METHOD OF MAKI NG ELECTRET ARTI CLES BASED ON ZETA

POTENTI AL [ 0001] The present invention pertains to a
woewome7hod of chargi ng pol yneric el ectret artPClI/@52009/040426

The nethod i nvol ves using an aqueous liquid that has a

conductivity and pH where both are selected as a

function of the zeta potential of the article.
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dielectric articles that exhibit at |east quasi-

ermanent electric charge - are known to exhibit goad
[0GO1] ¢ aTliledﬁeiﬁlka’é(P@tilQ@speffFH’éé‘éaﬂPWﬁEffﬂé%d plshargipgpolymeric electret

{ hirapetdady Fvyided 1?3t1 acﬁlg&zﬁt G4 J[h%pﬁas abébttld a{Vliﬁ and pH

tration purposes, connDn y t
whfembntloﬁreaelwt&mgarfurpmloymsﬁtheczefau potaital wthe aﬁmleex anmpl e
of such a product is the Filtrete[err] furnace filter

sold by the 3M Conpany. nwoven pol yneric el ectret
filters al so have been ugg@@f\ﬁ—é@l] rsonal respiratory
[O(R]ngt eC]El'thPet deyiiges thaﬁ? edlelgﬁflc @ﬁﬁf@gltﬁ‘at eymglt aPRL&YfuSsi-
440 to Berg, 4,807, o Dyru

peﬁmaﬁl@ﬁt, clQbri¢ chakgonzar kat)walto ;:xlﬁb18 @do@ﬁﬁratlon Br@ﬁmeet These

6, 693 to Rekow et al 0003] The .el ectric
a“@:'ﬁﬁrhﬁ g?ﬂ’i‘aizélé%nefiﬁ’é aélﬁpf:tly(0$ Ci?a‘FS“i“ﬁ%O'{wg ﬁ%‘%?% [5:iog purposes,
theCRREINS EorRRABAlYFAIRShE ﬁﬁ%n S EnoRRENPSY mcRc %bfddé'v&%bt et example

passes through the web. The nonwoven web typically

of suphtagirndudt istbe Filtrbat™ bmnrf;b fiursecediledr scldrtiyghe 3vh@ompayy.

ductive - t ft h h
NN CReY s aleobi R lin iné Bebt Wbt e R BB g Pt Potection
defitdd €l @8 fol CORIEAD. PsyPéN@ﬁtk 4f5@lsaf40 ﬁgB&% 4807619 to D%rud etal,

el ectrically-char’gi ng pol yner I's is describ
5,307, 7eh telKedrghar étral Me8AKADS Blfaun:haatlg end 661688 ta Beleow et al.
[O@ghgy > rcftrﬁ%%a? § %ﬁ%&% g n f%{l d Cv:voorlftgﬁ %&}ebﬁoz %apture

parHRRE YR dreQfusRAGYAES a ﬁ@l‘d'tﬁat%bs@gtﬂfb&’gﬁ e GRP! %& fonwWdveh web
APPL. PHYS., 4475-83 (Cctober 1976). Chudl eigh's

tymmﬂbrcmnianmdlwgsth@trmngxmg dielqetrioyf thet isatdngbmtvstipoty pelymers. A

vatidly of BB o€ n et R PR e Sy o oot el S9Fs dictes.
[O(f(ﬂu nSEJa[rfya@grk LRARSIAN QAL N~ MIREMR: bEITHRE IR if @scribed by P. W.

making a polynmeric electret 'in fibrous formis
Chd{llstghas ddechanivin 8 CRatgentrans/1® o3 dymer Kubice band davitéing

et e 90 3 TSl g o o

Fo% /50l Ifil 58 Coﬂb%tsf 4perserl By e BUs UED G 1976). Chudleigh's
“mel t-bl ow ng" process, where a stream of gas, which

mathpdghvelFicsaghatginha pellyﬂoonoythmmt: polymen foibibeapnlyine eevoltage to the

foif P vTREr ol e LI il Bt ot RnE RS Surfebe

[0005Per SARCEUIKhE S tecRRdQTor nfikid LR3IV BELOEIckPetGh BBERs form is
the fibrous electret web. The patent nentions that

distloseceini h§. Bitbitcd, 2ide§B2da K ubec andnlbmw el tby ngethert ey filests are

bolRaph ol el poiieleSPRuioh SRUE PR fieiopiises The fibers

arcedr@ftd elinyg Ds cRIbERviRAVE 0B&S W0 d UG E4n BY o &0 AR is blown at high
charging. U S. Patent 4,588,537 to Klaase et al., for

velogifyped [0 Hisaligonfid, Bravpouidils etxrraded polEmenic matsuis] gndieagls it into

a sg@é gg(i gﬁor %Hbdl ?Pg eIdQn ?I\ékfé S accut%olsaltet ragcq]oemly on a collector

to Sl R tibralié Me@tke@sx%@ dihe lpeht m@nticﬁis lthat Tilt@rif @ E@RR&nk$ can be
produced from a hi gh-voltage source that is connected

to oppositely-charged thin tungsten w res. Another

hi gh-vol tage technique for inparting an electrostatic
charge to a nonwoven web is-described in U S. Patent.
4,592,815 to Nakao. In this charging process, the web
is brought into tight contact with a snoot h-surfaced
ground el ectrode. [0007] Fi brous el ectret webs al so nay
be produced fron1po|yner fllns or foils, ‘as descrlbed
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[0025]"liquid" means the state of matter between a

solid and a gas; [0026]"nonconductive" neans
wEomsresEsIng a volune resistivity of about 1014rP@NDSI9N9/040426

or greater at roonttenperature (22 O

[0027] "nonwoven" mneans a structure or portion of a

structure where the constitutents (e.g. fibers) are
impyeyved bbgétqtrerof Yo ar meshwhen tlrlermetlhblﬁwmé“Wrwe clectrically-charged
1nﬁ@ ﬁtsubstrtuted am no aromatic" nmeans an aromatic

group ? at has one to three fused rings, e.g. benzene,

[0098pht NEibRE cleofrettwdbazil sdthav@bebnt fiaduded by @bﬁ)ﬁlhtchzhgﬂlgV\ﬁU B.

at | east one substituted am no group of the ty

Pateni4, f88, dvhktoK lapse o ploufipr Reanpde, ﬁtzaweg@hroualvrapr thﬁas/wr@muqusly

n I
PR JRSRh) By PR 1
sulssahipiany-aloesddiolec@icFulds The vbreda iﬂ peydudaa Viohga Ihghafoft@ge source
carbon atons, and the group R2 is hydrogen, alkyl

thap gqGongected i@ omowhb@tr?ggedathmatuygst%wﬁg n(tthershlgh -Mglsage
e TR SO SSAE Rl SrlfhHEHE N B b
Paat. 392 &l 6 13 Nak£) 28 ]thip Icharg®@pro & ssTRlasweRisdroddh@ into tight contact
acidity or alkalinit gbasrcrty) of a solution at room
witheiaodi-girdacad grpmdsiasradg 22 € 101, 300 Pascals), on a
00D S REALS, A ot AT ALY SRt o

dedceiptHeliiSe Batoyts ReC B@ASL, RY. $1,.38% dnéRev a2, UBE to mdrmmttdnt The
increasing_al kalinity represented by increasing

potyare@ Simy e teds arcrdeqtiqaatiedprriprgpd Dsforn bcing ghiil I%ted Thto fibers that

are s?tgg"er Iﬂ{}} oq’leh{ég 8%%? c? fnt(ﬁ Q ﬁoﬁtggye%rﬁﬂr&%aﬁlt&y drogen
pol'ynmer™ neans an organic

[0008]erIhibcﬁdnﬁhlap@m@&thEﬁﬁobQﬁﬁ&&b¢dﬁgwbdtdﬁﬁﬂxﬂﬂ@h&ﬂhmhadchargeto

units or Héps, regu or |rregularly ar r anged;
fibprgo 41+ Pt%ff“;‘i Op $50 ﬁ%gr@% FreEPat anfdlies mpsenAkShat gpiRfains a mixture

of ?%&1% b Yo B&?nggn'tﬁégtrc%glﬁﬁgrsﬁbelsqgﬁﬂw@ Beéﬁr@%tde‘a 1nto a fleece and
[ ormn terital™ “neans a conposition t
thenantded s forpal fghelhe patemrr&mm haking thtmﬁﬂomewell sarﬂmbtt&y
of producing a pol and_possj bl y contai ns_ ot her
begomes Sefitrer sy charepdt arlg ithe @xding| @h%PYOBetSﬁ@SC%%?%%BWdS
on affinity" or "PA" neans
Cmﬁ Oh e%g?ﬁggogéqgﬁéhmﬂ%ﬁélpy change when a proton is
[O(HB] ac HBdbdcbargingd | @ceaneceur Wwhdndd gh-o¢loeisy mﬁjhafg&ti@ets of gases or
(kcal / nol ) ; 41"qual ity factaqr" nea the g
liqpigs pisrpagged @e@%’%ﬁwsﬂré%?er %@69 tHe tPﬁ@ntgaﬁ?t) f‘@g Coufal et
al. BREHRL the ‘?ézhe cff%tdﬁcf?&% ulh%?k'%]t thﬂ?alce BEEHEBJ‘&E&PC film, the
nmeans t ectric ge resi es In the artic
suﬁmMékcmhanﬂmmﬁdatnDspherrc conditions (22 C, 101, 300

[00(1%S cal lnpaqtgg?qscgg e&%]@ﬁtr@]ggtftgggg{a‘g? g}]]%%%)%ﬁqrgt@cl él%/a)rgef tgra naonwoven
[ | ;
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a sreark oiwaeel éoiplcdkana ennpmgpd)bmntar maln)x/oaen web thag bmttnns c

current, caused by the OMIOf under ssure
nopgoRdrehe ISR SFeaier] th ge@sr Bwe dpn air
cor'oﬂé( RIEALEe Q@Jtttn%htnc?ef&‘e tik %%d?ﬁté?@goﬁgratf%kdaHQu%r enhance

el ectret article. The net’hod co I'ses: (a) providing
chagpgl i résaltagtdhetge provites fdtramQr;reett,haacndg Ppecomnt ct alﬂgU S.

PSR4 MR 42 G EBBR ek Fof 0320 ol Rags 1)

1'1@ 69@@0 ﬁhgédg Vﬁn@ @tsal aaﬁ(% 34P26L R Inley f all ?@rsotﬁél%ethgdsgbf using

l'ivol t he contacting water has a
conductrvrty of about 5 to 9, OOO m cr oSi emens per
centimeter (mcroS/cn) and a2pH greater than 7; and
(ii) if the article has a zeta potential of greater
than -7.5 nV, then the contacting water has a
conductivity of about 5 to 5,500 m croSi enens per
centrneter (ntcroS/cn) and a pH of 7 or Iess The
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[ 0049] Fi brous articles suitable for use in this
i nvention can be made froma variety of techniques,
WO p@badk7og) air | aid processes, wet |aid procesBEBUS2009/040426
hydr o- ent angl enent, spun-bond processes, and nelt
bl own processes such as described in Van A Wente,
Superfine Thernoplastic Fibers, 48 |INDUS. ENGN. CHEM )
wafez 4 prpguegheleqtiet P%é}@tﬂst Nosaquegsipelpr igadngo dprvReesaasedin making
u )
ﬁb@?% e%{r uarmgg‘le p_S% Ser’ Fgat% gﬁh?g%%ai\ﬁtéglg}l b{ lllVan A
[00A4nt e @adlag ceﬁrdﬁleactdlbmus ﬂ&rmtchmnwebeldcﬁewwafohﬁame. One
made usi ng conbi nati ons_of these techni ques and
meghndfonBRnTere L 6¢sISANER t9 PhEryst apfaselsf inpludes addine 4 walt Rrqogssable
I u
ﬂu%ch%ﬁ%%ﬁé%ﬁ&lg% F fludtolh She%éél g;%t%oft{dfn‘/qné Ah&@xghen%%}

piperazirdl 6r p&fuBhitated' dtk&ieab Itlhﬁ;ﬁo'lyﬂﬁéradlﬁ‘mfgltb@ﬁ(esﬁod dfahe polymeric
have an effective di aneter of about 25 microneters or

fibrouig grtigiy-rsse+foy exapume U §i Bateler 54027.058 ad P3P QR o Gatercet al.

PR, PRI 7l PPl T SRR R B o

prdee¥seble 1Baf(id ﬂ&&)suft&)subfsﬂahtuﬂ[y mgdeppplaticathdvishe bl processing
m.crofj bers typi cal I% have an effective fiber dianeter

cowtlwstgattaﬁf‘aﬁseééo ey Badbersdn thegilecticl prb-atoeplsodhgubataNo.
: - L ori L
5 ,9?)?152‘? %éfé}o/&&ﬁéﬂo&%tg ”ﬁlsa@g ion Stg g’qﬁefﬁtdﬁ%ggsg%ﬁg%’tﬁéﬂﬁ rguohﬂ&t@&l electrets
alsPatenbeen R, byGRacilRE3goldmhtric Bﬁ&%m%&tlﬁmj)héreltﬁﬁ cbbtdirtsa
Van Turnout. Nonwoven webs that are

flugripg-eQEaBMESRECI BT BYeARINGTh %%ﬁrtddhewgpbé% P%FIFC%QJ digcharge to
R PG ey crioari drrgggty be
thepfoapaf e plaamacuch axgant ACtchsnia mvsaharge NTiat plasrax flubtitat@n process

Qual.ity Factor greater t han %. nore typically
caysep HpQInG HAms DR dFesepednd ﬁéuréarcwé |ﬂ€/‘ m%ﬁj@éﬂcle The
rs
T e SR e R R TRl B
hydvebhdrgiing tedhhafues sientianed etonae TH@IM&Sﬁlﬂmnafh{dpﬁmm} inedscribed
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personal respiratory protection devices because t
flumekgutation respire dewribodmelU So Rhtont Ab4429 lotovipartz cifieand hiectret
E?ﬁ ]?ure dr? @S Iovver,[ | ess ener I.S neg%dto dr aw
art 4 havigh [h Hugtopqtiationratiog 1y Gon tl%‘é(rt CIRHGYBHLS a
dedtE88Y [nV8 SPPES /T, 844TBSK o Kﬁrlb@ttal' @tl?er E)ﬁ@lﬁ’da'ﬁ@ﬁﬂha{ N&dlose
requires negative pressure fromthe wearer's lungs to
fludnsationaechnidquen inghude h€.S. Pht &los -6,4 HYs71d 62388466, halA0%4

o3 3er et & aRed B8 ol oG f Aol 7oy USTRwERAM Us

2063/btﬁrf5'15'9x183>h%1t@@§062?0 gty %10%& &téﬁéﬁﬁhﬁﬁﬁﬁlc&\h&hwo 01/07144.
powering the fan and to extend the service

[0 t erkiltemwebshadsot levy bpowenodaced et et dethbeeatctly postadharglng or

lBRRgRL e b b gt "poBR bt PR & RO §hPF ol The

fibERNafe BN FERAU oD ZBIHY@ MR toMBR&SNM copfdiyRdt ofteﬁﬁllene 5 to 25 weight
remai nder of the bers are m crofibers. anpl es of

pemelttsoft(tmath)myitqaacm shd ppeorfallpetheuglr les&jprsfclraiﬁsedlprtn 4QJ vw&ight
Pat en ser

perspu ag gL (el igtadu st dkt s daee figpT [l 4bSH Sioms

FiRUb POSESE thé AGH Beiupgd al%q{et&ﬁrﬁﬁzeﬁ%lﬂp§ ﬁl%tal ol gﬁﬂ&hlﬁrl an ion of zinc,
pur poses, and ot hers. Patent 5,696,199 to Senkus

et al., for exanple, descrlbes various types of active
particul ate that may be suitdble. Active particulate
that has sorptive properties - such as activated
carbon or alumna - may be included in the web to
renove organic vapors during filtration operations.
The actlve particul ate may be present |n the web at
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fibers such that the positive and negative charge is

random y di spersed throughout the web. Random charge
waelr@prssad tends to produce an unpol ari zed webpPCTOSN9/@40426

nonwoven fibrous el ectret web produced by charging

with a polar liquid Iike water may be substantially

unpol ari zed in a plane normal to the plane of the web.
sodppelidivmaar nignesiaeer hartye®fithese-hi Be eanehencrihgeamajt index of

pbit ¢ fi A i ny.Fi gur

3 00y i 0K BB T M B Mo R U iR B,
polypRp@lisic Wepolgtthglchs. Thbfibgt athythe prodiRedtirolgheambBBlowing

operation, it would exhibit a charge configuration
pragesfi nd maycba ¢oeledanigkduvahiveicrdp puaveniexrpsgeadigg  dhe patent

. t . fai IS G e .
dish B3 PR Her b B E Rt o RE L A ARG BRI legificaly
indobed, gatit Bhagghout the vol ume of the web.

