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APPARATUS AND METHODS FOR ALTERI NG CHARGE ON A

DI ELECTRI C MATERI AL Techni cal Field The present
wale@ehsEer e rel ates to net hods and systens f orPCT/US2008/086982

neutralizing or otherwise altering the charge on a

dielectric material, such as a polyneric web.

Background Neutralization Generation of electrostatic

charge on webs (e.g., polymeric webs) occurs
APPARIENUS WN D METHODS IFOR AIPEERINGTSHARGE ©N REDIEPECTRIC

noves over and around various rollers, bars, and other

web handl i ng equi prent. MAEER8ALati ¢ charge on webs

ari ses frommny causes, including the contact and

separation of the web fromthe various rolls and

equi pnent, unwi ndi ng/ wi fdébnjcaldiield of fil m and

exp ure of the web - beam or reatment (AC .
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the filmduring casting. Electrostatic charges on a

web can be detrinental in the area of precision

coating, not only becausgapkerpagfk i gni ti on hazards,

but al so because these eFEET%B§T5tic charges can cause
AEEZSMEQQQUentIy coat ed quuid | ayer to be disrupted and

I&O Br@ell’llgr%te OF eql%:&roo f E:]SLCJ ?r]ge ngee&gor 5 I‘lC C)]oo%éllgg?

frehﬁbn@l@*dﬁ tich Ihaﬁdllﬂgl’djb@fﬂt)]@ﬁ@ &dése b We%&n&fbfs fo@étﬂﬁl,d around various
honpgeneous charge can al so generate coating defects,

rolegs, RS, PRABYT qnd|ipgeqtpponts dlecipstape eharge on webs arises from
maﬁkggﬁsek qﬁ‘:ﬂﬁdlﬂg BB faf M ;J%P H&? ?f ik %Je'b'ffb% 'th%rllaﬁguﬁo Is and
pho

togra oat1 ng nater en res when su
eqllipimnﬂ ahwlnsln@ppindexg rbbs af ﬁllandﬁi‘dxy)omhabﬁéﬂ wiblro EE&@austecorona
of thﬁgEigEgﬁurface reS|st|V|ty of high d|eIectr|c

trepfeat § c rhaige pypy the b Bag algo ﬁ‘ﬁtpéﬁisF%ﬂ TN, REEVINS
prdcbé‘s@s chcﬁer él&:tﬁ&@ﬁh@ gﬁfﬁﬁ@ §r thd fifh dhdind §asf1fi’é rtbécﬁ:mrbharges on

have rel atively el ectrostatic charge, of
a werﬂn tbg ditmingmsil tiry tha ratdeamﬂpmqm% cantiogpyat glyviebawme @fspark

) I t Th. f h
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coI€PRGIIN Bayel B bl FUPIe8 an@ TS B udRSMIDIEPatich® (Y&E fdfexample,
relatively thick coatlngs to provide at | east a

"Coatingnk ry g dhafests’, Gotadt angl @Wu‘@hbw N¥hé9%eb Impdilition to
1nhopneorggrpé/oug 815’&%& ﬁa%e?n Born%é‘eneous ala%lé]el cfa inotgengra{e c%?itmg defects.

In the photographic industry, for example, a significant non-uniform thickness
distribution of a photographic coating material often results when such material is applied
to a randomly charged web. Because of the high surface resistivity of high dielectric
materials, such as polyester based materials and the like, used in photographic film, it is
fairly common to have relatively high electrostatic charge, of varying intensity and
polarity, occupying web areas closely adjacent one another. The use of such coating
materials as a component of a photographic positive or negative, for example, often
requires the use of relatively thick coatings to provide at least a minimum thickness
coating throughout the web and thereby compensate for such non-uniform thickness

