Filtration Performance: Each of
t he char?ed sanpl es prepared in Step B above was cut
4. iThe gnagertp ﬁé@léﬁnngéﬂler%wr@a%nh%bgﬁom was tested for

1 9 aerosol penetration (% Pen) and pressure
R‘a%%%“§%§§i and the quality factor (QF) was cal cul ated

R’ asardescgiotg drithrntaliie/] Tetstiniat botgifigens ahove atohbiese
results are reported in Table 3 bel ow as % Pen, DP and
N iggquphie B 2pdabl e 3What is claimed is: 1. A material

s GBI AR A0 AL S0 SR RBHF SR

hydegan aad RI' ighosgne thR%.group RL i s hydrogen, alkyl,
al kenyl , al kynyl, aryl, heteroal kyl or substituted
al kyl; the group R2 is al kyl, al kenyl, alkynyl, aryl,

5 IESTLRTHELY e PR b S B el gy i
compties aabkipbundobstuctunt &d: al kyl , or -NR 3R4 where each

R3 is independently hydrogen, alkyl, alkenyl, alkynyl,
a”aryl, het eroal kyl or substituted al kyl, and each R4 is

i ndependentd y al kyl, al kenyl, al kynyl, aryl,

het é¥ dg| kyt or substituted al kyl; and

Z1

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

cach 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.

6. The material of claim 1 wherein the N-substituted amino carbocyclic aromatic material

comprises a compound of a structure according to structures (c)-(¢):

(©)
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Ar is a phenyl group when n is 5, a naphthal ene group
when n is 7, or an anthracene group when nis 9. 2.

wab@omes7er i al of claiml1l wherein Ar is a phenyPCODS2009/042689

napht hal ene group; Rl is hydrogen; R2 is an aryl group
wi th an al kyl substituent conprising 2-25 carbon
atonB,Qg%is equal to 5 or 7, and at least one Gis
equal 10-NR 3R4 where each R3 is hydrogen, and each

R4 is _aqQ aryl group with an al kyl substituent

conp g 2-25 carbon atons, the remainder of the G
grou e equal to hydrogen. 3. The material of claim
1 wherefn Ar is a phenyl group; Rl is hydrogen; R2 is
an aryl group wigh an al kyl substituent conpri sing
2-25 ¢ bo'\ifo';' xS equal to 5 and 3 of the G

groups ar
equal to

ogen and two G groups are

pach R3 is hydrogen, and each
R4 is the . serzmat erial of claim1l
wherein Ar |s a phenyl group; Rl is hydrogen; R2 is an
aryl group With an al kyl substituent conprising 2-25

car bo FQns; n is equal to 5; and 4 of the G groups
are eq bo hydrogen and one G group is equal to -NR
3R4 W R3 is hydrogen, and R4 is the sane as R2.
CizHazs
(d)
C4Hg
M
HN N, :
C4Hg
NH
C4Hg
(c)
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5. The material of claim1l wherein the Nsubstituted
am no carbocyclic aromatic material conprises a
W@ 20oposTd7 of structure (b): (b) where Z1 and ZBCHD$2009/042689
i ndependent |y hydrogen, al kyl, al kenyl, alkynyl, aryl,
het eroal kyl or - NR3R4, and each R3 is independently
hydr ogen, al kyl, aIkenyI akanyI aryl, heteroal kyl
or substltuted 3 k and erch i s i ndependently

al kyl , aryl =yoal kyl or
substit hydr of 4l kyl, al kenyl,

al kynyl ; or uted al kyl; and
R2 is al al kynyl , aryl, hétesoal kyl or

substHxut ed al kyl . 6 The material of claim1 wherein
the N-substituted am no carbocyclic aromatic materia
conprises a conpound of a structure according to
structures (c)-(e): (c)(d) (e)7. The material of claim
1 wherein the material is processable by hot nelt

7. PhOGERHRINGE. claim 1 wherein the material is processable by hot melt processing.
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