"Substantially unpol ari.zed trapped chqég refers to a

[0G13hr o Qther ele¢tiast t%wntt%@d@%mseﬁe% desegh lt%rléﬁ Ratgnt.065/.710 to

.qf e i r r . i . o
N OO RbIPE RGPS LS AP sy st gap gobitier
seledied froinhendteabaminat, aritrégentdoatadlieg hindeed ptedods andheaal-

Thi s charge confjguration can be shown subj ectin

is ch b |
contpiningdyndgedrgrnolsodic prishpmentins éha&%felﬂC%ﬁ%?td@ﬁ‘é@#@%h@ﬁe

0Ge ' I opingl j I Qr..a: St -
oSS TR N0, Bl R B i
thef mhwavpefabeid sbedt betticent ntadlé-liRatkect@odd dndraatdanh electrode. U.S.

enhanci ng el ectret charge to the web, .and then drying

Patepts 4a65t2i,%|2é1nd 45788,304 40 O%gtOélnf{t aNéi_esqgl,bg IBCoBpPrating a fatty acid metal
s e 8 PR AR R BB A7 &
petidrofatithe.clapandst Patear okieknelPdD19¢ 7 dnsdribes tlyerectothas@imayése poly

used, the type of polyner fromwhich the article is .
4-mehrekporiAe i I sREWRLAGES B irom el 4 faraRoupd copfaining a

! Chi ‘ . ‘ -
phfRL KTy Bftio; 1] o MK AR LECRROSAR doto o ABRRT e ©) o
thi¢ Giobdxy |8 & pdRm)l, @) e phosphaliue cohipeundtsd Gf) anaster comipound. The

stream of water droplets can be provided. by any
paigp indigpies that by e&f‘é\thgé%aV@?é‘géilghﬁP@gﬁﬁtagﬁﬁ%ef ul ~ spray

I ceny . | 4 (Vo

O S P AL BAE R Rn R s MR A, bE foicing clectret
artjpbestindlndza2008Ak 1 5478200231 15E7U's @030 1 3351, A0@L-HCIROWRO0M-66027,

dr ochar gi ng apparatus descri bed above - see U S
an‘iDEQe%‘\qi/%” ¢ 30, 782; 31,285 and 32,171 to van Turnhout,

[O(ﬂgfj U Ryr aR3c? 5‘151%634 ofthe dJIlléleﬂﬁgrﬁatAfﬁeli’n%%ﬁcEsoaq%#hwdﬁﬁs may be
et al., US. Patent 4,588,537 to Klasse et al., an

trahhf&redRddotlinated ,b5%_scﬁlh<5d Watei\l&jqaodudél obatretst seeﬂ\dc@am:y ind

WA S s el S BN S Y v

E lé%k‘r?ctartzgh BE RISE & S€ Vi7C88GS UGN SN FI X5 DPIVBRE See also McCarty et
headphones and speakers, fluid filters, dust particle

al. clonicrigectobey ilesrastutic € hgrginpofburfalet ay&raedsectingdtoatle dons Upon

ener. rs, electrostatic.r der respirators

o131 Codi SRR Fe [ E0T % ByebSQBh1 B e warer —
HYGRIHDb B9RR Fsur fAEAL I RS YLOhA A8l A, 9NAMBETEN T, b QN QB eptember

and face masKks. [0069] Nonwoven m crofi ber webs usef ul
17j2000he present invention may be prepared using an

apparatus as shown in FIG 5. Such an apparatus

includes a die 60 that has an extrusion chanber 61

t hrough which liquefied fiber-formng material is

advanced. Die orifices 62 nay be arranged in line

across the forward end of the die and through which

the fiber-fornming material r4-extruded. A gas,

typically heated air, may be forced at high velocity

t hrough cooperating gas orifices 63. The high velocity

gaseous stream draws out and attenuates the extruded

fiber-formng material, whereupon the fiber-formng

. N a o



= Eelec + ET + EZPE. (6) A bare proton has
no el ectronic or zero-point energy, but it does have
wo b@pted7o0ener gy equal to 5/ 2RT, where R is thePCT/US2009/040426
uni versal gas constant and T is the tenperature. Thus,
the energy of a proton, EH+ = 5/2RT. (7) As
described in eq. 1, PA = EH+ + EN - E. [0085] The
met hods that were chosen KE¥84BEen val i dated agai nst a
of r tal PAs. The experinental data were
[mﬁgienlpﬁﬁﬁﬁ‘%qEQPST Webbook (Lias, S.; Bartness, J.
[07] Gasgihasemban hitehdBARSI ByuiY comtai &llcih@bd a0y, water by
WebBook, NI ST Standard Reference Database Nunmber 69,
volmgy; P, J. Linstron1and WG Mallard, June 2005,

[0(@’ It gg?ls H§éSI\9B[u ¢ gE)aF}%gﬁs ? (?eb]b itich atm? %tglg&(;a\‘?} n paar‘%lt

termlid]bdys beidgian oE&b laﬂie];l teri@atlidte@nave e sﬁﬁﬁ?ﬁﬁubwnh "includes",
diversity of the chemcal structure and not by the

"haydng] arcywmalml% - HQnebmeemprisas” . minclydsp'e "bades, andheontaining”
anc‘r: 58‘%&10% ﬁ}eegéof ?{1 ﬁ%élgnscﬁ{lf K éea(% g? ot %\I/te}rﬁg téIHl% &1@4 g%%gqalso may be

sulﬂft)l}t ﬁ@cﬂ'@dd&ﬁs&tg M wak $@ms istidH zfsd'cbﬂSMQéssbﬁ’ttalllydifn @vhich is a semi
chem cal | y. redundant structures. For exanple, the data

Op@b?nd@riBNP@nv%%tét $xsbudgelealy tmﬁe things o clethenty thab FPrHxE 2

G . e

fureaibai rly wei ght any one type of nol ecul e; thus, the
validation is npre objective. The cal cul ated values

[0H8}  pAcapducgvipenmp#nsraybaances apibigtodiansmitiedecisiy:

I gn fe
08851 2t oY Fopk o PR EFE S PR et hoat
[00Rhe MIenthalpyPcass 4 therikednbnid propéity ofd substahse, expesehed by
o be further reduced by. |ncreaS|ng t he basis set

t
"HandesrHmp g tcteré igas eyl cnoegys BioWaPramremday mythe

Volﬁa? Eﬁb{ﬂ_ﬁg IQ,niR/g}el[ 12%51@ :Qé';frgg aa{l: %sgés?ﬁlg WS %eel%%ﬁ@lé @Y pressure and
volMags itSpe clﬁén;gmm (%) 959;'&&]2 &&1)5 eqhkddtp tha/\la@’t moéaghtd’a Itlmﬂyaieﬁdat
usi ng density functional theory, DFT. The AHdp

coRpiELl BFFASECt her nodynami ¢ properties are defined bel ow

[0@9@87] %Fﬁﬁalé)guqtflagplﬁﬁgﬁ&gym&qhﬁg %h%@s (£ %\5 Fedbilkl % Rhove a

pra2O0HHMABMORBEIT/ US2009/ 040426 [ 0088] I n the case of
myl ecul es with nultiple acidic protons,
[0MShr ot GivaausoMeans RSsesing @E&%ﬁnﬁé’&ss@bf&ﬂ%%én%iﬂiﬁm&al ue

th t
[0622, di c%é’r eleac:'t:rjefj%vgb %8@%&&%&?&%&&?&%@%& t% ﬁzﬁ%ﬁrﬁs a
qu@sﬁ)@&%]laédeht eiécttlhehargé cuI at| ons were carried out with
rsion is calculated using the

[0%! | ow.llﬂgldp m&@eaﬁwetaémf métt%%meedt sohf and 2 299815 K.
[0(%6] EN i n&o%'&ﬁ \%d n%%gggg‘s%&ap]%qa @lu&l@?ﬂ%?%ﬁf fﬁ%ﬂl ?6“4 ohm-cm

The erns e ec are ca
or bRetct @PHeinaBAbadnSP e EY; by fO||OMAng steps 1 - 4 |n
t he above section. The energy of the deprotonated
lﬂigﬁbcu eslonﬂwveﬁ”gn@em @‘tre@uraspr EprtionmdiagiugtugeTwherg ssreonstitutents
(eg ﬁber?%lrreghe{?ﬁ P%g%@loes no, %rt n| & QU Zer o- poi nt

et her'mar ENer'gy equal to

[00282 RT, "NWBedsetuied Sminb %rdﬂﬂaltice mfahs §asroaRAS bt tRktthad ohSto three
the tenmperature. Thus, the energy of a proton, EH+ =

fussd pirgs. c.g. benzene, naghtaksee. i &dazine. e@fhﬁlﬁ@rﬁu‘?@f}ma@m at least one
} t
RSl R SR A3 b e ot b
data that was taken fronlthe NI ST dataset, and the
data are given in Table 1. The cal cul ated val ues for
AHdp are also given in Table 1. The nean unsi gned
error in the calculated values is 1.7 kcal/nol, which

is simlar to the error for the calculated PA. Table 1
Experlnental and calculated PAs and AHdp in kcal / nol.
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Ammoni a 204.0 206.8 403.6 0.8 407.3 Aniline 210.9
211.3 366.4 2.1 368.4 Benzene 179.3 182.7 401.7 0.50
wWamIA4MPphenyl am ne 350.8 2.1 352.2 Met hanePdRBSH09/040426
130.7 418.0 3.5 423.0 Methanol 180.3 180.5 382.0 1.0
381.7 Methylamne 214.9 217.0 403.2 0.8 404.6 WD
2009/ 148703PCT/ US2009/ 040426 N- Met hyl - Ani l i ne 219.1
1 t9 24 carbgey ag ary} haviggd te 5S2ings thy magds Ziéﬁléﬁﬁeﬁié)fqudila heteroalkyl

4915 8848 AL R 83 g
grdupR? is hydrogen, alkyl having 1 to 20 carbons, an aryl having 1 to 5 rings that may be
connected or fused, a heteroalkyl having 1 to 20 carbons, or a substituted alkyl having 1 to
20 carbon atoms.

[0029] "pH" means a measure of the acidity or alkalinity (basicity) of a solution at
room temperature and pressure (22 °C, 101,300 Pascals), on a logarithmic scale of 0 to 14,
with neutrality being represented by a value of 7, with increasing acidity represented by
decreasingly smaller values, and with increasing alkalinity represented by increasingly
larger values, defined formally as the negative logarithm to the base 10 of the
conventional hydrogen ion activity;

[0030] "polymer" means an organic material that contains repeating linked molecular
units or groups, regularly or irregularly arranged;

[0031] "polymeric" means containing a polymer and optionally other ingredients;
[0032] "polymeric fiber-forming material” means a composition that contains a
polymer, or that contains monomers capable of producing a polymer, and possibly
contains other ingredients, and that is capable of being formed into solid fibers;

[0033] "proton affinity” or "PA" means the negative of the enthalpy change when a
proton is attached to a molecule in kilocalories per mole (kcal/mol);

[0034] "quality factor" means the quality factor QF determined in accordance with the
Quality Factor Test set forth below;

[0035] "quasi-permanent" means that the electric charge resides in the article under
standard atmospheric conditions (22 °C, 101,300 Pascals atmospheric pressure, and 50%
humidity) for a time period long enough to be significantly measurable;

[0036] "water" means H,O; and

[0037] "zeta potential” means the electrical potential difference (a.k.a. electrokinetic

potential) at zero electric current, caused by the flow of liquid under a pressure gradient.

SUMMARY OF THE INVENTION

[0038] The present invention pertains to a new method of making an electret article.
The method comprises: (a) providing a polymeric article to be charged; and (b) contacting

the polymeric article to be charged with an aqueous liquid that has a pH and conductivity

-6-



371.8 N-Met hyl - Met hanam ne 222.2 223.2 395.1 2.0
394.2 Piperidine 228.0 230.1 Phenol 195.3 197.3
wWEa®9048783 0 348. 0 Pyridine 222.0 222.8 391.0 PCBUSDAI/(40426
p- Tol ui di ne 214.3 214.7 367.3 2.1 369.6 Triazine
202.9 201.2 Tri met hyl am ne 226.8 226. 8
N, N, 4-Tri met hyl benzam de 221.6 225.9 Wt er
as ﬁ_@@v&g apd thye @oqledas a zeta pptgatiakpd| ﬂ@ﬁ dpnE/ rSGrnlh\j_ol‘g (rny )ythen the

contacting water has a conductivity of about 5 to 9,000 microSiemens per centimeter
(microS/cm) and a pH greater than 7; and (i1) if the article has a zeta potential of greater
than -7.5 mV, then the contacting water has a conductivity of about 5 to 5,500
microSiemens per centimeter (microS/cm) and a pH of 7 or less. The article may be dried
actively (with a vacuum or heat) or passively (hang drying) or combinations thereof.
[0039] The inventive method provides a new recipe for making an electret, which if
followed, enables improved filtration performance to be achieved for electret articles
adapted for such purposes. The inventors discovered that improvements in filtration, as
measured by the known parameter quality factor (QF), can be achieved when charging the
article with an aqueous liquid that is selected to have a conductivity and pH as a function
of the zeta potential. The inventors further discovered that the proton affinity (PA) and
enthalpy of deprotonation (AHgp) also play a roll when certain additives are used in the
polymeric material that comprises the electret article. Improved filtration performance is
beneficial in that it can allow less filter media to be used to achieve the same degree of
filtration. An enhanced charge level or a more optimum charge distribution in the

resulting electret article may be responsible for the enhanced performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a front perspective view of a disposable respiratory mask 10 that may
use electret filter media of the present invention.

[0041] FIG. 2 is a cross-section of the mask body 12 illustrated in FIG. 1, showing a
fibrous electret filter layer 20.

[0042] FIG. 3 is a perspective view of a respiratory mask 24 that has a filter cartridge
28 that may include electret filter media of the present invention.

[0043] FIG. 4 is an illustration of a non-fibrous electret article 40 that may be used in
connection with the present invention.

[0044] FIG. 5 is a side partial cross-section of an apparatus useful in making a
nonwoven microfiber web.

[0045] FIG. 6 is a perspective view of a liquid jet spray apparatus that may be used in

making electret articles in connection with the present invention.



Zeta Potential Test [0091] To neasure the Zeta
Potential an EKA ELECTRO KI NETI C ANALYZER,

weewoeesTdal |y avail able from Anton Paar GrbH, BEEHES2009/040426
Austria was used in these Exanples. O her instrunents,
using the protocol set forth bel ow, should provide

conpar abl e neasurenents. The el ectrical potenti al
d| fference QETH]JH}DBSICRWfaNrOF‘PMFERREDEMBWWNT& he fl ow

l I %I (g d&ﬁ%%\gr%{eﬁ#easéﬁﬁrogmgegl?sd(#feﬁﬂé 1n% &e 1%%?{% ﬁgmglsogy is

usesalrfofr&makm@f cldiit@. dht ﬁrﬁ/feﬁﬂ@ﬁ% hﬁ%véiﬁsﬂ‘bﬁﬁ%rﬁl@d &Ebél\ﬁlﬁ[ted to the
the ends of the capillary, across the ug, or on

sp%pfgfot@m@wsseérégedoﬁn s taubgpmfi@r@wpéﬁh%@%ﬂbrtﬁm so ylegicchincludes all
tecﬁh%glter Pﬁe%ts tﬁllt epa@e §1ﬁn]taﬁg.c.ed though a porous plug of
materin , a stre mng potential devel ops due to the

[00471 i oninQiradtiRfify thé ptcbent dinfchtion, @iectrayaticleandy bt nﬁ}x’dﬁ bl irst
nmeasured by an El ectro Kinetic Anal yzer (EKA)

he
pr@ed@&i&h@rﬁgﬂ%f@m shargodepd tharcoptacting that %Ttlélél \wr %& guenes liquid
thaf ﬁ&saé% 90‘?1“ Eﬂé‘%@c aftf lgﬁtr?ag &éﬁr@&ts&? M{e l@g%%@e%ﬁlg [ of C}ﬁéf LJ.I%}ISVI o-be-
chaxp@d. . If @reearticle Mobe-cRatgeMbas d Bsta p@ential 938 gd32p thadG05. rmlhvolts
Measurenment And I nterpretation El ectrokinetic

thepibhenniaraing pameees h@%ﬁﬁv@&w% ﬁ@mwtwme@%}%éo%m

ST APPSRt AR oo

7.5ah8Gtslndtsn tlenduaoddigiceill hole asopatiedtivitylo€ S5analopaer
i ncl udes a punp to produce the pressure reqU|red to

MigraSIeMERSs émeaélfirad@ geatsp hani o df thgaebimariaariigle seupinmen N-

sul&smlﬁ’éd Qﬁmo ak SR dd e{ (aﬁf{;fé\fﬁét Mhas IB oq?éﬁg@ff{ng? §%g§ lﬂﬁdn'l%) EPMO
contal ning a sanpl e ter e escri pe

kilbe@ias peSﬁ]DR(XIkSalfnmsl) afﬁh&uasntlﬂgpy efrqi@irabmt&m qiregessatitiean about

dro con uct|V|t ose extern 1y of
333 igilioaq and #eotep afiny ‘?WEL Sﬁ%‘lﬁfﬁHS liquid
ifi REvPLPRYS Réit f Rd if th
B RN ﬁf%%*s{ﬁé%%lﬁg%?"“ b o
polyacuic SB.I‘thTfh&I‘ltﬁﬁSJilﬂ NF@bstitmedmnmgp pohatit additiatthathas an enthalpy
ream ng c rre e de ec ed by neans Ef t he

of E?Pé%tPP%tHJé’sOH%%Sé QPt a PPB dhen e aqueeps qulﬁ*ﬁ@ﬂiléy%a pH
| ot
of PRh&E a7 £ L BRISRHARY e 3o HI0B0 i EloSIIA. NPk Rhired pH valug and
covstivity ¢fthe Eqauaolus bgindrcan bk nMdsﬁadrto uSparticlesge m:cordlng to the
el ect oendo? s, 125 J. 2319-30 (192 gs)
INVEREQN P, RILTO lmgot S bas R C%@ntra ‘fa@mclzﬂmfﬂépw in the
e
waRrSFbE Olailfl, bEHAELH SURLARARRY bEHRGLN (GARME (DY
aqlmmds EMatieramip he Sofdtieldy @crcesdsl ymdling mémwrsodinm IEKLoxalismto the

wof T B e i b b ey QHL Byedss U Ry Gridudly

deMtbsE OfHdlids c%ﬁgucﬂﬁf'it?}gﬁdu\ﬂ Rxfrﬁlcréﬁg@wﬁﬁ%é@cﬁhm%t@a&@nﬁo the
Remote Titration Unit for automatic titration by

watﬁmnff ht: eH ddint atcmeouﬂeth c@eb;b K yorwgane while sheumedudtionty can be

RRS BSaDLS SH o by gy pl ror ri Fontrol and
Va@?”% thé ﬁﬁbhﬁ%ﬁ%%ﬁ%dﬁlﬁ%l%dé N@ﬂ)efo%tﬁﬁﬁﬁltyo&ntrﬁl Ina

iITerica, MA using an Organex-Q cartridge, '
contmmueproowgapiﬂ end¢ oortdanfivigningy b§ @ﬁgwam@rxylan@rsm for extended time

per%fgsf S%ﬁ%lﬁ%ﬁ& F“—fgt%bg%kog%” ?‘ff(l‘)geo agﬂl&ﬂ’é%ile? nstruction

Manual were followed. Specifically, each web sanple to
be tested was folded into a 10 | ayer stack that was
then cut into a 13/16 inch (20.6 mllinmeter) dianeter
circular disc, typically wer§hing about 0.2 grans.
Sanpl es were handled with tweezers to mnim ze

contami nati on. Each sanple was placed into the EKA
sanple cell, and the 2 parallel electrodes were
adjusted to be about 3 n1II|nEters (nn) ‘apart, being
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[00102] The foll ow ng exanples are nerely for
illustrative purposes only and are not neant to be

wO 209P1148793 on t he scope of the appended cl ai nms. PEI/1US2009/040426
parts, percentages, ratios, etc. in the exanples and
the rest of the specification are by wei ght, unless

not ed ot herw se. Solvents and other reagents used were
(00481 ai ndeplfcanls mpthedofmdking klechetrrdelps @?gbé@wd performing electret
I k W.scpnsi n un| ot herw.se, not.ed, ~ T A
i R B e e
arcR@8d gNAlkdrdiy dppHedtiopt.| Blechaiitiges thidddt hiadeidconnection with the
2,4,6-trianilino-p-(carbo-2'-ethyl hexyl-1'"-oxy)-1, 3, 5-
prasentanygnEoR srdake ayqrigtyaefaihppgsiaad genfigypptiqns. Fhe suiclgsmary be

SO@A?ETO[“%%%SF fen, Germany. Charge Additive-2
, a4 -1[%6- “I'[(1, 1-di et hyl et hyl ) am no] car bonyl ] pheny

[0040pm rEibrolis dstlieststit@e fr-ude fAr Wisyihy@itioRcBObOBO @BA Cariety of
acid bis(2-ethyl hexyl) ester, comrercially avail able
techBiquesy, gHEBtaid piageees, Wk lithpip cessesa hydioamsgnglement, spun-

ool Rlob X At el BB TP ASAr  Venh VepieaSingrine
Thernupepat ebaas, 8dsous RdN. Cnkhel Bpdasi ia KepoitiNg) 4364 of the
bel ow. Charge Additive-4 )
NapgINresgprcl Fakqratoges, pyblished M A5, 1954 ogtitled Manwacmraofgiuper
. : ) a r C
Fu{)ée%% ﬁg?’g %"yi\@la& % @@ﬁ% ck REAre it b arhOENRS) Be REGED Btm,
makle Msincotnbinatdaddalcke lecBniyuty arkizdonthi@atbnSof suchfibes.