distribution which necessarily results in an increase in the use of relatively costly
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di stribution which necessarily results in an increase
in the use of relatively costlyphotographic coating
wOorai0e08sfs i n order to produce an effective coBCT/IER008/086982
t hi ckness. Visual effects such as photographic nottle
are al so a consequence of coating non-uniformy
charged webs with photographic coating materials. Past
pheyparephic egatingonpigeals & oIer torspdicarn sifeetvescopng tigkneysm Visual
[ | :
R e R B e el
chargehwalss wils phdabgrapliic @vating ramptiyls NBadt peacpbsting udgadither
coating materijals. Varjous techniques for neutralizin
tol%tﬁ%%@@@ RN e SRRSOy dhélidyaniagse qr piEpptige to
Bllize Manddnily enatpti wEY N ¥Gsh 5iBR (ot Rk hot hi
ne etl\%/(eeenana pa?r og opposed grmeld p@leossurlgﬁgggﬁgr%oo‘grap 1
codtingtmaemalspri ng- f orce bi ased agai nst opposite web
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ool YAR9Rs opiniayis SOLiRER e ShaTechNEh e Ragt hon
bl oW RehriQi FRekikkidrin @N% P28 WS 2082, B ihvttﬂvel!ﬁﬁsgi@g b thaybed web
a

neutralize surface charges and then establish ' '
between i pair of opedyed grouaded prhssuggerollessahatgrd springdorsg ddsadjagainst

same. This resulting surface, char | evel i o
or BB b BB bl BB v AT VRN i or hiasonype
cleaptitiadharged Uid thegn bieviag dhided GRadntd QurficOs65the RaBitd) Grsd
polarity that isrggtﬁosite to that of the web surface
newlrrdizg surtacs sharges acihen giieblishadertoyley weh sufage qhgege Igpl prior to

. 52, ] : n i na" ' :
coting $2mE Shis PAPIIESyrialt PRALEhvefls WEpHEEES Y drBlying o
volyeyeas dhd goating agrlichiyr divdaihe hb@alseontfiag proacd ahmpegfolaity that is
rer,mvi&g tﬁg chgrg% inparted to said web surface so as
OPRQSIE &x(Pat piHac $gp s @egg‘ﬁ@eally free of charge. The
amounbiRf chahee @I LPUaNBLONJ BE 38BNyl CHRbER" a
renmoved fromthe web surface may be so controlled tha

web Iserfadvaw igie cheagddapariocicsaofar fitsepaiettyshas tregaara lyemgforrlyebarge
thelnsil{tlﬂgeivj\%lr(ftg?%g%%ggﬁggigg&gebclh%%ﬁél%lgﬁgd {.]ﬂ sgd \I)vé‘tl) é)url]rfatc(e) sé Qse to leave

theCRRRBS Sdrdtdlly-fescaiflcaibe. MRYbmBhAt 2R ChaBe 8Y R ENd/SHEB amount of
as: Air ionizers, which provide a source of ionized

chagpe renpgvied dpmuthgvap ssofaeaimag by emeontigbige that thetahargs viagafson and

fi |
TR SR P L R RIER "5 b ot ect

st alh eddEasiotthy tetRdl EFsrendadrdbbed, thett hrel adScoddrercially-available
renoved by HEPA and ULPA filters in clean roons.
neytdizptiQreyistemsa$Uuch agl i mi nat ors, whi ch consist of one or

or %i@ﬂoﬁ&%fs?@ﬁ&h%?@vi@e Di8hce of ionized air. Air naturally contains ions.

However, these ions are not sufficiently abundant in most cases to neutralize static charges
rapidly enough to protect static sensitive devices. Further, air ions are removed by HEPA
and ULPA filters in clean rooms.