prepared as described in the Synthesis Section bel ow.
Mlg%{i)e@ep%awlgqlw@egblown microfibers, are particularly suitable for use in fibrous

weﬁg{%i é[r_@'u[sédlas]ﬁl"tgerg’.' ASLERATRHY 18UVt 2 08k Sncand FibAR) that

hawh afl ¢ffecBy@dianGter of hlsove R hydiednigpeot ldsn il fdcniva fiperldifmeter can

hexanedi y1[ (2, 2, 6, 6-t etranet hyl-4-pi peri di nyl)im no
be eglapiated iugnn[rs&qwgm TYBI0ST hg in: %ﬂ%m%%hg wa%fl%wfeﬁ lﬁgao]r%e Dust

an%ggilct%cl%\/sté_ qﬁﬁ%ﬁ%@({b{%@%{ ﬁm_ci grBtr(-l %‘fﬁy f?ﬂ_ﬁft%g applications,

thehyidrafiyephtg pighll o hogei aareffelfivr Glpdranahgtelr @desdehan 20 micrometers,
commercially available as "1 RGANOX MD 1024" from C ba
mogw@ﬁ%ﬁwbe% ahoyt | hra@pmetsy; th@frﬁ Hﬁé.e %feﬁh&gréﬂate% fiffs may

e
S B e B RS PR B B P g
4,1i74]157 s Wes filnamiut. eN oioworesmow ebls ltyat avainhddob yetha préde RGARMSpresent
. P-EPQ" from Ci ba.Specialty Chenical s, Basel

VG RRY SHRIDIT G359 4 5meT | U5 00dPokbubd: bhet 823 2.4
andg‘g.g'. t};[:yﬁfc'aﬁy a nonwoven eéectret web Rge)?ared accordin% to the invention will

(2,4-di-tert-butyl phe y)-2,4,8, I0-t etraoxa- 3,
exlgbit di(patisphasqi grofts. thiruhil e anee gpimaHy grakdr yhand Yoatykethe same

s R AR R o A
[O(é%{)g’_ gl’ %?%@%Eﬁ%‘rﬁaﬁb@é&fﬂﬁmﬁﬁ :tﬂeor{lQr(ﬁiﬂéPsdt%Qﬁll Fove web loft,

6- bis(1, I-dinmethylethyl)-4-nethyl phenoxy] -
that GLTF(E]Iedl'l(EI its_ydeavi@i. | Rdxlueingsy ¢hALIK S iIBT AR lbWZEﬂie PERsB6 drdir @mmoss the
We%lfllglgg g&:g?l]ﬂ? @)lé g%gggsgythroggﬁ)ﬁlre 1 taeg.d 8weRl|r ]S/rgsrs’ure rops are
parlichiBrl{ Aedtrable ih%rel;s'oﬁklt%%ﬂlaﬁd?‘? ) REQDRNE B CRIRIGHE) tndke the
avai | abl e as "I'RGAFOS 168" trom C ba Specialty
res@ireni v@lsqonBageble tGwictiz Vhemide pBisaurg drodidilowerelegPenergy is

P or ous .aci d, : .
e T oA (OUE Bl | A TR I OB RERY R ARy sy prossure
maSR L E€Fhat AMRESEA tHaB¥@litRRk8atAS prdSisdiideh 88 wdat @R draw
Specialty Chem cals, Basel, Switzerland. Char ge
Addi tive-13 Dioctadecyl 3,3 -thiodipropionate
conmercial ly available as "FRGANOX PS 802 " from G ba
Specialty Chem cals, Basel, Switzerland. Charge
Addi ti ve-14 Benzenepropanoi ¢ acid,
3, 5-bis(1,1-di et hyl et hyl )-4- hydroxy-, 2, 2-
bi s((3-(3,5-bis(1,1-dinmethylethyl)-4-hydroxyphenyl)-1-

o o o o o - o



PP-2 Pol ypropyl ene resin grade 2, TOTAL PP3860,
comercially avail able from Total Petrochem cals USA

WO p@o/148dazist on, TX. P1-3 Pol ypropyl ene resin gremESRIN/040426
TOTAL PP3941W commercially available from Tota
Petrochem cals USA Inc., Houston, TX. P1-4
Pol ypropyl ene resin grade 4, ESCORENE PP 3746G

air dleyateh Bcllioy —athuisidapt eotthaverioexsidras Bk to bezathyofiligredpir. Lower

I d It
ongrbd Felfinglye o BELEICRERE a0 al PRI ptyoe coses
assobiaredeath feng@aithe Mndindnel cxtbhd theBrvice life of a battery in a battery
Pol y(4- et hyl -1 -pentene) resin, TPX DX-820,

pOW@rﬁﬁém@rﬁl ﬂlg/a sxpagal apnwoyondthranst felgr, hgicciapsabaup 0 weight

per-E&}ftys? CI 1 5arae g@%egg %r?%ﬁc@ﬁ% tn§ ({%8 tl%%saﬁ)ﬁlé 70 weight percent.

OfMlmhetrﬁﬁzlﬁﬁderMﬂtheﬁﬁIEr@te|nh16ro(ﬁﬂb€1fsl Exempis yivkbs thaPAtain staple
8007-F04, commercially avail able from TOPAS Advanced
fi r«féww@ﬁ@loseﬁrlw& dratent &drl Ay to HewsF.ge Additive-1

(I 95 A ST TR 86 Al o BLELBE A Ml o,

incAdting sorBen? phaogs, Adaliytic yerp8ses, ardhakge. BRI ina'te‘nES BaharYe
Addi tive-10 00 H37C10).)LO C18H37. 1-il
Sekuses oLy exanmpe, deseatbgie vatitys tyres of sctiviepapipylaty thetway be

suibATPA &fve particulate that has sorptive properties — such as activated carbon or
alumina — may be included in the web to remove organic vapors during filtration
operations. The active particulate may be present in the web at amounts up to about 95
volume percent. Examples of particle-loaded nonwoven webs are described, for example,
in U.S. Patents 3,971,373 to Braun, 4,100,324 to Anderson, and 4,429,001 to Kolpin et al.
[0052] Polymers that may be suitable for use in producing electret articles include
thermoplastic organic nonconductive polymers. These polymers are generally capable of
retaining a high quantity of trapped charge and are capable of being processed into fibers,
such as through a melt-blowing apparatus or a spun-bonding apparatus. The term
"organic" means that the backbone of the polymer comprises carbon atoms. Preferred
polymers include polyolefins, such as polypropylene, poly-4-methyl-1-pentene, blends or
copolymers containing one or more of these polymers, and combinations of these
polymers. Other polymers may include polyethylene, other polyolefins,
perfluoropolymers, polyvinylchlorides, polystyrenes, polycarbonates, polyethylene
terephthalate, other polyesters, such as polylactide, and combinations of these polymers
and optionally other nonconductive polymers may be used as polymeric fiber-forming
material or for producing other electret articles.

[0053] The polymeric articles used to produce electret articles in connection with the
present invention also may be extruded or otherwise formed to have multiple polymer
components — see U.S. Patent 4,729,371 to Krueger and Dyrud and U.S. Patents
4,795,668, and 4,547,420 to Krueger and Meyer. The different polymer components may

be arranged concentrically or longitudinally along the length of the fiber to create, for
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Synt hesi s Exanple 1: Preparation of Charge Additive 3

[ 00103] Under a nitrogen atnosphere, a m xture of
wa2doetisgzaecanol (96.3 granms, 449 m|linol es (nNPOI/PS2009/040426

pyridine (40 mlliliters), and dichloronethane (1000

mlliliters) was heated to 30 C. 4-Nitrobenzoyl

chl oride (100 granms, 539 nmol) was added in portions
exgple. abigouepenenhiibert dhgdibesdnayrprarraged folrmiax maceospepgcally

«Q_nhef | ux for si e 0 : e '

oS " R i Bt B Rl P I BER e same
gem¥rall dohipbsitisn.. The organic | ayer was concentrated under

reduced pressure to a yellow solid. One thousand
[0054b00) Fikems made fons pely mieg snaécriagss ]l spomexi cordaa oflies suitable

L.xt ur t ed. | UX ' Ur e

oI TR L Py BT Rl oGRR s o

oliférhérs wlich Th@py@lds @woBgdrhéls \BoiRaihee [4st ohle Inii tZ&En tatdrl ¢h addition
fromethanol to obtain 77.0 granms of tetradec

: I
to thop th BRZBSI B Zas spe - D 2.80%497, ée?ﬂé@]o&%%%%é,
. o .
S0 S0 R AT Ruh Rt
chgpeddy jcbSo Mt is @hdnaistupi™ ade Lat(polygdQ 1)1 3,3, ibirdrestaybuty])
a Parr vesse The ve | aced, under hydrogen

. ve l .. ssel was C ler
amﬂ}oés@stuﬁ@n?'@é"%%’ﬂ[[(23.2,§>@1T@931P§1}1Y£61P19§ﬂ>@{>’3élﬁll}?& pxamethylene

i chl : . . i i
(o7 PRS0 ey AR U AR LS e, .
Tht atditia¢semavabe Nasnbdetittitcdaatnamdaatic eckipechdpy @sisaul @1t ©i-8nino

tan solid. The solid was recrystallized fromethano
subshtusgst eampporgdythahareoer exmlgetyhe ormpian bher £ dasekiogd below:

light tan needles. [00105] Under a nitrogen

at nosphere,(14 mi xture of tetradecyl 4-arhobenzoate

(45.6 granms, 137 mmol) and cyanuric_chloride (8.40

grans, 45.6 mol) in xylene (460 niNIliliters) was

heated to reflux for twenty-four houy [

m xture was cool ed to 90C and washed

aqueous sodi um bi carbonate (2x500 m ters

foll owed by water (3x500 mlliliters). A whit
precipitate formed as the xylene cool ed_over niNght e
whi t e i pitBte was isol ated by fiItHatidﬁ‘an

washed w exgess xylene. The solid was N

recryst aif| Yuice from 34: 66 SH R
di chl or omet hane: méthanol (750 millil and once

fromxylepne N300 mlliliters) to prowgse 27.6 grans of
2,4,6-trT§%ﬁJiﬁb(p-carbo-tetradecﬂioxy)-l,3,5-triazine
as a white solid. [00106] Conpositional Analysis:
whierd Atisattfdalb@raréReldGeNodRtitutedby #de 1003 nitbolden Joafd; n Wan
"N, 7.81. Found: %C - 73.44. %H, 9 37; %l\fdglr 62.
integenioh &40 30.BrdeptteR 2ndepergsatinmagrbeaf sramaihgehandelistthansabout 20

01071 . Under itrqooens,atnosphere, a.m xture,of . )
ot RSB v R 33 IRl Rt by aroeen
hale Bém bt afBl D 1863HE hydBxpralkyl havixy b2 &PBbn atoms, for example

mlliliters) was heated to reflux for twenty-four

meiilrashyLTprepyle bty | 6% hilegen sibsiyted adiyddsuch ag gdluptemethyl; alkoxy

washed,wi t h sat urat ed agqueous sodium bicarbonat e
a8 2B LA EF T RL R 5 RUli D2 32 BHBbFatoms such
mdﬁidx:)rbdrbél%ﬂﬁgubstﬁut&ﬁiahﬁneﬁ&rtﬁﬁi cBhiadt Btdf T0 §@bbrogoinb suckydsene

cool ed overnight. The white precipitate was isol ated

melyy 14ming and @?Oaﬁaanga%@éivw thit raget dlaase kgrmavs. arahes feyd) beow in
' ' 90: : ) )
e BRI RE 1o AR el e AR S e AL P progigd i

milliliters) to provide 45 grans of

N, N ,N'-tris(4-octadecy|phenyl)-1,3,5-
triazine-2,4,6-trianine as allwhite solid. [00108]
Conpositional Analysis: Calculated for C7/5HL26N6: % C,
81.02; %H, 11.42; %N, 7.56. Found: % C, 81.05; % H,
11.38; %N, 7.60. Synthesis Exanple 3: Preparation of
Charge Additive 5 [00109] Under a nitrogen atnosphere,

o S P o
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U.S. Patent Application Serial No. 61/058,029, entitled Charge-Enhancing Additives For
Electrets filed on the same day as this patent application (attorney case number
64263US002) and U.S. Patent Application Serial No. 61/058,041, entitled Electret Webs
With Charging-Enhancing Additives (attorney case number 64170US002). Typically, the
additives are present in the polymeric article at about 0.1 to 5% by weight, more typically
at about 0.25 to 2% by weight.

[0055] Other additives include light stabilizers, primary and secondary antioxidants,
metal deactivators, hindered amines, hindered phenols, fatty acid metal salts, triester
phosphites, phosphoric acid salts, fluorine-containing compounds, melamines, and the
additives mentioned in U.S. Provisional Patent Application Serial No. 60/992745, U.S.
Publication No. 2007/0180997 to Leir et al., U.S. Patent 5,057,710 to Nishiura et al.,
Japanese Publication No. 2002212439, Japanese Publication No. 2005131485.

[0056] Fibers that contain additives can be quenched after shaping a heated molten
blend of the polymer and additive — followed by annealing and charging steps — to
create an electret article. Enhanced filtration performance may be imparted to the article
by making the electret in this manner — see U.S. Patent 6,068,799 to Rousseau et al. The
electret articles also can be made to have a low level of extractable hydrocarbon (<3.0
weight %) to improve loading performance — see U.S. Patent 6,776,951 to Rousseau et
al.

[0057] The polymeric material that is used to produce an electret article according to
the method of the invention may have a volume resistivity of 10'* ohm-cm or greater at
room temperature. The volume resistivity may also be about 10'® ohm-cm or greater.
Resistivity of the polymeric fiber-forming material can be measured according to
standardized test ASTM D 257-93. The polymeric fiber-forming material used to make
electret articles such as the melt blown fibers also should be substantially free from
components such as antistatic agents, which agents could increase the electrical
conductivity or otherwise interfere with the ability of the electret article to accept and hold
electrostatic charges.

[0058] Electrets that comprise nonwoven polymeric fibrous webs for respiratory filters
typically have a "basis weight" of about 2 to 500 grams per square meter (g/m?), more
typically about 20 to 150 g/m”. The basis weight is the mass per unit area of filter web.

The thickness of such nonwoven polymeric fibrous web is typically about 0.25 to 20
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millimeters (mm), more preferably about 0.5 to 2 mm. 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 in the article. The inventive article can contain a
generally uniform charge distribution throughout a charged nonwoven fibrous web,
without substantial regard to basis weight, thickness, or solidity.

[0059] The inventive electret articles may be used as filters in filtering masks that are
adapted to cover at least the nose and mouth of a wearer.

[0060] FIG. 1 illustrates an example of a filtering face mask 10 that may be constructed
to contain an electrically-charged nonwoven web that is produced according to the present
invention. The generally cup-shaped body portion 12 may be molded into a shape that fits
over the nose and mouth of the wearer. The body portion 12 is porous so that inhaled air
can pass through it. The electret filter medium is disposed in the mask body 12 (typically
over substantially the whole surface area) to remove contaminants from the inhaled air. A
conformable nose clip 13 may be placed on the mask body to assist in maintaining a snug
fit over the wearer's nose. The nose clip can be an "M-shaped" clip as described in U.S.
Patents Des. 412,573 and 5,558,089 to Castiglione. A strap or harness system 14 may be
provided to support the mask body 12 on the wearer's face. Although a dual strap system is
illustrated in FIG. 1, the harness 14 may employ only one strap 16, and it may come in a
variety of other configurations — see, for example, U.S. Patent 4,827,924 to Japuntich et
al., 5,237,986 to Seppalla et al., 5,464,010 to Byram, 6,095,143 to Dyrud et al., and
6,332,465 to Xue et al. An exhalation valve can be mounted to the mask body to rapidly
purge exhaled air from the mask interior — see U.S. Patents 5,325,892, 5,509,436,
6,843,248, 6,854,463, 7,117,868, and 7,311,104 to Japuntich et al.; U.S. Patent RE37,974
to Bowers; and 7,013,895, 7,028,689, and 7,188,622 to Martin et al.

[0061] FIG. 2 illustrates an example of a cross-section of a mask body 12. Mask body
12 may have a plurality of layers, as indicated by numerals 18, 20, and 22. The electret
filter media may be supported by other layers, such as shaping layers that are made from
thermally bonded fibers, such as bicomponent fibers that have an outer thermoplastic
component that enables the fibers to bond to other fibers at points of fiber intersection.
Layer 18 can be an outer shaping layer, layer 20 may be a filtration layer, and layer 22 may

be an inner shaping layer. Shaping layers 18 and 22 support filtration layer 20 and provide
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shaélloe to mask body 12. Although the term "shaping layers" is used in this description,
shaping layers also have other functions, which in the case of an outermost layer may even
be a primary function, such as protection of the filtration layer and prefiltration of a
gaseous stream. Also, although the term "layer" is used, one layer may in fact comprise
several sublayers, assembled to obtain desired thickness or weight. In some embodiments
only one, generally inner, shaping layer is included in a face mask, but shaping may be
accomplished more durably and conveniently if two shaping layers are used, for example,
one on each side of the filtration layer as shown in FIG. 2. Shaping layer examples are
described in the following patents: U.S. Patent 4,536,440 to Berg, 4,807,619 to Dyrud et
al., 5,307,796 to Kronzer et al., 5,374,458 to Burgio, and 4,850,347 to Skov. Although the
illustrated mask body shown in FIGs. 1 and 2 has a generally round, cup-shaped
configuration, the mask body may have other shapes — see for example U.S. Patent
4,883,547 to Japuntich. Further, the mask body may comprise an inner and/or outer cover
web to provide a smooth and comfortable contact with the wearer's face and/or to preclude
fibers from the shaping and filtration layers from coming loose from the mask body — see
U.S. Patent 6,041,782 to Angadjivand et al. The respiratory mask also may have a flat-
folded mask body (rather than a molded mask body) — see, for example, U.S. Patent
6,394,090 to Chen and 6,484,722 to Bostock et al.

[0062] FIG. 3 illustrates another respirator 24 that may use the inventive electret
articles as a filter. Respirator 24 includes an elastomeric mask body 26 that has a filter
cartridge 28 secured to it. Mask body 26 typically includes an elastomeric face piece 30
that conformably fits over the nose and mouth of a person. The filter cartridge 28 may
contain the electret filter media made according to the present invention to capture
contaminants before they are inhaled by the wearer. The filter element may include the
polymeric electret filter article by itself or in conjunction with a gaseous filter such as an
activated carbon bed. A porous cover or screen 32 may be provided on the filter cartridge
to protect the external surface of the filter element. Examples of other filter cartridges
where the inventive electret filter media may be used are disclosed, for example, in a filter
cartridge for a respirator, such as the filter cartridge disclosed in U.S. Patent No. Re.
35,062 to Brostrom et al. or in U.S. Patent 5,062,421 to Burns and Reischel. As shown in
these patents, multiple filter cartridges may be used. The cartridges also may be removable

and replaceable. In addition, the inventive filter media may be used in the filter cartridges
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of powered air purifying respirators (PAPRs). Examples of PAPRs are shown in U.S.
Patents 6,666,209 to Bennett et al. and 6,575,165 to Cook et al. Further, the inventive filter
media can be used in filter cartridges for escape hoods — see U.S. Patent D480,476 to
Martinson et al., and 6,302,103, 6,371,116, 6,701,925 to Resnick.

[0063] FIG. 4 shows a perspective view of a filtration media array 40. The structure of
array 40 may comprise multiple flow channels 42 that have inlets 43 on a first side 44 of
the array 40 and have outlets 46 on a second side of the array 48. The flow channels may
be defined by a corrugated or microstructured layer S0 and a cap layer 52. The contoured
layer 50 may be joined to the cap layer 52 at one or more peaks or valleys. By stacking
multiple layers of structured and planar members, a microchanneled arrangement may be
achieved. The flow channels tend to have a high aspect ratio, and the film layers are
preferably electrically charged to provide the article 40 with good capture efficiency. The
pressure drop across the array 40 from first side 44 to second side 48 is negligible.

[0064] Non-fibrous electret articles that are used for filtration purposes thus may take
the form of a shaped film, a microstructured surface, or a multitude of microstructured
channels. Examples of non-fibrous electret articles are disclosed in U.S. Patent 6,752,889
to Insley et al., 6,280,824 to Insley et al., 4,016,375 to Van Turnout, and 2,204,705 to
Rutherford.

[0065] The electret charge can be imparted to the polymeric articles using various
known (or later developed) apparatus. Documents that describe known hydrocharging
apparatus include U.S. Patents 5,496,507, 6119,691, 6,375,886, and 6,783,574 to
Angadjivand et al., U.S. Patent 6,406,657 to Eitzman et al., and U.S. Patent 6,743,464 to
Insley et al.

[0066] The article that is to be charged in connection with the present invention is
contacted with an aqueous liquid that has a pH and conductivity that vary depending on the
zeta potential of the article. The zeta potential of the article may be measured using the
Zeta Potential Test set forth below . The water conductivity and pH can be measured using
the Conductivity Measurement and pH Measurement also set forth below.

[0067] Hydrocharging methods deposit both positive and negative charge onto the
fibers such that the positive and negative charge is randomly dispersed throughout the

web. Random charge dispersal tends to produce an unpolarized web. Thus, a nonwoven

fibrous electret web produced by charging with a polar liquid like water may be
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substantially unpolarized in a plane normal to the plane of the web. Fibers that have been
charged in this manner ideally exhibit the charge configuration shown in Figures 5C of
U.S. Patent 6,119,691 to Angadjivand et al. If the fibrous web also is subjected to a
corona treatment operation, it would exhibit a charge configuration similar to the
configuration shown in Figure 5B of that patent. A web, formed from fibers charged
solely using hydrocharging, typically has unpolarized trapped charge throughout the
volume of the web. "Substantially unpolarized trapped charge" refers to a fibrous electret
web that exhibits less than 1 uC/m” of detectable discharge current using thermally-
simulated discharge current (TSDC) analysis, where the denominator is the electrode
surface area. This charge configuration can be shown by subjecting the web to TSDC.
One example of a useful hydrocharging process includes impinging jets of water or a
stream of water droplets onto the article at a pressure and for a period sufficient to impart
a filtration enhancing electret charge to the web, and then drying the article — see U.S.
Patent No. 5,496,507 to Angadjivand et al. The pressure necessary to optimize the
filtration enhancing electret charge imparted to the article will vary depending on the type
of sprayer used, the type of polymer from which the article is formed, the type and
concentration of additives to the polymer, and the thickness and density of the article.
Pressures in the range of about 10 to about 500 psi (69 to 3450 kPa) are suitable. The jets
of water or stream of water droplets can be provided by any suitable spray device. One
example of a useful spray device is the apparatus used for hydraulically entangling fibers.
[0068] Corona pretreatment or post-treatment also may be used in conjunction with
the hydrocharging apparatus described above — see U.S. Patents RE 30,782; 31,285 and
32,171 to van Turnhout, and U.S. Patents 4,375,718 and 5,401,446 to Wadsworth et al.,
U.S. Patent 4,588,537 to Klasse et al., and U.S. Patent 4,592,815 to Nakao. Electrets
formed by the methods described in this document are suitable for use as, e.g.,
electrostatic elements in electro-acoustic devices such as microphones, headphones and
speakers, fluid filters, dust particle control devices in, e.g., high voltage electrostatic
generators, electrostatic recorders, respirators (e.g., prefilters, canisters and replaceable
cartridges), heating, ventilation, air conditioning, and face masks.

[0069] Nonwoven microfiber webs useful in the present invention may be prepared
using an apparatus as shown in FIG. 5. Such an apparatus includes a die 60 that has an

extrusion chamber 61 through which liquefied fiber-forming material is advanced. Die
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orifices 62 may be arranged in line across the forward end of the die and through which
the fiber-forming material is extruded. A gas, typically heated air, may be forced at high
velocity through cooperating gas orifices 63. The high velocity gaseous stream draws out
and attenuates the extruded fiber-forming material, whereupon the fiber-forming material
solidifies as microfibers during travel to a collector 64 to form web 65.

[0070] When staple fibers are present in the web, they may be introduced through use
of a lickerin roll 66 disposed above the microfiber blowing apparatus as shown in FIG. 5.
A web 67 of staple fibers, typically a loose, nonwoven web such as prepared on a garnet
or RANDO-WEBBER apparatus, is propelled along table 68 under drive roll 69 where the
leading edge engages against the lickerin roll 66. The lickerin roll 66 picks off fibers from
the leading edge of web 67 separating the fibers from one another. The picked fibers are
conveyed in an air stream through an inclined trough or duct 70 and into the stream of
blown microfibers where they become mixed with the blown microfibers. When
particulate matter is to be introduced into the web it may be added using a loading
mechanism similar to duct 70.

[0071] Hydrocharging may be carried out by contacting the web with an aqueous
liquid sufficient to provide the web with filtration enhancing electret charge. The pH and
conductivity of the aqueous liquid are selected based on the zeta potential of the article.
The aqueous liquid contact may be achieved by spraying, soaking, condensing, etc., the
aqueous liquid on the polymeric article to be charged. If a sprayer is used, the pressure
necessary to achieve optimum results may vary depending on the type of sprayer used, the
type of polymer from which the article is formed, the thickness and density of the article,
and whether pretreatment such as corona discharge treatment was carried out before
hydrocharging. Generally, pressures in the range of about 10 to 500 psi (69 to 3450 kPa)
are suitable. The aqueous liquid is selected to have a conductivity of about 5 to 9,000
microS/cm, when the zeta potential of the article is -7.5 mV or less. When the zeta
potential is greater than -7.5 mV, then the contacting liquid has a conductivity of about 5
to 5,500 microS/cm. Under either situation, the conductivity typically would be about 7 to
3,000 microS/cm, and still more typically about 10 to 1,000 microS/cm. When the
conductivity is at lower values, there is greater relative process variability in maintaining a
target conductivity in a continuous process. Thus, for example, if the target conductivity

is 7 microS/cm, there may be variability of about plus or minus (+/-) 4 microS/cm. The
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sanlné ga?riability may be exhibited at higher conductivities (e.g. >100) but the percent
difference is less. Distilled or deionized water is preferable to tap water. The aqueous
liquid may be purified water, made through, for example, distillation, reverse osmosis, or
deionization rather than simply tap water. Purified water is preferred because non-pure
water can contain uncontrolled organic or inorganic impurities that can hinder effective
fiber charging. Water has a dipole moment of about 1.85 Debye and has a dielectric
constant of 78-80, and the aqueous liquid may have a dipole moment of at least 0.5 Debye.
The aqueous liquid will contain at least 40%, more typically 60%, and still more typically
80% water by volume. Preferably, the aqueous liquid will contain essentially 100% water
by volume. The aqueous charging liquid may be essentially pure water that contains a
small amount of other ingredients or additives. Conductivity, the inverse of electrical
resistance, may be measured using a conductivity meter and is described in
microSiemens/centimeter.
[0072] The liquid jets or liquid droplet streams can be provided by essentially any
suitable spray means. The apparatus useful for hydraulically entangling fibers are
generally useful in the method of the present invention, although operation is carried out at
lower pressures in hydrocharging than generally used in hydroentangling.
[0073] FIG. 6 shows an example of a suitable spray means where a fibrous web 65 is
transported on support means 72 below fluid jets 74. The transport means may be in the
form of a belt, preferably porous, such as a mesh screen or fabric. The fluid jets 74
emanate from a jet head 76 to impinge on web 65 at impingement points 78'. A vacuum
may be provided beneath a porous support to aid in passage of the aqueous liquid through
the web and to reduce drying energy requirements.
[0074] Other examples of spray means suitable for use in the method of the present
invention include nebulizers where the aqueous liquid, provided through fluid line, and
pressurized air, provided through air line, are supplied to a nozzle to provide a spray mist
to impact the article-to-be-charged and pump action sprayers where a pump handle forces
liquid provided by the supply means through the nozzle to provide a spray mist. Further
description of this method of providing water contact is provided in U.S. Patent 6,119,691
to Angadjivand et al. Alternatively, the article to be charged can be contacted with

aqueous liquid using a variety of other apparatus, including the apparatus described in
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6,406,657 to Eitzman et al., 6,375,886 to Angadjivand et al., 6,454,986 to Eitzman et al.,
and 6,824,718 to Eitzman et al.

EXAMPLES
[0075] These examples are merely for illustrative purposes only and are not meant to
be limiting on the scope of the appended claims. All parts, percentages, 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.

Conductivity Measurement

[0076] The conductivity of each hydrocharging fluid used for each Example or
Comparative Example was measured at room temperature using an ORION 3-Star
Conductivity Meter (Thermo Fisher Scientific, Inc., Waltham, MA). Other conductivity

measuring instruments may provide equivalent results.

pH Measurement

[0077] The pH of each hydrocharging fluid used for each Example or Comparative
Example was measured at room temperature using an automatic temperature compensated
ORION 3-Star pH Meter with a Triode pH/ATC Combination Electrode (both from
Thermo Fisher Scientific, Inc., Waltham, MA); (other pH meters may provide equivalent
results). As described in the literature (ASTM D 5464 — 07 Standard Test Method for pH
Measurement of Water of Low Conductivity; ASTM D 5128-90(2005) Standard Test
Method for On-Line pH Measurement of Water of Low Conductivity; "Back to Basics-
Measuring pH in High Purity Water", W.F. Harfst, Ultrapure Water, Oct. 1994, p 75.)
measurement of the pH of very high purity water can be challenging due to its low
conductivity and resulting weak electrical signal in addition to its susceptibility to
contamination from the environment, especially from CO,. As suggested in ASTM D
5464-07, measurements of pH on solutions with conductivities below 2 microS/cm are
particularly challenging. In practice, low conductivity pH measurements (< 100
microS/cm) should be taken on-line just before contacting the article-to-be-charged as
recommended in ASTM D5128-90(2005) to prevent environmental contamination.

Continuous pH measurements are preferred for continuous charging processes.
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would mean that we used the B3LYP exchange-correlation functional (Stephens, P. J.;
Devlin, F. J.; Chabalowski, C. F.; Frisch, M. J., 98 J. Phys. Chem. 11623 (1994) and the
MIDI! one-electron basis set (Easton, R. E.; Giesen, D. J.; Welch, A.; Cramer, C. J.;
Truhlar, D. G. 93 Theor. Chem. Acc. 1432 (1996) ). The computational requirements of a

calculation are largely determined by the size of the one-electron basis set, where a larger
basis set is often more accurate but may be prohibitively expensive. One of the challenges
in computational chemistry is to determine what level of theory, i.e. exchange-correlation
functional and basis set, produces acceptable results within a reasonable amount of time.
[0079] A number of properties may be computed using the DFT methods. The
properties that we calculated are the electronic energy, molecular geometry, and
vibrational modes. The molecular geometry was calculated by minimizing the electronic
energy of the system with respect to the nuclear coordinates. The vibrational frequencies
were calculated by first minimizing the geometry and calculating the second derivatives

with respect to the nuclear coordinates. The vibrational calculations were important for
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[00126] Conparative Exanple 3a, & Exanples 3a, 3b: For
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[00172] Conparative Exanples 49a, 49b, & Exanple 49:
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Charge Additive-14, by using Chargi ng Method-1
(hydrocharging only) with 50 PPM Na2CO3 (pH 10.5) the
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17 S L 1'01 17.17 r8 17.0-1 r17 L6 LOT 0" S r8

17.0-1 r17 Z L S OT Charging Fluid Conductivity
(mcroSlemy | 'Q0 S177 SO Cl '8T r 17 1717'Q

N-Methyl-Aniline 219.1 | 2173 3648+2.1 | 366.6
2-Methyl-Benzenamine 214.1 216.2 366.8 £2.1 368.8
3-Methyl-Pyridine 2255 227.2 3779+3.1 377.7
4-Methyl-Pyridine 226.4 228.4 369.8£5.1 371.8
N-Methyl-Methanamine 2222 2232 395.1+£2.0 394.2
Piperidine 228.0 230.1
Phenol 195.3 197.3 350.0+2.0 | 348.0
Pyridine 222.0 2228 391.0+£2.5 392.1
p-Toluidine 2143 214.7 367.3+2.1 369.6
Triazine 202.9 201.2
Trimethylamine 226.8 226.8
N,N,4-Trimethyl benzamide| 221.6 2259
Water 165.0 165.5 390.3 391.9
Mean Unsigned Error 1.8 1.7
Zcta Potential Test

[0091] To measure the Zeta Potential an EKA ELECTRO KINETIC ANALYZER,
commercially available from Anton Paar GmbH, Graz, Austria was used in these
Examples. Other instruments, using the protocol set forth below, should provide
comparable measurements. The electrical potential difference at zero electric current
caused by the flow of liquid under a pressure gradient may be measured as the liquid flows
through a capillary, plug, diaphragm, or membrane. The difference may be measured
between the ends of the capillary, across the plug, or on opposing sides of the diaphragm
or membrane. When an electrolyte solution is forced though a porous plug of material, a
streaming potential develops due to the motion of ions in the diffusion layer, and it can be
measured by an Electro Kinetic Analyzer (EKA). The streaming potential may then be
used to calculate the zeta potential as described below. A general review of electrokinetic
measurement techniques is found in Pure Appl. Chem., Vol. 77, No. 10, pp. 1753-1805,
2005. Measurement And Interpretation Of Electrokinetic Phenomena (IUPAC Technical
Report).

[0092] The EKA instrument includes an analyzer, a 20 mm diameter Cylindrical
Sample Cell, Ag/AgCl reversible electrodes, and a data control system. The analyzer
includes a pump to produce the pressure required to pass an electrolyte solution, generally

potassium chloride, from a reservoir, through the measuring cell containing a sample of
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the filter medium described herein. Sensors for measuring temperature, pressure drop,

conductivity and pH are disposed externally of the cell. The electrolyte solution is
pumped through the porous material. As the electrolyte solution passes through the
sample, a displacement of charge occurs. The resulting streaming potential and/or
streaming current can be detected by means of the electrodes, placed at each end of the
sample. The zeta potential of the sample is then determined by a calculation according to
the method of Fairbrother and Mastin (F. Fairbrother, H. Mastin, Studies in electro-
endosmosis, 125 J. CHEM. SOC. 2319-30 (1924)) that takes into account the conductivity
of the electrolyte. The EKA system was remotely controlled by a data acquisition
computer running Visiolab Control And Evaluation Software version 1.0. for the EKA also
available from Anton Paar GmbH. The Visiolab software included values for temperature
corrected dynamic viscosity and permittivity. The EKA was connected to a Remote
Titration Unit (RTU) for automatic titration by computer control. Deionized (DI) water
was used for each test and was generated onsite using a MILLI-Q PLUS Model
ZD4011584-4 Four Cartridge water purification system, from Millipore Corporation,
Billerica, MA, using an Organex-Q cartridge, which removes organic contaminants.
[0093] The general procedures from the EKA's Operations Manual, Instruction
Handbook and the VISIOLAB's Instruction Manual were followed. Specifically, each
web sample to be tested was folded into a 10 layer stack that was then cut into a 13/16
inch (20.6 millimeter) diameter circular disc, typically weighing about 0.2 grams. Samples
were handled with tweezers to minimize contamination. Each sample was placed into the
EKA sample cell, and the 2 parallel electrodes were adjusted to be about 3 millimeters
(mm) apart, being careful not to over tighten the adjusting screws. This results in sample
bulk density of about 20% that of the density of pure polypropylene, which allows one to
use the Fairbrother and Mastin analysis technique.

[0094] The sample cell was then attached onto the EKA unit, and its electrical
contacts and plumbing connections were connected. About 400 +/-20 mulliliters (ml) of
fresh deionized (DI) water was added to the reservoir beaker, which was gently stirred
using a stir-bar throughout the test to ensure thorough mixing. The EKA's pump was set
to "bypass" mode to draw water into the EKA plumbing while its inlet tube and probe
assembly were lowered into the reservoir beaker to keep the beaker cover from contacting

the water in the beaker. After filling the EKA's pump and associated plumbing, water was
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pumped through the sample cell in alternate directions to flush trapped air from within the
sample cell from the system. Because there was no method to inert the system, other than
covering the solution reservoir (e.g. no nitrogen flush), some incorporation of carbon
dioxide from the air may occur over time. Thus, the minimum amount of flushing through
the fresh sample was done to get the bulk of the air out, and each test was initiated as
quickly as reasonable to minimize the potential for any increase in conductivity and
decrease in pH due to the conversion of any dissolved carbon dioxide into carbonic acid.
[0095] This following are the test parameters entered into the VISIOLAB program:
Sample Settings:
Measurement Type: Automatic Titration
Evaluation Method: Fairbrother-Mastin
Electrolyte: KCI (aqueous)
Molecular Weight: 18.02g/mol
Start Concentration: 0.001 Moles/liter (mol/L)
Start Volume: 400ml
Viscosity: H,0
Dielectric Constant: H,0
Pressure Program:
Max. Pressure: 500 millibar (mbar)
Time: 60s
Measure: Voltage
Number of Repetitions: 2
Rinse Program:
Max. Pressure: 400 mbar
Time Bypass: 10 seconds (s)
Time Cell: 15 s
Number of Repetitions: 1
Automatic Titration Program:
Titration Type: Conductivity
Used Syringe: RTU1 Left (KCl(aqueous), 1.0 mol/L
Desired Conductivity Difference: 50 microS/cm

Start Volume: 0.25 mL
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Use Conductivity Limits
Conductivity Minimum: 1 microS/cm
Conductivity Maximum: 3000 microS/cm

The programmed test procedure has an automatic flush cycle to further remove air from
the system. A conductivity titration was preformed, using the Automatic Titration
Program and a 1 mol/L KCI solution. Thus, pH was not adjusted during the test, however
the measured pH ranged from 4-6 during a typical test. The typical sample run was made
with a minimum step of 50 microS/cm and a first shot of 0.25 mL of 1 molar KCI solution.
[0096] Before each test was initiated, the conductivity of the starting solution in the
cell was measured to ensure that it was less than 10 microS/cm to ensure that the
deionized water was indeed pure. If the conductivity was found to be greater than 10
microS/cm, the test was aborted. Once the system parameters were properly programmed
and checked, the experiment was started. A full experiment typically required 6 — 7 hours
to complete.
[0097] After each test was completed, the sample cell was flushed repeatedly before
removing it from the EKA with DI water to flush out the high conductivity electrolyte
remaining in the system from the completed test until the conductivity was found to be
below 20 microS/cm. The sample cell and circulating circuit was drained to reduce carry-
over to the next sample. The sample cell, electrodes, and sample were removed, being
careful not to scratch the Ag/AgCl electrodes. Finally, the cell was again flushed well
with DI water before the fresh sample was inserted.
[0098] Zecta Potential Evaluation: The EKA system calculates the zeta potential of the
sample from direct measurement of the streaming potential and the specific electrical
conductivity of the applied electrolyte using the Fairbrother-Mastin approach.