Electrical Static Eliminators, which consist of one or more electrodes and a high
voltage power supply. lon generation from electrical static eliminators occurs in the air
space surrounding the high voltage electrodes. These ions are then attracted to the static

charge on the material, resulting in neutralization. There are various commercial sources
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vol t age power supply. lon generation fromelectrical

static elimnators occurs in the air space surroundi ng
wo b@oksyghl vol t age el ectrodes. These ions are tPERNUS2008/086982

attracted to the static charge on the nmaterial,

resulting in neutralization. There are various

comerci al sourcesfor electrical static elimnators,

forelreticad spselimimatys seehsasdB Sdonsastemn and Simes @n fibigpis Tool
WL kS agg;@any). I nduction Static Elimnators, which

are passrve devices where neutralizing ions are

genbrdattieh $tatic EEmatas@ s, twhitihercglasdte daovides ethdrauatrhlizihg éons are

stati¢c charge on the rial. anpl es of common .
ECRIRGR LN GAPuPalq Be e PR oY e Shpade @5 the material
ExhR G iPhmoh i Elon {RCH FniARloRsnBe STUT RS TRINE @nscl
neddi¢ badb,amiddrushés.ai r nol ecul es. Most nodel s use an al pha

particle emtting isotope to create ion pairs to.
neutYuglepy atatie E%m%naé@réf@@gh ceRiedanyiiethg Afrghatigngef aignplggples.

MOELSEE o6 Fogliot chleng SR Shal s b

chirpest Tlesnat offentisalcaliadN¢élear Bassich t hat t he nagni t ude

of electric field, as nea ed with a co n stafic

et Epc o @y yoe Bk S Al Dn SRSOPh P de Ameans to
attflh QW datadif Bet Rutrhidled (N0 WaShS URShANd FHlectAoNaN s,

the net neutralized web may still have substanti al

meghedywith Breemueen sdtid mefar, dssubstanialtyr lawier has itawdsgnigiably geovided

on. dielectrics,has,. been ntioned. The.basic..jdea
eGP o R R SaRER e Bt RIGRzedR R il AR
sutsxdpesl a@rdehe material to at |east weakly conductive

fluids with a path to ground has been nentioned in the

it dhausgef l(os!ég, tomgytradizg sigtie chygge an dbecgics has alseeqn

L L
ma@arl"hYﬁq é@s_ﬁhed&ﬁ casﬂchn.eﬁ'veaﬂuiébw@ﬁhaqj’mﬂﬂ@ éiﬁlﬁhd 1_.1as been mentioned in
g appar at us eani ng

estati ci zi ich_rempves c )
thedfpitiirs ok R TR Mok P b L0 84 Aa4_%- RipRgePReaidvances in
Ph sri&ff!l@gcpw. ) gllfo- 6leﬁ-m@f;§ﬁ9§éxafn 1@@9&.'@% ;thq 6176245 B

articular to imnate s gener at ed
descibapd wgb ofehiniog and destdteamngigppeoitust wininh agmaiee cferping solution at a

t. . S, Pat. . 6,176,245 Bl | licit .
fropbSl0k BRI e iomsf PR A ERg O i aprTied in
pai€ieglaplo Gindinig sthfid @b s@abd b? ki REHPM L ¥ o EMBRIRIaRInGIsYRIoh Bt the

U S Pat. No. 6,176,245 Bl described a solution

fropbsletai iSnbatgl oo trktthiAS B hlpcekmn omdicit sequerariepts the electrical
COIg(g.lgg\lIJi% gi?fvtg'l)e( él%’s:téélgc'tlﬁ@g grtlAAaet%é;da%,#g 'Ol%%ilgtil'e 18 ok i8Rt Bat. No.
6,176,245 B1 described a solution containing 88% methyl ethyl ketone, a weakly
conductive solution. Also, U.S. Pat. No. 6,176,245 B1 does not explicitly state that the
liquid must provide a path to ground, although it is likely that the slotted web cleaning and
destaticizing apparatus used in their experiment was made of a conductive material such as
a metal. The apparatus is limited to treatment of the same side of the web from which the

cleaning solution was removed. There is no discussion regarding the type of charge

distributions which would be remediated using the apparatus.
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liquid nust provide a path to ground, although it is

likely that the slotted web cl eaning and destati ci zi ng
wa@ppanst7es used in their experinment was nade OPCHUS2008/086982