- au n

=— x10°*
dp ¢€-¢,

Where:
€ [mV] is the zeta potential;
dU/dp [mV/mbar] is the slope of the streaming potential versus pressure;
1n[mPa-s] is the electrolyte viscosity;

€ [As/Vm] is the dielectric constant of the electrolyte; and
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€0 [As/Vm] is the permittivity of free space.

[0099] We adopt the convention that the sign of the zeta potential for each fibrous web
sample is that of the value reported by the EKA instrument. During a typical conductivity
scan, the zeta potential tends initially either to rise or fall and then reach a plateau value as
the magnitude of the electrolyte solution's conductivity rises to above about 500
microS/cm. The average value of this zeta potential plateau level between the
conductivities of 1000 microS/cm and 2000 microS/cm was taken as the zeta potential
measurement value for each sample tested. To verify accurate results, the procedure may

be repeated.

Quality Factor (QF) Test

[00100] The meltblown microfiber samples were each 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 acrosol and a MKS pressure
transducer that measured pressure drop (AP (mm of H,0)) across the filter. Other filter
testing instruments may provide comparable measurements using the protocol set forth
below. The DOP aerosol is nominally a monodisperse 0.3 micrometer mass median
diameter having an upstream concentration of 70 - 110 mg/m’. The acrosol was forced
through a sample of filter media at a calibrated flow rate of 42.5 liters/minute (face
velocity of 6.9 cm/s) with the acrosol ionizer turned off. The total testing time was 23
seconds (rise time of 15 seconds, sample time of 4 seconds, and purge time of 4 seconds).
The concentration of DOP aerosol was measured by light scattering both upstream and
downstream of the filter media using calibrated photometers. The DOP % Pen is defined
as: % Pen = 100x(DOP concentration downstream/DOP concentration upstream). For
cach material, 6 separate measurements were made at different locations on the blown
microfiber (BMF) web and the results were averaged.
[00101] The % Pen and AP were used to calculate a QF by the following formula:

QF =- In(% Pen/100)/ AP,
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where In stands for the natural logarithm. A higher QF value indicates better filtration

performance, and decreased QF values effectively correlate with decreased filtration
performance.

[00102] The following examples are merely for illustrative purposes only and are not
meant to be limiting on the scope of the appended claims. All parts, percentages, 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.

Table 2
Material Abbreviations
Abbreviation
or Trade Description
Designation
Charge 2,4,6-trianilino-p-(carbo-2'-ethylhexyl-1'-oxy)-1,3,5-triazine
.. commercially available as "UVINUL T-150" from BASF,
Additive-1 .
Ludwigshafen, Germany.
4.4'-[[6-[[4-[[(1,1-dimethylethyl)amino]carbonyl |phenyl]amino]-1,3,5-
Charge triazine-2,4-diyl]diimino]bis-benzoic acid bis(2-cthylhexyl) ester,
Additive-2 commercially available as "UVASORB HEB" from 3V, Bergamo,
Italy.
Charge 2,4,6-trianilino(p-carbo-tetradecyl-oxy)-1,3,5-triazine prepared as
Additive-3 described in the Synthesis Section below.
Charge N,N',N"-tris(4-octadecylphenyl)-1,3,5-triazine-2,4,6-triamine prepared
Additive-4 as described in the Synthesis Section below.
Charge N,N',N"-trioctadecyl-1,3,5-triazine-2,4,6-triamine prepared as
Additive-5 described in the Synthesis Section below.
Poly[[6-[(1,1,3,3-tetramethylbutyl)amino]-1,3,5-triazine-2,4-
Charge diyl] [(2,2,6,6-tetrarnethyl-4 -piperidinyl)imino]-1,6-
Additive-6 hexanediyl[(2,2,6,6-tetramethyl-4-piperidinyl)imino]]) commercially
available as "CHIMASSORB 944" from Ciba Specialty Chemicals,
Basel, Switzerland.
2',3-bis[[3-[3,5-di-tert-butyl-4-
Charge hydroxyphenyl]propionyl]]propionohydrazide commercially available
Additive-7 as "IRGANOX MD1024" from Ciba Specialty Chemicals, Basel,
Switzerland.
Charge Tetrakis(2,4-di-tert-butylphenyl)[1,1-biphenyl]-4,4'-diylbisphosphonite
.. commercially available as "IRGAFOS P-EPQ" from Ciba Specialty
Additive-8 . }
Chemicals, Basel, Switzerland.
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Charge 3,9-bis(2,4-di-tert-butylphenoxy)-2,4,8,10-tetraoxa-3,9-

Ad diti\%e-9 diphosphaspiro[5.5Jundecane commercially available as "IRGAFOS
126" from Ciba Specialty Chemicals, Basel, Switzerland.
2,4,8,10-Tetraoxa-3,9-diphosphaspiro[5.5]Jundecane, 3,9-bis[2,6-

Charge bis(1,1-dimethylethyl)-4-methylphenoxy]- commercially available as

Additive-10

"ADK STABILIZER PEP-36" from Amfine Chemical Company,
Upper Saddle River, NJ.

Charge
Additive-11

Tris-(2,4-di-tert-butylphenyl)phosphite commercially available as
"IRGAFOS 168" from Ciba Specialty Chemicals, Basel, Switzerland.

Charge
Additive-12

Phosphorous acid, bis[2,4-bis(1,1-dimethylethyl)-6-methylphenyl]ethyl
ester commercially available as "IRGAFOS 38" from Ciba Specialty
Chemicals, Basel, Switzerland.

Charge
Additive-13

Dioctadecyl 3,3'-thiodipropionate commercially available as
"IRGANOX PS 802 " from Ciba Specialty Chemicals, Basel,
Switzerland.

Charge
Additive-14

Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4- hydroxy-, 2,2-
bis((3-(3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl)-1-
oxopropoxy)methyl)-1,3-propanediyl ester commercially available as
"IRGANOX 1010" from Ciba Specialty Chemicals, Basel, Switzerland.

Charge
Additive-15

1,3,5-tris(4-n-dodecylanilio)benzene prepared as described in the
Synthesis Section below.

Polypropylene resin grade 1, TOTAL PP3960, commercially available

PP-1 from Total Petrochemicals USA Inc., Houston, TX.

PP.2 Polypropylene resin gl‘rade 2, TOTAL PP3860, commercially available
from Total Petrochemicals USA Inc., Houston, TX.

PP-3 Polypropylene resin grade 3, TQTAL PP3941W, commercially
available from Total Petrochemicals USA Inc., Houston, TX.

PP-4 Polypropylene resin grade {l, ESCORENE PP'3746G, commercially
available from Exxon-Mobil Corporation, Irving, TX.

PE Polyethylene (linear low d@nsity) resin, DOWLEX 2503, commercially

available from Dow Chemical Company, Midland, MI.

PMP Poly(4-methyl-l-p§ntene) resin, TPX DX-820, commercially available
from Mitsui Chemicals, Inc., Tokyo, Japan.

PLA Polylact@de resin, 6251D, commercially available from NatureWorks
LLC, Minnetonka, MN.

CcoC Cyclic olefin copolymer, TOPAS 8007-F04, commercially available

from TOPAS Advanced Polymers, Frankfurt, Germany.
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Svnthesis Examples

Synthesis Example 1: Preparation of Charge Additive 3

[00103] Under a nitrogen atmosphere, a mixture of 1-tetradecanol (96.3 grams, 449
millimoles (mmol), pyridine (40 milliliters), and dichloromethane (1000 milliliters) was
heated to 30 °C. 4-Nitrobenzoyl chloride (100 grams, 539 mmol) was added in portions
over a twenty minute period. The reaction mixture was heated to reflux for sixteen hours.
The reaction mixture was then washed twice with water (2x500 milliliters). The organic
layer was concentrated under reduced pressure to a yellow solid. One thousand (1000)
milliliters of hexane was added, and the mixture was heated to reflux. The mixture was
cooled and concentrated to yield a yellow solid that was filtered. The yellow solid was
recrystallized twice from ethanol to obtain 77.0 grams of tetradecyl 4-nitrobenzoate as
yellow crystals.

[00104] Under a nitrogen purge, 10% platinum on carbon (2.5 grams) was added to a
mixture of tetradecyl 4-nitrobenzoate (25 grams, 69 mmol) and ethyl acetate (250
milliliters) in a Parr vessel. The vessel was placed under hydrogen pressure (49 psi,
3.3x10° Pa) for sixteen hours. Dichloromethane was added and the reaction mixture was
filtered through a layer of CELITE filter aid. The filtrate was concentrated under reduced
pressure to a tan solid. The solid was recrystallized from ethanol to obtain 15 grams of
tetradecyl 4-aminobenzoate as light tan needles.

[00105] Under a nitrogen atmosphere, a mixture of tetradecyl 4-aminobenzoate (45.6

grams, 137 mmol) and cyanuric chloride (8.40 grams, 45.6 mmol) in xylene (460
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milliliters) was heated to reflux for twenty-four hours. The reaction mixture was cooled to

90°C and washed with saturated aqueous sodium bicarbonate (2x500 milliliters), followed
by water (3x500 milliliters). A white precipitate formed as the xylene cooled overnight.
The white precipitate was isolated by filtration and washed with excess xylene. The solid
was recrystallized twice from 34:66 dichloromethane:methanol (750 milliliters) and once
from xylene (300 milliliters) to provide 27.6 grams of 2,4,6-trianilino(p-carbo-tetradecyl-
oxy)-1,3,5-triazine as a white solid.

[00106] Compositional Analysis: Calculated for CssH10:NsOs: % C, 73.70; % H, 9.56;
%N, 7.81. Found: % C, 73.44; % H, 9.37; % N, 7.62.

Synthesis Example 2: Preparation of Charge Additive 4

[00107] Under a nitrogen atmosphere, a mixture of 4-octadecylanaline (50 grams, 145
mmol) and cyanuric chloride (8.9 grams, 48 mmol) in xylene (500 milliliters) was heated
to reflux for twenty-four hours. The reaction mixture was cooled to 90°C and washed with
saturated aqueous sodium bicarbonate (2x500 milliliters) followed by water (2x500
milliliters). A white precipitate formed as the xylene cooled overnight. The white
precipitate was isolated by filtration and washed with excess xylene. The solid was
recrystallized twice from 90:10 chloroform: methanol (500 milliliters) and once from
xylene (500 milliliters) to provide 45 grams of N,N',N"-tris(4-octadecylphenyl)-1,3,5-
triazine-2,4,6-triamine as a white solid.

[00108] Compositional Analysis: Calculated for C7sHi26Ns: % C, 81.02; % H, 11.42;
% N, 7.56. Found: % C, 81.05; % H, 11.38; % N, 7.60.

Synthesis Example 3: Preparation of Charge Additive S

[00109] Under a nitrogen atmosphere, a mixture of octadecylamine (389 grams, 1.44
mol), di(propylene glycol) dimethyl ether (1.50 liters), sodium acetate (134 grams, 1.63
mol), and cyanuric chloride (88.4 grams, 0.479 mol) was stirred for thirty minutes and
then heated to 85 °C for two hours. The reaction mixture was heated to 155°C at which
temperature acetic acid was allowed to reflux out of the reaction mixture. The reaction
mixture was heated to 170 °C for sixteen hours. 2-Propanol (1.60 liters) was added to the
reaction mixture when it had cooled to 80 °C. The precipitate was filtered at room
temperature and washed with excess 2-propanol. The solid was stirred in refluxing water

(2.00 liters) for two hours, filtered, and washed with excess water. The solid was stirred
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in refluxing 2-propanol (2.00 liters), filtered, and washed with excess 2-propanol to yield

377 grams of N,N',N"-trioctadecyl-1,3,5-triazine-2,4,6-triamine as a white solid.

Synthesis Example 4: Preparation of Charge Additive 15

[00110] To a 250 mL, three-necked round-bottomed flask fitted with magnetic stirring
bar were charged phloroglucinol dehydrate (6.63g, 97%), 4-dodecylaniline (36.40g, 97%)
and iodine (0.13g, 99%) followed by the addition of toluene (30 mL). 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 (at which the mixture was in viscous liquid form), it was slowly poured into
200 mL of ethanol to give precipitates. The precipitates were obtained as pink solids
through filtration. Re-crystallization twice from ethanol (150 mL for each) afforded
charge additive 1 (31.0g, 87.8 %) as light pink powders after being dried at 50 °C under
vacuum (27 mmHg) overnight.

[00111] Compositional Analysis: Calculated: C, 84.15; H, 10.95; N, 4.91; Found: C,
84.28; H, 10.86, N, 4.85).

Examples 1 - 110 and Comparative Examples C 1 - C 60
[00112] For each of the Examples and Comparative Examples, the procedures

described below were followed.

Sample Preparation

Step A - Preparation of Melt-Blown Microfiber Webs:

[00113] For each Example and Comparative Example, a blown microfiber (BMF)
nonwoven web was extruded using one of the polymeric resins listed in the Table of
Abbreviations above, or a combination thereof, and in some cases containing one of the
charging additives listed in the aforementioned table, or a combination thereof. Extrusion
was performed generally as described in Van A. Wente, Superfine Thermoplastic Fibers,
48 INDUST. ENGN. CHEM., 1342-46 and Naval Research Laboratory Report 111437 (Apr.
15, 1954) via one of the two extrusion methods detailed below. Table 3 summarizes the
specific web characteristics and concentration(s) of charging additives for each of the

Examples and Comparative Examples.
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[00114] Extrusion Method 1: Using an extruder operating at a temperature of about

240 °C — 330 °C connected to a meltblowing die having 10 holes per centimeter (25 holes
per inch) and 0.38 mm (0.015 in) diameter holes, BMF webs were formed having basis
weights of about 45-70 g/m2, effective fiber diameters of about 6.5 — 15 micrometers,
solidities of about 4 — 10%, and thicknesses of about 0.6 — 2.5 millimeters. Charging

additives were fed directly into the extruder with the resin, either as dry powder or as 20-

35 wt% concentrates.

[00115] Extrusion Method 2: Using the general method described in Example 1 of
(WO/2008/016782) Monocomponent Monolayer Meltblown Web And Meltblowing

Apparatus, BMF webs were formed that had a bimodal fiber size distribution and basis

weights of about 50-150 g/m2, effective fiber diameters of about 12 — 16 micrometers,

solidities of about 5 — 8%, and thicknesses of about 0.6 — 2.5 millimeters. Charging
additives were fed directly into the extruder with the resin either as dry powder form or as

20-35 wt% concentrates.
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Step B - Electret Preparation:

[00116] Samples of each BMF web prepared in Step A above were charged by one of
three electret charging methods: hydrocharging, corona pre-treatment and hydrocharging,
or plasma fluorination pre-treatment and hydrocharging. Table 5 summarizes the specific

charging method applied to each of the samples.

Charging Method 1 — Hydrocharging:

[00117] Hydrocharging Fluid Preparation: Starting with water that was purified by

reverse osmosis and deionization, the compounds listed in Table 4 were used to make
various aqueous hydrocharging fluids with the quoted concentrations in parts per million
by weight (PPM) listed for each Example and Comparative Example in Table 5. The
following procedure describes the preparation of three Na,COs aqueous solutions (50
PPM, 100 PPM 1000 PPM) in deionized (DI) water. Other solutions were made using the
same procedure.

a) 1000 PPM Na,COs; Solution: Using an analytical balance, 3.6 g of Na,COs
was dissolved in 3596.4 g of DI water to make a 0.1 weight % solution (1000 PPM).

b) 100 PPM Na,COs; Solution: Using an analytical balance, 360 g of the 1000
PPM Na,COj; solution was dissolved in 3240 g of DI water to make a 0.01 weight %
solution (100PPM).

c) 50 PPM Na,COs3 Solution: Using an analytical balance, 1800 g of the 100
PPM Na,COj solution was dissolved in 1800 g of DI water to make a 0.005 weight %
solution (50 PPM).
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Table 4
Compounds added to the Aqueous Hydrocharging Liquid
Chemical Name Formula Manufacturer
) ) EMD Chemicals Inc.,
Acetic Acid CH;COOH Gibbstown, NJ
VWR International,
Acctone CH,COCH, West Chester, PA
) ) EMD Chemicals Inc.,
Ammonium Chloride NH,4Cl Gibbstown, NJ
Ammonium Hydroxide .
S EMD Chemical Inc
- 0, s
(28-30 % ammonia in NH;OH Gibbstown, NJ
water)
) Alfa Aesar Company
hl
Copper chloride CuCl, Ward Hill, MA
Dodecylbenzene sodium VWR International,
sulfonate CrsHooNa0s5 West Chester, PA
VWR International,
Ethanol CH:CH0H West Chester, PA
Hydrochloric Acid (36.5 — HCl EMD Chemicals Inc.,
38 % in water) Gibbstown, NJ
) EMD Chemicals Inc.,
Potassium Carbonate K,COs Gibbstown, NJ
) ) EMD Chemicals Inc.,
Potassium Hydroxide KOH Gibbstown, NJ
Thermo Fisher
Sodium Acectate CH;COONa Scientific, Waltham,
MA
) ) EMD Chemicals Inc.,
Sodium Bicarbonate NaHCO; Gibbstown, NJ
Sodium Carbonate Na,COs Sigma-Aldrich
Sodium Chloride NaCl Sigma-Aldrich
) ) EMD Chemicals Inc.,
Sodium Hydroxide NaOH Gibbstown, NJ

89 LL

'L S8 q S*8 | 1,
1, 06 0. E1 S*9 LL E*8 S*8 87T 89
W@0ZAE4903 171,9 9'LL 1 9.0 OZ 1 0001 0018 22008CT/BSM09/040426
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[00118] The conductivity and pH of each hydrocharging liquid used for each Example

or Comparative Example were measured as described above and the results are listed in

Table 5 below.
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Hydrocharging Procedure:

[00119] The BMF webs were hydrocharged using the desired charging liquid according
to the technique taught in U. S. Patent No. 5,496,507 (Angadjivand et al.). A fine spray of
the hydrocharging liquid was continuously generated from a nozzle that was connected to
one stainless storage tank pressurized to 655 kiloPascals (95 psig) and a flow rate of
approximately 1.4 liters/minute. The selected BMF webs prepared in Step A were
conveyed by a porous belt through the water spray at a speed of approximately 10
centimeters/second while a vacuum simultaneously drew the hydrocharging liquid through
the web from below. Each BMF web was run through the hydrocharger twice
(sequentially once on each side) and then allowed to air dry completely overnight before

filter testing.