conductive material such as a netal. The apparatus is

limted to treatnent of the sanme side of the web from

whi ch the cleaning solution was renoved. There is no

di s&j%sﬁaéﬁ\h?-ég?a’)rleﬂ%ﬁ&ltdﬁ&crtbym PeEffceesHiger dmaler apatatusis

Lch: I r [ r at

e S0 P o SOE BB Sal, U3 PRERE! Bu7E 2 B, nuia
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6, 176, 245 Bl th US. Pat. No. 6,176, 24
regar%%fh@quhﬁgﬁylwb@ma Wé“‘é‘a‘t"ﬂﬂii b irpestis g thepgparatus.

di SQUSSI8Y pafh r[?g' BatNQo B SEUBH, Qé’scflﬁ%ae[ R tnh?prBé’é%? and

of charge dlstrl ut1 ons whi ¢h woul d remedi at'ed
appsatngthihmappp asaittu siltrafnniokltheclcpednelntoneiapBratiFaly. drilge.g. air

kR e o by Sttt o RuBARCE 5 BN 2119

is tOQNA AROA Al 'bYl?JUSS Pay N 2067 ai1y tdaldhdsl tﬁﬂ aOfufthéBature of the drier
remaining fluid) a continuous film A purpose of

opgration Ncshatzhfgﬁl"m aw the dryer fkeeahclediewstatit ghargeit This gecharging

h h f
oipfds R e s EPOREE B Rr ni B b GRS Gy Qirvine
stepr R iffiglel 8ed ﬂ@sieaésmrqw gefluiliRbsddeiehaigiingh @t 8CPat. No.
I s added in several aims, always in conjunction wth

2,9%1id lﬂoar*i]é\}“@ﬁ’@faa]ﬁ |0i§f§reért§)@tr?@n%1’f1@1§ely Mémpﬁﬁﬁaé%tth?ééhft destaigizing
actgﬁﬁﬁ&%gfsylg tlg @Lefol%g‘ret 'tﬂra]lg 11?] ﬁ{éng%‘sol}ﬂsctto er e \éﬁﬂoﬂe nUli}s‘ §at No.

2,9%6011¢b dsesnedt ypetéiynhs typat eSchiahgt digtiibuttes tiadt iacd @idrgsed by the

actually occurs in the drier, rather than in the
PrOgFYy R4 3RPEeUank. Furthernore, U.S. Pat. No. 2,967,1 19

doeg; §Giat SRS 1726, 24'3%1t XP@SPa@fN& hpg &3t idUtd. PRS No.
t hat ‘are addréssed by 't he process and apparatus. U.S.

2,984d11.19 Nescribe 16ys2 45 lighids té. LhidRameuthidizatoR diit §7 Bt dlreactmﬂ to dual-

LUS, . P?t' No. 2‘:%62" 1 19 describe the use of |iquids

sidf o RipRas GRarge ASFRUORY i on. but are not directed to
dualcehfiferbialfapslBle ﬁ@tﬁb&sefog eBinldaBbA bPASntrivial static charge
Commerci al | y-avail abl e nethods for elimnation of

dlsﬁfdwﬁlpns/u Bhress rharie dishibugensdiastaniinnigrohiennt Fefeets infingl geoducts.

di sgrl bgtl ogs can cau%e Sb gnl fi cgzt defegts in final
Gen Crne har tr LeLecInic Suridc st r| bUt i on
on dhetReghftérds shlhfsaberate@aangas@hior eomsolRA dpsdidist dfah&erial to
can be used for controlled deposition of material to

theghareepatiee. gaet 8pmx” meghodyipp SRmITAREHEWIS of Risansass-aln the xerox
rne Clg)r‘g] 88?1(28}& 031['[198 ?ullng&g{r%??or &;XA %1@18 ghe‘ﬁ uslad tohdlscharge
arelas of the phot®echduotod, Isoti@dy greclectrostatic pattern. Toner particles are then
preferentially attracted to the charged regions on the photoconductor, creating a toner
pattern on the photoconductor cylinder. The toner pattern is then transferred to another
substrate (such as paper) and fused to set the image on the finished product. There are
variations on the xerox method which have been applied to copy machines and laser
printers. However, these traditional xerography methods rely on photoconductors which