Charging Method 2 — Corona Pre-treatment and Hydrocharging:

[00120] The selected BMF webs prepared in Step A above were pre-treated by a DC
corona discharge. The corona pre-treatment was accomplished by passing the BMF web
on a grounded surface under a corona brush source with a corona current of about 0.01
milliamp per centimeter of discharge source length at a rate of about 3 centimeters per
second. The corona source was about 3.5 centimeters above the grounded surface on
which the web was carried. The corona source was driven by a positive DC voltage.
Following the corona treatment, the BMF web was charged by hydrocharging using the
desired charging liquid as described in Charging Method 1.

Charging Method 3 — Plasma Fluorination Pre-Treatment and Hydrocharging:

[00121] The selected BMF webs prepared in Step A above were pre-treated by plasma
fluorination using the procedure described in "General Web Making, Plasma Treatment,
and Electret Charging Procedures" in U.S. Patent 7,244,292 to Kirk et al., entitled Electret
Article Having Heteroatoms And Low Fluorosaturation Ratio using perfluoropropane
(C5Fs) gas available from 3M Company, St. Paul, MN. Following the plasma pre-
treatment, the BMF web was charged by hydrocharging using the desired charging liquid
as described above in Charging Method 1.
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Zeta Potential and QF

[00122] For representative BMF samples prepared in Step A, zeta potentials were
measured using the method described above. The average of the zeta potential measured
during the conductivity scan from between 1000 to 2000 microS/cm was determined and
is reported in Table 5, and for several cases this value was an average of multiple tests
performed on the same BMF sample material.

[00123] Each of the charged samples prepared in Step B above was cut into two 1
meter sections. One section was tested in its initial state for % DOP acrosol penetration
(% Pen) and pressure drop, and the quality factor (QF) was calculated as described in the
Test Methods given above. For some samples, the second section was used to measure the

zeta potential. These results are reported in Table 5 below as % Pen, Pressure Drop, and

QF.

Examples 1 — 60 and Comparative Examples C 1 - C 60:

[00124] Comparative Examples 1a, 1b, & Example 1: For a BMF web made of
polypropylene (BMF-1) containing no charging additive, the zeta potential was measured
to be -9.3 mV. By using Charging Method-1 (hydrocharging only) with 50 PPM of
Na,CO; (pH 10.6) the quality factor of Ex. 1 (0.33) was greater than that of Comp. Ex. 1a
(0.27) charged with DI water (pH 7.5) alone or Comp. Ex. 1b (0.24) charged with 50 PPM
of CH;COOH (pH 4.2).

[00125] Comparative Examples 2a, 2b, & Example 2: For a BMF web made of
polypropylene (BMF-2) containing no charging additive, the zeta potential after a corona
pre-treatment was measured to be -10.8 mV. By using Charging Method-2 (corona pre-
treatment then hydrocharging) with 50 PPM of Na,COs (pH 10.6) the quality factor of Ex.
2 (1.04) was greater than that of Comp. Ex. 2a (0.78) charged with DI water (pH 8.1)
alone or Comp. Ex. 2b (0.65) charged with 50 PPM of CH3COOH (pH 4.3).

[00126] Comparative Example 3a, & Examples 3a, 3b: For a BMF web made of
polypropylene (BMF-6) containing 1 wt% of Charge Additive-1, the zeta potential was
measured to be -10.2 mV. By using Charging Method-1 (hydrocharging only) the quality
factors of Ex. 3a (1.02) charged with water alone (pH 7.5) and Ex. 3b (1.41) charged with
50 PPM of Na,CO; (pH 10.1) were greater than that of Comp. Ex. 3 (0.30) charged with
50 PPM of CH3;COOH (pH 4.4).
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[00127] Comparative Examples 4a, 4b, & Example 4: For a BMF web made of
polypropylene (BMF-6) containing 1 wt% of Charge Additive-1, the zeta potential after a
corona pre-treatment was measured to be -10.8 mV. By using Charging Method-2 (corona
pre-treatment then hydrocharging) with 50 PPM of Na,CO; (pH 10.4) the quality factor of
Ex. 4 (1.59) was greater than that of Comp. Ex. 4a (1.24) charged with DI water (pH 8.1)
alone or Comp. Ex. 4b (0.47) charged with 50 PPM of CH3;COOH (pH 4.2).

[00128] Comparative Examples 5a, Sb, & Example 5: For a BMF web made of
polypropylene (BMF-6) containing 1 wt% of Charge Additive-1, the zeta potential was
measured to be -10.2 mV. By using Charging Method-1 (hydrocharging only) with a
solution containing an organic solvent (10 wt % acetone in DI water), with 50 PPM of
Na,CO; (pH 10.7) the quality factor of Ex. 5 (1.41) was greater than that of Comp. Ex. 5a
(1.15) charged with the 10 wt% acetone in DI water (pH 9.7) alone or Comp. Ex. 5b (0.20)
charged with 50 PPM of CH3;COOH (pH 5.0).

[00129] Comparative Examples 6a, 6b, & Example 6: For a BMF web made of
polypropylene (BMF-10) containing 1 wt% of Charge Additive-2, the zeta potential after a
corona pre-treatment was measured to be -10.7 mV. By using Charging Method-2 (corona
pre-treatment then hydrocharging) with 50 PPM of Na,CO; (pH 10.4) the quality factor of
Ex. 6 (1.61) was greater than that of Comp. Ex. 6a (1.28) charged with DI water (pH 8.2)
alone or Comp. Ex. 6b (0.46) charged with 50 PPM of CH3;COOH (pH 4.2).

[00130] Comparative Example 7a, 7b & Examples 7a, 7b, 7¢: For a BMF web made
of polypropylene (BMF-10) containing 1 wt% of Charge Additive-2, the zeta potential
was measured to be -10.9 mV. By using Charging Method-1 (hydrocharging only) with
50 PPM of Na,COs (pH 10.5, conductivity 139 microS/cm) the quality factor of Ex. 7a
(1.62) was greater than that of Comp. Ex. 7 (1.06) charged with DI water (pH 7.2) alone.
By adding increasing amounts of the neutral salt NaCl to the basic 50 PPM Na,COs
hydrocharging solution of Ex. 7a, the pH is very slightly decreased, but the conductivity
increases significantly, and the QFs of Ex. 7b (50 PPM Na,COs, 50 PPM NaCl, pH 10.3,
conductivity 230.4 microS/cm, QF 1.45), Ex. 7¢ (50 PPM Na,COs, 500 PPM NaCl, pH
10.3, conductivity 1150 microS/cm, QF 1.25), and Comp. Ex. 7b (50 PPM Na,COs, 5000
PPM NaCl, pH 10.3, conductivity 9340 microS/cm, QF 0.75) decrease in comparison to
Ex 7a.
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[00131] Comparative Examples 8a, 8b, & Example 8: for a BMF web made of

polypropylene (BMF-14) containing 1 wt% of Charge Additive-7, the zeta potential after a
corona pre-treatment was measured to be -8.4 mV. By using Charging Method-2 (corona
pre-treatment then hydrocharging) with 50 PPM of Na,CO; (pH 10.4) the quality factor of
Ex. 8 (1.75) was greater than that of Comp. Ex. 8a (1.15) charged with DI water (pH 8.2)
alone or Comp. Ex. 8b (0.70) charged with 50 PPM of CH3;COOH (pH 4.2).

[00132] Comparative Examples 9a, 9b, 9¢ & Examples 9a, 9b, 9¢c: For a BMF web
made of polypropylene (BMF-14) containing 1 wt% of Charge Additive-7, the zeta
potential was measured to be -11.8 mV. By using Charging Method-1 (hydrocharging
only) with 50 PPM of Na,COs (pH 10.4, conductivity 136.4 microS/cm) the quality factor
of Ex. 9a (1.85) was greater than that of Comp. Ex. 9a (1.14) charged with DI water (pH
8.2) alone or Comp. Ex. 9¢ (0.48) charged with 50 PPM of CH;COOH (pH 4.2). By
adding increasing amounts of the neutral salt NaCl to the basic 50 PPM Na,CO3
hydrocharging solution of Ex. 9a, the pH is very slightly decreased, but the conductivity
increases significantly, and the QFs of Ex. 9b (50 PPM Na,COs, 50 PPM NaCl, pH 10.3,
conductivity 230.4 microS/cm, QF 1.53), Ex. 9¢ (50 PPM Na,COs, 500 PPM NaCl, pH
10.3, conductivity 1150 microS/cm, QF 1.33), and Comp. Ex. 9¢ (50 PPM Na,COs3, 5000
PPM NaCl, pH 10.3, conductivity 9340 microS/cm, QF 0.90) decrease in comparison to
Ex. 9a.

[00133] Comparative Examples 10a, 10b, & Example 10: For a BMF web made of
polypropylene (BMF-15) containing 1 wt% of Charge Additive-8, the zeta potential was
measured to be -10.4 mV. By using Charging Method-1 (hydrocharging only) with 50
PPM of Na,COs; (pH 10.5) the quality factor of Ex. 10 (1.46) was greater than that of
Comp. Ex. 10a (1.08) charged with DI water (pH 7.2) alone or Comp. Ex. 10b (0.66)
charged with 50 PPM of CH;COOH (pH 4.1).

[00134] Comparative Examples 11a, 11b, & Example 11: For a BMF web made of
polypropylene (BMF-16) containing 1 wt% of Charge Additive-8, the zeta potential after a
corona pre-treatment was measured to be -9.6 mV. By using Charging Method-2 (corona
pre-treatment then hydrocharging) with 50 PPM of Na,CO; (pH 10.5) the quality factor of
Ex. 11 (2.05) was greater than that of Comp. Ex. 11a (1.63) charged with DI water (pH
8.1) alone or Comp. Ex. 10b (1.72) charged with 50 PPM of CH3COOH (pH 4.3).
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[00135] Comparative Examples 12a, 12b, & Examples 12a, 12b: For a BMF web

made of polypropylene (BMF-17) containing no charging additive, the zeta potential after
a plasma fluorination pre-treatment was measured to be -24.1 mV. By using Charging
Method-3 (plasma fluorination pre-treatment then hydrocharging) both Ex. 12a (QF 2.35)
with 50 PPM of Na,CO; (pH 10.4) and Ex. 12b (QF 2.38) with 50 PPM of NH,OH (pH
10.6) had quality factors greater than Comp. Ex. 12a (2.18) charged with DI water (pH
8.2) alone or Comp. Ex. 12b (1.96) charged with 50 PPM of CH;COOH (pH 4.2).

[00136] Comparative Examples 13a, 13b, & Example 13: For a BMF web made of
polypropylene (BMF-19) containing 0.75 wt% of Charge Additive-6, the zeta potential
was measured to be 3.8 mV. By using Charging Method-1 (hydrocharging only) with 50
PPM of CH3;COOH (pH 4.2) the quality factor of Ex. 13 (2.40) was greater than that of
Comp. Ex. 13a (2.35) charged with DI water (pH 8.2) alone or Comp. Ex. 13b (1.21)
charged with 50 PPM of Na,COs (pH 10.4).

[00137] Comparative Examples 14a, 14b, & Example 14: For a BMF web made of
polypropylene (BMF-18) containing 0.5 wt% of Charge Additive-6, the zeta potential
after a corona pre-treatment was measured to be 0.5 mV. By using Charging Method-2
(corona pre-treatment then hydrocharging) with 50 PPM of CH3;COOH (pH 4.2) the
quality factor of Ex. 14 (2.32) was greater than that of Comp. Ex. 14a (1.88) charged with
DI water (pH 8.2) alone or Comp. Ex. 14b (1.68) charged with 50 PPM of Na,CO; (pH
10.4).

[00138] Comparative Examples 15a, 15b, & Example 15: For a BMF web made of
polypropylene (BMF-20) containing 1 wt% of Charge Additive-5, the zeta potential was
measured to be -1.9 mV. By using Charging Method-1 (hydrocharging only) with 50
PPM of CH3;COOH (pH 4.4) the quality factor of Ex. 15 (2.85) was greater than that of
Comp. Ex. 15a (2.18) charged with DI water (pH 7.5) alone or Comp. Ex. 15b (1.55)
charged with 50 PPM of Na,COs (pH 10.1).

[00139] Comparative Examples 16a, 16b, & Example 16: For a BMF web made of
polypropylene (BMF-21) containing 0.5 wt% of Charge Additive-5, the zeta potential
after a corona pre-treatment was measured to be -3.3 mV. By using Charging Method-2
(corona pre-treatment then hydrocharging) with 50 PPM of CH3;COOH (pH 4.2) the
quality factor of Ex. 16 (2.34) was greater than that of Comp. Ex. 16a (1.59) charged with
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[00140] Comparative Examples 17a, 17b, & Example 17: For a BMF web made of

0

polypropylene (BMF-31) containing 0.5 wt% of Charge Additive-5, the zeta potential was
measured to be -6 mV. By using Charging Method-1 (hydrocharging only) with 50 PPM
of CH3COOH (pH 4.2) the quality factor of Ex. 17 (1.68) was greater than that of Comp.
Ex. 17a (0.5) charged with DI water (pH 8.2) alone or Comp. Ex. 17b (0.35) charged with
50 PPM of Na,COs; (pH 10.4).

[00141] Comparative Examples 18a, 18b, & Example 18: For a BMF web made of
polypropylene (BMF-35) containing 0.75 wt% of Charge Additive-15, the zeta potential
was measured to be -1.0 mV. By using Charging Method-1 (hydrocharging only) with 50
PPM of CH3;COOH (pH 4.2) the quality factor of Ex. 18 (2.64) was greater than that of
Comp. Ex. 18a (2.22) charged with DI water (pH 8.2) alone or Comp. Ex. 18b (1.42)
charged with 50 PPM of Na,COs (pH 10.4).

[00142] Comparative Examples 19a, 19b, & Example 19: For a BMF web made of
polypropylene (BMF-37) containing 0.75 wt% of Charge Additive-5 and 0.2 wt% of
Charge Additive-10, the zeta potential was measured to be 0.6 mV. By using Charging
Method-1 (hydrocharging only) with 50 PPM of CH3;COOH (pH 4.2) the quality factor of
Ex. 19 (3.04) was greater than that of Comp. Ex. 19a (2.35) charged with DI water (pH
8.2) alone or Comp. Ex. 19b (0.99) charged with 50 PPM of Na,CO; (pH 10.4).

[00143] Comparative Examples 20a, 20b, & Example 20: For a BMF web made of
polyethylene (BMF-47) containing 1 wt% of Charge Additive-5, the zeta potential was
measured to be 2.7 mV. By using Charging Method-1 (hydrocharging only) with 50 PPM
of CH;COOH (pH 4.3) the quality factor of Ex. 20 (1.70) was greater than that of Comp.
Ex. 20a (1.28) charged with DI water (pH 8.1) alone or Comp. Ex. 20b (0.92) charged
with 50 PPM of Na,CO; (pH 10.5).

[00144] Comparative Examples 21a, 21b, & Example 21: For a BMF web made of
poly(4-methyl-1-pentene) (BMF-48) containing no charge additive, the zeta potential was
measured to be -9.9 mV. By using Charging Method-1 (hydrocharging only) with 50
PPM of Na,CO; (pH 10.8) the quality factor of Ex. 21 (1.72) was greater than that of
Comp. Ex. 21a (0.41) charged with DI water (pH 5.9) alone or Comp. Ex. 21b (0.52)
charged with 50 PPM of CH3;COOH (pH 4.6).
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[00145] Comparative Example 22 & Examples 22a, 22b: For a BMF web made of
poly(4-methyl-1-pentene) (BMF-48) containing no charge additive, the zeta potential was
measured to be -9.9 mV. By using Charging Method-1 (hydrocharging only) the quality
factors of Ex. 22a (0.33) with 10 PPM of Na,CO; (pH 8.2) and of Ex. 22b (0.40) with 100
PPM of Na,CO; (pH 9.7) were both greater than that of Comp. Ex. 22 (0.19) charged with
DI water (pH 6.0) alone.

[00146] Comparative Examples 23a, 23b, & Example 23: For a BMF web made of
poly(4-methyl-1-pentene (BMF-49) containing 1 wt% of Charge Additive-1, the zeta
potential was measured to be -8.3 mV. By using Charging Method-1 (hydrocharging
only) with 50 PPM of Na,COs (pH 10.8) the quality factor of Ex. 23 (1.39) was greater
than that of Comp. Ex. 23a (0.41) charged with DI water (pH 5.9) alone or Comp. Ex. 23b
(0.33) charged with 50 PPM of CH3;COOH (pH 4.6).

[00147] Comparative Example 24 & Examples 24a, 24b: For a BMF web made of
poly(4-methyl-1-pentene) (BMF-49) containing 1 wt% of Charge Additive-1, the zeta
potential was measured to be -8.3 mV. By using Charging Method-1 (hydrocharging
only) the quality factors of Ex. 24a (0.72) with 10 PPM of Na,CO; (pH 8.2) and of Ex.
24b (0.91) with 100 PPM of Na,COs (pH 9.7) were both greater than that of Comp. Ex. 24
(0.54) charged with DI water (pH 6.0) alone.

[00148] Comparative Example 25 & Examples 25a, 25b: For a BMF web made of
poly(4-methyl-1-pentene (BMF-50) containing 1 wt% of Charge Additive-5, the zeta
potential was measured to be -4.8 mV. By using Charging Method-1 (hydrocharging
only) the quality factors when charging with DI water (pH 5.9) alone Ex. 25a (1.18) or
with 50 PPM of CH3;COOH (pH 4.6) Ex. 25 (1.78) were both greater than that of Comp.
Ex. 25 charged with 100 PPM of Na,CO; (pH 9.7).

[00149] Comparative Examples 26a, 26b & Examples 26a, 26b, 26¢: For a BMF
web made of polypropylene (BMF-3) containing no charging additive (substantially
equivalent to that used in Ex. 1), by using Charging Method-1 (hydrocharging only) with
50 PPM of K,COs (pH 7.7, conductivity 120 microS/cm) the quality factor of Ex. 26a
(0.73) was greater than that of Comp. Ex. 26a (0.45) charged with DI water (pH 6.5)
alone. With an increasing amount of K,COj in the hydrocharging solution for Ex. 26b
(500PPM, pH 10, conductivity 1000 microS/cm, QF 0.78), the QF increases. With further
increase in the amount of K,COs in the hydrocharging solution for Ex. 26¢ (5000 PPM,
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pH 11, conductivity 5000 microS/cm, QF 0.68) and Comp. Ex. 26b (15000 PPM, pH 11.8,
conductivity 22,000 microS/cm, QF 0.58) the pH and conductivity both increase, but the
QF tends to decrease with respect to Ex. 26a.