are prone to charge diffusion (line blurring) and decay, and are not able to be charge-

patterned robustly on the micrometer length scale and below.
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areas of the photoconductor, |eaving an electrostatic

pattern. Toner particles are then preferentially
w@rdovmgt’ed to the charged regi ons on the PCT/US2008/086982

phot oconductor, creating a toner pattern on the

phot oconduct or cylinder. The toner pattern is then

transferred to another substrate §such as paper) and

f us &itan aitasent t¢ piscyegybtherdinpikdions ay Rheseropdedeist methpds ave been
de\aerl(gie\ﬂ%' %“éragtg i &l- Elafnﬁﬁ%r% aﬁgﬁjls \M}E&p &?t\ﬁg }_gl%%gte. These
Wever,

nes and l"aser rrnrers.
fint blearge patathd ctaﬁnad:n Ixeusod taghiyec dqidmrdm of @hiticted to generate micro- or

T e S
Un%%’gﬁr Wﬁﬁé%& agha{sodbsléﬁgé éff ﬁf%ll%ﬁ?on@(erﬁnﬁérﬁy J | GE 94 H. 0. Jacobs,

ow. I'n an attenmpt to circunvent
Naho fictters iSdh8) @00 pHOT8c bh dudsabs andrEt Bamis, Haaane Alppbention

UGB SRRG uATHE "L e SenGReroRRB C R e Bt £ BpRSpacoms

on GARIRENuBGra4S RO KiGh SN I BastGRARIdsl £ dHosRA. LinGhRSwdrR, the
generate mcro- or nano-scale features on the

chargbpatreamnsedre aptoeveddarditest cqaqéack of g el togk dths toelomstdneated on

mh?%wvlgnic’gBh%P%rapljy an(%io(‘ie chog t1v650 al%[g of lﬂﬁéﬁ 'Eat Iuglrlosrs glalrn
thaf $iBirorl 2RO fcat@é8as dthalQus TmeDhsH Bdedted ‘BﬁfchWouﬁﬂﬁlﬁfW sub-100
Application US20050123687(Al)) in which they use

mierRR RBUKBIEFRRBANY- t o create fine charge patterns on an

o8 AR oL B 0 LY DARPIA A3 B
relpohitlevahilitpyo demeeatt cﬁlﬁt‘ttlhdtchﬂxfge pattdras gteai sﬂibsﬁrhte. H@poﬁtﬂbﬂnethods

was created on silicqgne u3|n lithog ﬁ made )
of gRIERTLBIhHar e PattFras Plﬁﬁlww & i ganorpicy f% dirgptgopfact charging

indiPRthShidd FARHRE I MBALK DS pAshes g‘iﬂ Me@Rida RIS RAMMAEAdy.

created which would allow Sub- 1 m cron patterning
Matap &b(18) 1(8'00 INIBOX eN 01§ alaphy Arétdnader, Mlntwblﬁtdﬂrmrgc Engineering 78-79

o) 7 B, A E5 e B e Tuh R Pl B AR Bt L R 0H) 3708

or BMRSHERPE(C. Iﬁem&tyeﬁf maﬁﬁw AhcHENBIIH .| MTa64WR! ABp. Phys. Letters,
patterns on the m cro- and nano-Scal e t hr ough direct

83 é%fr)t(&%%éﬁ&?)guln gdditien tdicserdiragseondfet redinids, Migrqer nano-scale

R BB oS BRI s .