[00150] Comparative Examples 27a, 27b, 27¢ & Examples 27a, 27b, 27¢, 27d, 27e,
27f: This set of examples demonstrates that for a BMF web made of polypropylene
(BMF-3) containing no charging additive (substantially equivalent to that used in Ex. 1),
by using Charging Method-2 (corona pre-treatment and hydrocharging) with 50 PPM of
Na,CO; (pH 7.7, conductivity 123.6 microS/cm) the quality factor of Ex. 27a (1.51) was
greater than that of Comp. Ex. 27a (0.84) charged with DI water (pH 6.8) alone. Likewise,
for Ex. 27b (5§ PPM NH4OH, pH 7.1, conductivity 24 microS/cm, QF 1.29), Ex. 27¢ (50
PPM NH4OH, pH 8.5, conductivity 64 microS/cm, QF 1.26), Ex. 27d (50 PPM NaHCOs,
pH 8.5, conductivity 56.7 microS/cm, QF 1.22), Ex. 27¢ (50 PPM CH3COONa, pH 7.1,
conductivity 42 microS/cm, QF 1.09), Ex. 27f (50 PPM KOH, pH 8.3, conductivity 212
microS/cm, QF 1.34), the QFs are greater than that of Comp. Ex. 27a in addition to Comp.
Ex. 27b, (15000 PPM KOH, pH 13, conductivity 68,000 microS/cm, QF 1.07), and Comp.
Ex. 27¢ (500 PPM CuCl,, pH 4.7, conductivity 721 microS/cm, QF 0.55).

[00151] Comparative Examples 28a, 28b & Examples 28a, 28b: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-4) containing
no charging additive (substantially equivalent to that used in Ex. 1), by using Charging
Method-1 (hydrocharging only) with 10 PPM of NaOH (pH 7.1, conductivity 23.3
microS/cm) the quality factor of Ex. 28a (0.80) was greater than that of Comp. Ex. 28
(0.22) charged with DI water (pH 6.8) alone. With an increasing amount of NaOH in the
hydrocharging solution for Ex. 28b (100 PPM, pH 9, conductivity 325 microS/cm, QF
1.01), the QF increases. With further increase in the amount of NaOH in the
hydrocharging solution for Comp. Ex. 28b (5000 PPM, pH 13, conductivity 26,000
microS/cm, QF 0.71), the pH and conductivity both increase, but the QF tends to decrease
with respect to Ex. 28a.

[00152] Comparative Examples 29a, 29b & Examples 29a, 29b, 29¢: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-4) containing
no charging additive (substantially equivalent to that used in Ex. 1), by using Charging
Method-2 (corona pre-treatment and hydrocharging) with 50 PPM of K,CO; (pH 7.7,
conductivity 120 microS/cm) the quality factor of Ex. 29a (1.46) was greater than that of
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Comp. Ex. 29a (0.97) charged with DI water (pH 6.5) alone. Likewise, for Ex. 29b (50

PPM KOH, pH 8.3, conductivity 212 microS/cm, QF 1.19), Ex. 29¢ (50 PPM NaOH, pH
8.5, conductivity 246 microS/cm, QF 1.32) the QFs are greater than that of Comp. Ex. 29a
and Comp. Ex. 29b (5,000 PPM NaOH, pH 12.8, conductivity 27,400 microS/cm, QF
1.12),.

[00153] Comparative Examples 30a, 30b, 30c, 30d, 30e: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-3) containing no charging
additive (substantially equivalent to that used in Ex. 1), by using Charging Method-2
(corona pre-treatment and hydrocharging) with DI water (pH 6.8) the QF of Comp. Ex.
30a (1.66) was greater than that of Comp. Ex. 30b (10 PPM of NH4Cl, pH 6.8,
conductivity 28.2 microS/cm, QF 1.61), Comp. Ex. 30c (100 PPM of NH,Cl, pH 5.8,
conductivity 273 microS/cm, QF 1.39), Comp. Ex. 30d (1,000 PPM of NH4Cl, pH 5.5,
conductivity 2580 microS/cm, QF 1.28), and Comp. Ex. 30¢ (5,000 PPM of NH,Cl, pH
5.3, conductivity 11,800 microS/cm, QF 1.01).

[00154] Comparative Examples 31a, 31b & Examples 31a, 31b: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-5) containing
no charging additive (substantially equivalent to that used in Ex. 1), by using Charging
Method-1 (hydrocharging only) with 10 PPM of a surfactant dodecylbenzene sodium
sulfonate both Ex. 31a (10 PPM dodecylbenzene sodium sulfonate, pH 7.9, QF 0.32) and
Ex. 31b (10 PPM dodecylbenzene sodium sulfonate and 100 PPM of Na,COs, pH 10.2,
QF 0.53) had QFs greater than that of Comp. Ex. 31a (0.23) charged with DI water (pH
7.7) alone and of Comp. Ex. 31b (10 PPM dodecylbenzene sodium sulfonate and 100 PPM
HCI, pH 2.6, QF 0.16).

[00155] Comparative Examples 32a, 32b & Examples 32a, 32b: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-7) containing 1
wt% Charging Additive-1 (substantially equivalent to that used in Ex. 3), by using
Charging Method-1 (hydrocharging only) with 1 PPM of NaOH (pH 9.6, conductivity
5.19 microS/cm) the QF of Ex. 32a (1.19) was greater than that of Comp. Ex. 32a (0.93)
charged with DI water (pH 6.3) alone. With an increasing amount of NaOH in the
hydrocharging solution for Ex. 32b (10 PPM, pH 10.8, conductivity 61.7 microS/cm, QF
1.48), the QF increases. With further increase in the amount of NaOH in the
hydrocharging solution for Comp. Ex. 32b (5,000 PPM, pH 13, conductivity 26,000
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microS/cm, QF 0.88), the pH and conductivity both increase, but the QF tends to decrease

with respect to Ex. 32a.

[00156] Comparative Example 33 & Examples 33a, 33b: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-8) containing 0.5 wt%
Charging Additive-1, by using Charging Method-1 (hydrocharging only) with 20 PPM of
NaOH (pH 11) the QF of Ex. 33a (1.40) was greater than that of Comp. Ex. 33 (1.05)
charged with DI water (pH 7.5) alone. Hydrocharging the web (BMF-8) a second time
with the same 20 PPM NaOH solution (pH 11), further increases the QF of Ex 33b (1.62).
[00157] Comparative Examples 34a, 34b, 34c, 34d, 34e, 34f: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-7) containing 1 wt%
Charging Additive-1 (substantially equivalent to that used in Ex. 3), by using Charging
Method-1 (hydrocharging only) with DI water (pH 6.8) the QF of Comp. Ex. 34a (1.32)
was greater than that of Comp. Ex. 34b (1 PPM of NH4Cl, pH 6.8, conductivity 3.7
microS/cm, QF 1.30), Comp. Ex. 34c (10 PPM of NH4Cl, pH 6.8, conductivity 28.2
microS/cm, QF 1.25), Comp. Ex. 34d (100 PPM of NH4Cl, pH 5.8, conductivity 273
microS/cm, QF 1.12), Comp. Ex. 34¢ (1,000 PPM of NH4Cl, pH 5.5, conductivity 2,580
microS/cm, QF 0.85), and Comp. Ex. 34f (5,000 PPM of NH4Cl, pH 5.3, conductivity
11,800 microS/cm, QF 0.55).

[00158] Comparative Example 35 & Examples 35a, 35b, 35¢: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-9) containing 1 wt%
Charging Additive-1 (substantially equivalent to that used in Ex. 4), by using Charging
Method-2 (corona pre-treatment and hydrocharging) with 1 PPM of NaOH (pH 9.6,
conductivity 5.19 microS/cm) the QF of Ex. 35a (1.91) was greater than that of Comp. Ex.
35 (1.62) charged with DI water (pH 6.3) alone. With an increasing amount of NaOH in
the hydrocharging solution for Ex. 35b (10 PPM, pH 10.8, conductivity 61.7 microS/cm,
QF 1.85) and for Ex. 35¢ (1,000 PPM, pH 12.4, conductivity 5,820 microS/cm, QF 1.62),
the pH and conductivity both increase, but the QF tends to decrease with respect to Ex.
35a.

[00159] Comparative Examples 36a, 36b & Examples 36a, 36b: This sct of
examples demonstrates that for a BMF web made of polypropylene (BMF-11) containing
1 wt% Charging Additive-1 (similar to that used in Ex. 4), by using Charging Method-1
(hydrocharging only) with 1 PPM of NaOH (pH 9.6, conductivity 5.19 microS/cm) the QF
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of ]%)II 3%2 (1.10) was greater than that of Comp. Ex. 36a (0.77) charged with DI water (pH
6.3) alone. With an increasing amount of NaOH in the hydrocharging solution for Ex. 36b
(10 PPM, pH 10.8, conductivity 61.7 microS/cm, QF 1.38), the QF increases. With further
increase in the amount of NaOH in the hydrocharging solution for Comp. Ex. 36b (5,000
PPM, pH 13, conductivity 26,000 microS/cm, QF 0.85), the pH and conductivity both
increase, but the QF tends to decrease with respect to Ex. 36a.

[00160] Comparative Example 37 & Examples 37a, 37b, 37¢: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-12) containing 1 wt%
Charging Additive-2 (similar to that used in Ex. 6), by using Charging Method-2 (corona
pre-treatment and hydrocharging) with 1 PPM of NaOH (pH 9.6, conductivity 5.19
microS/cm) the QF of Ex. 37a (1.96) was greater than that of Comp. Ex. 37 (1.52) charged
with DI water (pH 6.3) alone. With an increasing amount of NaOH in the hydrocharging
solution for Ex. 37b (10 PPM, pH 10.8, conductivity 61.7 microS/cm, QF 1.99) the QF
increases. With further increase in the amount of NaOH in the hydrocharging solution for
Ex.37¢ (1,000 PPM, pH 12.4, conductivity 5,820 microS/cm, QF 1.61), the pH and
conductivity both increase, but the QF tends to decrease with respect to Ex. 37a but is still
greater than Comp. Ex. 37.

[00161] Comparative Examples 38a, 38b, & Example 38: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-13) containing 1 wt% of
Charge Additive-3, by using Charging Method-1 (hydrocharging only) with 50 PPM of
Na,CO; (pH 10.4) the quality factor of Ex. 38 (1.68) was greater than that of Comp. Ex.
38a (1.38) charged with DI water (pH 8.2) alone or Comp. Ex. 38b (0.58) charged with 50
PPM of CH;COOH (pH 4.2).

[00162] Comparative Examples 39a, 39b, & Example 39: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-22) containing 1 wt% of
Charge Additive-5 (substantially equivalent to that used in Ex. 15), by using Charging
Method-1 (hydrocharging only) with a solution containing an organic solvent (10 wt %
ethanol in DI water), with 50 PPM of CH3;COOH (pH 5.2) the QF of Ex. 39 (2.57) was
greater than that of Comp. Ex. 39a (1.75) charged with the 10 wt% ethanol in DI water
(pH 8.8) alone or Comp. Ex. 39b (1.34) charged with 50 PPM of Na,COj; (pH 10.3).
[00163] Comparative Example 40 & Examples 40a, 40b: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-23) containing 0.5 wt%
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Charging Additive-5, by using Charging Method-1 (hydrocharging only) with 20 PPM of
HCI (pH 3.4) the QF of Ex. 40a (2.23) was greater than that of Comp. Ex. 40 (1.85)
charged with DI water (pH 7.7) alone. Hydrocharging the web (BMF-23) a second time
with the same 20 PPM HCI solution (pH 3.4), further increases the QF of Ex 40b (2.31).
[00164] Comparative Example 41 & Examples 41a, 41b: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-24) containing 1 wt%
Charging Additive-5 (substantially equivalent to that used in Ex. 15), by using Charging
Method-1 (hydrocharging only) with 10 PPM of CH3COOH (pH 6, conductivity 21.6
microS/cm) the QF of Ex. 41a (2.76) was greater than that of Comp. Ex. 41 (2.59) charged
with DI water (pH 7.3) alone. With an increasing amount of CH3;COOH in the
hydrocharging solution for Ex. 41b (100 PPM, pH 4, conductivity 70.6 microS/cm, QF
2.87), the QF increases.

[00165] Comparative Examples 42a, 42b & Example 42: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-25) containing 1 wt%
Charging Additive-5 (substantially equivalent to that used in Ex. 15), by using Charging
Method-1 (hydrocharging only) with 100 PPM of CuCl; (pH 5.5, conductivity 146.5
microS/cm) the QF of Ex. 42 (2.24) was greater than that of Comp. Ex. 42a (2.13) charged
with DI water (pH 6.1) alone. With an increasing amount of CuCl; in the hydrocharging
solution for Comp. Ex. 42b (5000 PPM, pH 4.5, conductivity 5980 microS/cm, QF 1.88),
the QF decreases.

[00166] Comparative Examples 43a, 43b & Examples 43a, 43b, 43¢: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-26) containing
1 wt% of Charge Additive-5 (substantially equivalent to that used in Ex. 15), by using
Charging Method-1 (hydrocharging only) with 50 PPM of CH3;COOH (pH 4.6,
conductivity 45.3 microS/cm) the quality factor of Ex. 43a (2.34) was greater than that of
Comp. Ex. 43 (2.06) charged with DI water (pH 7.6) alone. By adding increasing amounts
of the neutral salt NaCl to the acidic 50 PPM CH3;COOH hydrocharging solution of Ex.
43a, the pH is slightly decreased, but the conductivity increases significantly, and the QFs
of Ex. 43b (50 PPM CH;COOH, 50 PPM NaCl, pH 4.4, conductivity 130.2 microS/cm,
QF 2.16), Ex. 43¢ (50 PPM CH;COOH, 500 PPM NaCl, pH 4.0, conductivity 280.6
microS/cm, QF 2.13), and Comp. Ex. 43b (CH3;COOH Na,CO3, 5000 PPM NacCl, pH 4.0,

conductivity 9230 microS/cm, QF 1.94) decrease in comparison to Ex. 43a.
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[00167] Comparative Examples 44a, 44b, & Example 44: This sct of examples
demonstrates that for a BMF web made of polypropylene (BMF-27) containing 1 wt% of
Charge Additive-4, by using Charging Method-1 (hydrocharging only) with 50 PPM
CH;COOH (pH 4.2) the quality factor of Ex. 44 (1.86) was greater than that of Comp. Ex.
44a (0.56) charged with DI water (pH 8.2) alone or Comp. Ex. 44b (0.85) charged with 50
PPM of Na,COs (pH 10.4).

[00168] Comparative Examples 45a, 45b, & Examples 45a, 45b, 45¢: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-28) containing
0.1 wt% of Charge Additive-9, by using Charging Method-1 (hydrocharging only) with
100 PPM CH3;COOH (pH 3.9) the quality factor of Ex. 45a (1.72) was greater than that of
Comp. Ex. 45a (0.79) charged with DI water (pH 7.2) alone or Comp. Ex. 45b (0.37)
charged with 100 PPM of Na,COs (pH 10.7). Further, for BMF-29 containing 0.5 wt% of
Charge Additive-9, hydrocharging with the same 100 PPM CH3;COOH solution (pH 3.9)
resulted in a higher QF (2.76) for Ex. 45b, and for BMF-30 also containing 0.5 wt% of
Charge Additive-9, hydrocharging with a 10 PPM HCI solution (pH 4.2) also resulted in a
higher QF (2.57) for Ex. 45¢ than Ex. 45a.

[00169] Comparative Examples 46a, 46b, & Example 46: This sct of examples
demonstrates that for a BMF web made of polypropylene (BMF-32) containing 0.5 wt%
of Charge Additive-11, by using Charging Method-1 (hydrocharging only) with 50 PPM
CH;COOH (pH 4.1) the quality factor of Ex. 46 (1.83) was greater than that of Comp. Ex.
46a (0.26) charged with DI water (pH 7.2) alone or Comp. Ex. 46b (0.45) charged with 50
PPM of Na,CO; (pH 10.5).

[00170] Comparative Examples 47a, 47b, & Example 47: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-33) containing 0.5 wt%
of Charge Additive-12, by using Charging Method-1 (hydrocharging only) with 50 PPM
CH;COOH (pH 4.1) the quality factor of Ex. 47 (1.40) was greater than that of Comp. Ex.
47a (0.24) charged with DI water (pH 7.2) alone or Comp. Ex. 47b (0.39) charged with 50
PPM of Na,CO; (pH 10.5).

[00171] Comparative Examples 48a, 48b, & Example 48: This sct of examples
demonstrates that for a BMF web made of polypropylene (BMF-34) containing 1 wt% of
Charge Additive-13, by using Charging Method-1 (hydrocharging only) with 50 PPM
CH;COOH (pH 4.1) the quality factor of Ex. 48 (1.68) was greater than that of Comp. Ex.
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48a (0.62) charged with DI water (pH 7.2) alone or Comp. Ex. 48b (0.65) charged with 50

PPM of Na,CO; (pH 10.5).

[00172] Comparative Examples 49a, 49b, & Example 49: This sct of examples
demonstrates that for a BMF web made of polypropylene (BMF-36) containing 1 wt% of
Charge Additive-14, by using Charging Method-1 (hydrocharging only) with 50 PPM
Na,CO; (pH 10.5) the quality factor of Ex. 49 (0.99) was greater than that of Comp. Ex.
49a (0.60) charged with DI water (pH 7.2) alone or Comp. Ex. 49b (0.49) charged with 50
PPM of CH;COOH (pH 4.1).

[00173] Comparative Examples 50a, 50b, & Example 50: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-38) containing 0.5 wt%
of Charge Additive-1 and 0.4 wt% of Charge Additive-7, by using Charging Method-1
(hydrocharging only) with 50 PPM Na,COs (pH 10.4) the quality factor of Ex. 50 (1.61)
was greater than that of Comp. Ex. 50a (1.02) charged with DI water (pH 7.7) alone or
Comp. Ex. 50b (0.34) charged with 50 PPM of CH;COOH (pH 4.2).

[00174] Comparative Examples 51a, 51b & Examples 51a, 51b: This set of
examples demonstrates that for a BMF web made of polypropylene (BMF-39) containing
0.5 wt% of Charge Additive-1 and 0.2 wt% of Charge Additive-8, by using Charging
Method-1 (hydrocharging only) with 50 PPM Na,CO; (pH 10.4, conductivity 131.8) the
quality factor of Ex. 51a (1.59) was greater than that of Comp. Ex. 51 (1.25) charged with
DI water (pH 7.7) alone. By adding increasing amounts of the neutral salt NaCl to the
basic 50 PPM Na,COs hydrocharging solution of Ex. 51a, the pH is very slightly
decreased, but the conductivity increases significantly, and the QFs of Ex. 51b (50 PPM
Na,COs, 50 PPM NaCl, pH 10.3, conductivity 230.4 microS/cm, QF 1.42) and Comp. Ex.
51b (50 PPM Na,COs;, 5000 PPM NaCl, pH 10.3, conductivity 9340 microS/cm, QF 0.77)
decrease in comparison to Ex. 51a.

[00175] Comparative Examples 52, 53, 54, 55, 56 & Examples 52, 53, 54, 55, 56:
This set of examples demonstrates that for BMF webs made of polypropylene (BMF-40,
41, 42, 43 & 44) containing 1 wt% Charging Additive-1 of varying EFDs, basis weights,
and fiber size distributions (i.e. Extrusion Method-1 vs. Extrusion Method-2), by using
Charging Method-1 (hydrocharging only) with 100 PPM of Na,CO; (pH 9.2) the QFs of
Ex. 52 (1.77), Ex. 53 (2.19), Ex. 54 (1.77), Ex. 55 (2.55), and Ex. 56 (2.03) were all
greater than their corresponding Comparative Example: Comp. Ex. 52 (0.86), Comp. Ex.
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53 (0.91), Comp. Ex. 54 (0.88), Comp. Ex. 55 (1.17), and Comp. Ex. 56 (0.81) charged

with DI water (pH 7.0) alone.

[00176] Comparative Examples 57a, 57b, & Example 57: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-45) with Extrusion
Method-2 containing 0.5 wt% of Charge Additive-6 and 0.2 wt% of Charge Additive-9, by
using Charging Method-1 (hydrocharging only) with 50 PPM of CH3;COOH (pH 4.2) the
quality factor of Ex. 57 (3.48) was greater than that of Comp. Ex. 57a (3.07) charged with
DI water (pH 7.7) alone or Comp. Ex. 57b (1.68) charged with 50 PPM Na,CO; (pH
10.4).

[00177] Comparative Examples 58 & Example 58a: This set of examples
demonstrates that for a BMF web made of polypropylene (BMF-46) with Extrusion
Method-2 containing 0.8 wt% of Charge Additive-5, by using Charging Method-1
(hydrocharging only) with 10 PPM of CH;COOH (pH 5.4) the quality factor of Ex. 58
(3.50) was greater than that of Comp. Ex. 58 (2.58) charged with DI water (pH 8.8) alone.
[00178] Comparative Examples 59a, 59b, & Example 59: This set of examples
demonstrates that for a BMF web made of polylactide (BMF-51) containing 1 wt% of
Charge Additive-1, by using Charging Method-1 (hydrocharging only) with 20 PPM of
NaOH (pH 11) the quality factor of Ex. 59 (1.42) was greater than that of Comp. Ex. 59a
(1.10) charged with DI water (pH 7.7) alone or Comp. Ex. 59b (0.48) charged with 20
PPM HCI (pH 3.5).

[00179] Comparative Examples 60a, 60b, & Example 60: This set of examples
demonstrates that for a BMF web made of 95% polypropylene and 5% cyclic olefin
copolymer (BMF-52) containing no charging additive, by using Charging Method-1
(hydrocharging only) with 20 PPM of NaOH (pH 11) the quality factor of Ex. 60 (2.21)
was greater than that of Comp. Ex. 60a (1.77) charged with DI water (pH 7.7) alone or
Comp. Ex. 60b (0.70) charged with 20 PPM HCI (pH 3.5).
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Exanpl es 61-66 [00180] Using the Conputati onal

Chem stry Met hods descri bed above, the PA and AHdp
waweoe/1¢s0nput ed for nodel chemical systens thatP@Er/BS2009/040426

equi valent to the am no substituted aromatic charging

addi tives descri bed above (i.e. Charging Additives 1

through 6 and 15), with respect to the electronic
Exgmplest@]r@ of the charging center. The nDdeI structures

[O(ﬁ%ﬁ} gdl\gﬁng Fh @on%% %ﬁgonm'[ec%errﬁﬂfr% etﬁo Bgve ﬁi lISA and

ce uired ¢ i ona 13 jus
AH D ke eoreatePTor ﬂfod%héheﬁhé%ﬂ’ pdtdifs that zhre e@@v%ﬁﬂb nige z!i}ﬁMYo
tﬂe tail will affect the electronic structure of the

sulsfiangl agmagotierginghedieivedhéesciiigsdgiboge denChirgig Additives 1
praotonati on/ deprotonation site. The defgtree to which a

thrpwbc@ ash D, with lﬁ?ﬁpﬁ?tﬁ‘é dheseleqiionis] ssueusnPicths Fhareing cantgr. The
mo%%%@% agﬁgﬁfgg ?glﬁe%?g?g%&)%?gég tft}l%oajllph%cotldﬁptot Jgguce the required
COIﬁbMﬁﬁ@IQI]Z hie daljuitdl aid tonshii@sof tha ;agph&c h'l;&n alaosdemdite how the tail
Chem stry, 15th Edition; MG awHi |l: New York, ]
wi gffgetythe qlﬁ@r%ﬂﬂfpswr% 8f thschemecagtor, oﬂm—l@l cepEipecptpr is the

R TR o0 By

clethese stBchnr@qusn larghhati@tee stet bt&ltbet mﬁlefswddehroagh et Hytheoe-Sigma
repeat groups will not significantly affect the
pagmstar y gilecast - et Risicorhanpeal dedatig p@emr@esf@vdhmlé@’
of the R ups that are chem cally different would
Chisi 31 GG Ona o A NoR T v Ei e V5 fohBLoCHs,
0. 39,

CING I eitaiA E%cﬂ@rlf@a‘&Hééﬁaaﬁbﬁ%l%@ e(ﬁ:;'&vﬁi e BBk
fesm%lg.efv.r-" %:ﬁﬁ%lﬁrﬁféroé Eﬁ'ﬁ%ﬁwﬁgh%@ s P@E’?ﬂ??sg%tﬁ%e number
of et s S S B OB e Bt b Aert ol i e

cheﬁrFﬁggﬂeﬁ‘t@r agiehint ) ESE tRORLGBEpshithrél bﬁd‘nﬂ&zﬁm dlﬁbteﬁh%ﬁwdrtﬁ R =-H,
flurds and the correspondi ng preferred pH based on the

-CHal and | ER-€HCHPA and theARdplasder thiebel-goetpswye 0.Fhek B/, and 0.39,
results suggest that the PA of the nolecule correl ates

resmthelm Dgan, eAerPéfwglucﬁ@epu@qé rclatiggshops. tlergad darithend afn

at a PA val ue
Chemm Pllqzdh“o ic\){ftﬁ ri‘ggi liﬁcale rkwf?qb i nprove the

[omu]‘ 0 rFfBﬂﬁeAﬂﬁﬁntVWba‘tﬁ@HEé@‘its &MA d61eth€ bizii @@dd Widdblsan addition to
acidic water spra and that additives with a PA val ue

proyiding he typias tBMEBovabs sptawingdbe ﬁ@lﬂlVﬁlﬁiﬁrQﬁ@@mm@dltheS

chaegg uf{% ?619[ %ﬁrglﬁgg g%]a&l& perc(f)%r g%pa(% %Ct @};'r\éqi éi;/l:b%sed on

theT@hJu&t&i Ms@d Mﬁg (describeel P, fiesdtebulef supbeyt tReele PA of the
systens. These results suggest that the AHdp of the

maleaiuecure laarwel witk shondlalging proptites ohthe gddigives mpeotways. The
of the additive

s t hat PA. The
firgtiopsqrvaipads that §ﬁ\ yadue; %S%tefat mﬁw 35 ‘3 EC%“’F@@ vwﬁ éWP%SEt%

\V
perdpimafBaby O sdfitle Rl eite tRbed BRn AL Ral dphay) HRA AP
adbsescwiiat @A syucayf, lesariblart zﬂmmt Ak dai/ e dmmbhrr@ms\rddbe perforrnance

vaJ ue of qreater than about 335 kcal/nmol will not
of W%b?%i%‘ei L URAPHAHG] BB a5 IO AChEP 8%l e when
[061%@} ach & oithhbPERBSHE: mn@s aRBorts e efotr BAbS the model

deprotonation is an exotherm c process and thus a
sys3eTRd. | Blfcs& WEIRY sugBeq el @ £y, $fARd Sd]ccliR@otiaRIgsGalll with the
conpounds used for nodeling the correspondi ng chargi ng
additives. Structure Mddel -2 (Charge Additive -5)Hr

NNNH Il NN WO 2009/ 148703PCT/ US2009/ 040426 Table 6
Conput ed PA and AHdp and ned®ured QFs for Mde
Chargi ng Additives. Exanple Nunber Mdel Structure PA
(kcal /mol ) AildP (kcal/nol) Predicte d Charging
Liquid pH QFa (DI water) QFb (acidic water) QFc (basic
water) 61 Model -1 242.8 356.3 pH < 7 2.35 2.40 1.21 62




Model -2 237.0 362.6 pH< 7 2.18 2.85 1.55 63 Mdel -3
235.1 343.2 pH< 7 0.56 1.86 0.85 64 Mdel -6 245.4
WQ@2009448b8 < 7 2.22 2.64 1.42 65 Mdel -4 223. 9 BEOUS20p4040426
> 7 1.02 0.30 1.41 66 Model -5 224.6 329.6 pH > 7 1.28
0.46 1.61 a DI water: deionized water, neasured pHs
of DI water were 7.5 for Exanples 62 and 65 and 8.2
chgrgingmrenepiicsoighe adsidives 1 wayidthaeare gnalegaiis do RAt drhe figglt er

obégrga*%' 295 RRM E‘ﬂgg@'é 1S ARy E?Sg'ut%g"é égg&/rﬁ‘gﬂ iﬁ&i @I Gl Sitive

RN RS 1 RS IOE HLEL E BR

andEstatrpd detsved 2vitnad waide d0grédatbothafcxlbony 38§ kédl/mdd 3yillewt improve
and 66. Exanples 67-110 [00184] In addition to

theceheaing brhtaviee opthepampleceshangontantsdsyidcs basic whiar @r%g We note

=5 above har.gi n ro ties f
tha‘?ger‘lfrg onaté(?n 18R g? ﬁamélg aF %egs anlaméla,s a Sader P%I&W?I‘ 1S preferred.
[00d8BET nl"h'hechteﬁﬁca@ bemh&Alds asP@r fodtl h% BB 36@éPBnding charging
additives. To determ ne the chemc scope, the two
additigést i ve cl asses were exani ned that are shown above as
formulas (1) and (2) Rprnula (1) includes Structure
Model -2, where the aromat i ¢ $ortereMotidi-2t hr ee

( “@g 5 on to it, an@hfrgravidlize©B)
ﬂ%:(méW?Sgﬁure s-3, 4, 5, and 6, whereN e R NH
|s an aromaticlcore thiat is bonded to three

par a-s (SN derivatives. The aromatic N \f;

cores f these gtryctures are chosen so they have
omat | Tf |es and the R-groups for formh

di f f er ent’
(2) are selected on their electron
wi t hdrawi ng/rel e SI pover ¢ Tgue l\ilodolng‘tl c rings, _ogp_o
AeE MRdc1 L BCT east aronatlg&aybAgég thi |ne

¥ Akl n

(O deMdehitingy) py ne, and b
Pi chugi n, K orb, L.; Leszczynski, J. 616 J.

Struc. 1%? (ﬁOO r) The R-groups, in order ok

I ncK Fon-w t hdrawi ng power, NSﬁ@ﬁ

?@(&‘?ﬁ{é%ﬁs “H,_ -F, -C(=0)- ueme//N

- -O-C}BT/CFB, and -NO2. The el éctfon-wit hdifawi ng
HN

paraneter, & [[Dedn, J. A., Physicochem cal 0
Rel at i onshi ps. \\afige' s Handbook of Chem stry, 15th
Edition; MGawddilL: New York, 1999). [00185] The PA O~
and AHdp val ues” Wwsfe cal cul ated for the additives of
formula (1) and set forth above gpd.,anpqdiegorte
iStuctabliele7- 5 Bas t hese cal cul ati %eﬁ&hn@ﬁ5ﬁhe
(CrrgaAddi@vey?) addi s (Exanpl es 67- 7 woul d be basi

addi tives, Has he PA val ues are S|gn|f|c nt 1y NH
greate caI/nDI and their AHd ue
siNgni f ntI gneater

o}

strength i sHy a];ifled with the Hammet?- Si gma
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than 335 kcal /nol and thus are predicted to charge

better with acidic charging fluid (pH < 7). [00186]
wab@opspose of exanples 71 - 106 is to show hPOT/UR®09/040426

el ectron withdraw ng/rel easi ng power of the R-group

affects the acidity or basicity of the charge

additives. When Ris electron releasing, i.e. & <0.0,

the nol ecul e becones nore Bakled and when Ris electron

o0 B o Sy P s OGP B CRPE ves.

betwegn an acijdi ¢ and pasic additf,ly icge ends n(%Pn)e P
aronmati c core. FOF exanple, the|tr §SI io§ petvze a e
Exagipth [ ansticbasi ¢ Or addi wrygs withta t1iakine BEErs N
NWBE B SHrulrddd &kﬁ@ pe ans(kgdlmlpet%é%}n&cl §PE  anteteds| c(basic
for additives (with P al benzene codéquifien wWatery| 0. 32. | water)

U

dni fv| Ar=Benzene Exarrple 70 L' 69H Da;%se 74 1
0170 | MBI | 190k LI ISP G phcd | AR €| 121

i 4

o ep) OG0 10 5970 eI 103 PU7E T | Exdlip) & 2506|1153

Bdanpl Modd@ [17281.1 vd 34820CZ| pH<7 | 0.56 1.86 0.85

64 Model-6 2454 3474 pH<7 | 222 2.64 1.42
65 Model-4 223.9 330.1 pH>7 1.02 0.30 1.41
66 Model-5 224.6 329.6 pH>7 1.28 0.46 1.61

a

DI water: deionized water, measured pHs of DI water were 7.5 for Examples 62 and
65 and 8.2 for Examples 61, 63, 64, and 66.

acidic water: water with 50 ppm CH3;COOH; measured pHs of acidic water were 4.2
for Examples 61, 63, 64, and 66 and 4.4 for Examples 62 and 65.

basic water: water with 50 ppm Na,COs; measured pHs of basic water were 10.1 for
Examples 62 and 65 and 10.4 for Examples 61, 63, 64, and 66.

C

Examples 67-110

[00184] In addition to computing the properties for the specific charging additives
above, charging properties for a wide variety of charging additives were computed to
determine the chemical-scope of the charging additives. To determine the chemical-
scope, the two additive classes were examined that are shown above as formulas (1) and
(2) Formula (1) includes Structure Model-2, where there is an aromatic core with three
(NH)-CH,-CHj; groups bonded to it, and formula (2) includes Structure Models-3, 4, 5,
and 6, where there is an aromatic core that is bonded to three para-substiuted aniline
derivatives. The aromatic cores for these structures are chosen so they have different
aromaticities, and the R-groups for formula (2) are selected based on their electron
withdrawing/releasing power. The aromatic rings, in order of increasing aromaticity, are
triazine, pyrimidine, pyridine, and benzene (Shishkin, O. V.; Pichugin, K. Y.; Gorb, L.;
Leszczynski, J. 616 J. Mol. Struc. 159 (2002)). The R-groups, in order of increasing
electron-withdrawing power, are (NH)-CH3, -OH, -O-CH;, -CH3, -H, -F, -C(=0)-
NH-CH3, —-C(=0)-0O-CHj3, CF3, and -NO,. The electron-withdrawing strength is

quantified with the Hammett-Sigma parameter, o}, (Dean, J. A., Physicochemical
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Relationships. Lange's Handbook of Chemistry, 15th Edition; McGraw-Hill: New York,
1999).

[00185]  The PA and AHg, values were calculated for the additives of formula (1) and
(2) set forth above and are reported in Table 7. Based on these calculations, all of the
formula (1) additives (Examples 67-70) would be basic additives, as their PA values are
significantly greater than 230 kcal/mol, and their AHg, values are significantly greater
than 335 kcal/mol and thus are predicted to charge better with acidic charging fluid (pH <
7).

[00186] The purpose of examples 71 — 106 is to show how the electron
withdrawing/releasing power of the R-group affects the acidity or basicity of the charge

additives. When R is electron releasing, i.e. Sp < 0.0, the molecule becomes more basic
and when R is electron donating, i.e. Gp > 0.0, the additive becomes more acidic. The
exact value of o}, for the transition between an acidic and basic additive depends on the

aromatic core. For example, the transition between acidic and basic for additives with a

triazine occurs when Cp = 0 and the transition between acidic and basic for additives with

a benzene core when Gp ~ 0.32.
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[00187] This invention may take on various modifications and alterations without
departing from its spirit and scope. Accordingly, this invention is not limited to the
above-described but is to be controlled by the limitations set forth in the following claims
and any equivalents thereof.

[00188] This invention also may be suitably practiced in the absence of any element not
specifically disclosed herein.

[00189]  All patents and patent applications cited above, including those in the
Background section, are incorporated by reference into this document in total. To the
extent there is a conflict or discrepancy between the disclosure in such incorporated

document and the above specification, the above specification will control.
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What is claimed is:

1. A method of making an electret article, which method comprises:
(a) providing a polymeric article to be charged; and
(b) contacting the polymeric article to be charged with an aqueous liquid that
has a pH and conductivity as follows:

(1) if the article has a zeta potential of -7.5 mV or less, then the
contacting liquid has pH greater than 7 and a conductivity of about 5 to 9,000
microSiemens per centimeter; and

(i)  if'the article has a zeta potential of greater than -7.5 mV, then the
contacting liquid has a pH of 7 or less and a conductivity of about 5 to 5,500
microSiemens per centimeter; and

() drying the article.

2. The method of claim 1, wherein the aqueous liquid has a conductivity of 7

to 3,000 microS/cm.

3. The method of claim 1, wherein the aqueous liquid has a conductivity of 10

to 1,000 microS/cm.

4. The method of claim 1, wherein the polymeric article contains an N-
substituted amino aromatic additive that has a proton affinity greater than 230 kcal/mol
and an enthalpy of deprotonation greater than 335 kcal/mol, and wherein the aqueous

liquid has a pH of 7 or less and a conductivity of 5 to 5,500 microS/cm.

5. The method of claim 1, wherein the polymeric article contains an amino-
substituted aromatic additive that has an enthalpy of deprotonation of less than 335
kcal/mol and a proton affinity less than 230 kcal/mol, and wherein the aqueous liquid has

a pH of greater than 7 and a conductivity of 5 to 9,000 microS/cm.

6. The method of claim 1, wherein the polymeric article includes a polymeric

material that has a volume resistivity of 10'*ohm-cm or greater at room temperature.
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7. The method of claim 6, wherein the volume resistivity is about 10'°ohm-cm
or greater.
5 8. The method of claim 6, wherein the polymeric article is in the form of a

nonwoven web that comprises fibers and that has a basis weight of about 2 to 500 g/m?,
that has a thickness of about 0.25 to 20 mm, and that has a solidity of about 1 to 25

percent.

10 9. The method of claim 8, wherein the nonwoven web has a basis weight of

about 20 to 150 g/m”and has a thickness of about 0.5 to 2 mm and a solidity of about 3 to

10 percent.
10. The method of claim 1, wherein the polymeric article to be charged
15 includes an additive that includes a compound of the formula 1 or 2 set forth below

(1)

)
- S RPN
H R

where Ar is a trivalent aromatic group substituted by 0 to 3 nitrogen atoms, n is an
integer of 1 to 20, and each R independently may be a group that has less than about 20

20 non-hydrogen non-metallic atoms.

11. The method of claim 10, wherein each R may independently be hydrogen,
halogen, an alkyl having 20 carbon atoms, a halogen substituted alkyl having 1 to 20
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