Fulb i e@lelgatxfgﬁﬁiuclzfngtm)em%pg 78 79 (2005) 331),
stainless steel needles (T . Krinke et al

Phy d he methads of g@l@(%}@ﬂ)n@v@@) chargeratiens Wﬁﬁgne(d@bow have been
ablg% hddr Ay thgfeajru zez %@%%&Sé@g Xelcagra@ggp&]m t?xévhlch relied

Fetter S, Itio
on ttlhaenﬁmrging aat dlscmat@n:g phlmmlfundsctonmatenal blowraa tieaattBods

m ngﬁ Fo)gqt: 'érgtrgggqg ve al fo gl?(F/OI' I‘%Slrl]i?er t te%(sje gfs slpggia{ scil%lsjt?ascgs

(electrets, for example) to achleve the fine, sharp features demonstrated in the literature.
Another challenge in the area of nano- and micro-xerography is adherence of the

final pattern to the substrate. The background mentioned above provides a method of

placing charge patterns on dielectric (or electret) substrates which can then be used to

guide deposition of a second material. Once the second material (i.c. nanoparticles) is



10

15

20

25

30

Fudouzi et al, Langmuir 18 (2002) 7648). The net hods

of generating controlled charge patterns nentioned
w@bwymesitave been able to address the feature SPEEUS2008/086982

limtations of standard xerography techni ques which

relied on the charging and di schargi ng phot oconduct or

materi al. However, the nethods nentioned above are
deppstied.ahg ypsugetiyndaerengeanet be addgered e Forrxampde, dfis 8193 bk glone using

electrets, for exanple) to achieve the

he%%ﬁ§%¥§%§§%éfeatures denonstrated in the literature.

Anot her challenge in the area of nano- and

m cro- xerography is adhergr&p of the final pattern to

the substrate. The backgrotmd enti oned above provi des

a mEhbeeksert didcasuids diradtgbtoRpbhRiuRSine Mcthorls eledt elitida@d or

el ectret) substrates which can then be used to guide

mogify 3ghergs slisrbyioneamandicleatris matgrial OHp o emkedinagfs, the apparatus
FATEHEbL ) ASPORBI LSSl B M
thrbegldameactisg aglels atpostivd/ dithsiefse pesurficenelitiic Tivkectric (e g. aweb)

.present disclosure directed t arat us, a
'ﬁl@t%ai thapigat a?wwi% e BB @Q%ﬁ%&ﬁ ér%@“ﬂ"‘éf{] R9ttE-on
on @udi.ghReLsr rﬁetﬁ@& &f ﬁl@hlf%’lhg cﬁé}Q@ off %@@éc@@@ﬁﬁten‘éh @he method

apparatus and nethods of thrs disclosure nodify t
comhasige Obluasmrg bdicleotriconateridibelmgtarsubstamttadly ingh- lmtfprm gh:ctrostatlc

chi5 08 8 TR BeRNelroRBig that RO mShsureg petptive o o
grdulﬂatpoteﬁualt apgink anaalkhyt veQREUGhHY&ive liduitieb @hedurfice of the
rescri bed potential. One aspect is a nethod of

dictastrid Wﬁqgale hed efecash partiaile reseavingtheat lspstayeaklyrendeative diquid
froﬁl Jil Qf% aé Qubg%n al?y &hf %}{ellgct agé | QEL Q &Y l[h%%u%ace.
St an a[ %on uni orm e I‘OS %I‘ ge

d| StAmiothgt | amcm aanhod generatigg &b elewmdtﬂtcihsrge pange ona
di stribution neasured relative to a ground potentia

%ﬁl‘%‘lﬁ@ﬂ?ln thermethe pormpraiing ceBInE # mﬁéecrfmq@af&ﬂﬁlohawﬁ@ a first
e bAERIATarbineLPLAELE LEalTPLERI Ry, O 4 8@ Sbrtion of the

e at ast wea conductive
dicldctyin wateriolnticrae lensir ey tadvcting laqusdilxstiand sabhy charge potential;

niformel ectrostatic ch e on the surface. Another )
anigtdsﬁ pprlally FreRgydRg e hg&ﬁef? -Wgéféhp%ﬁ%t)f @gtd%n lgcgric material
leaS R O@bRAI AL PO efycﬁbﬁwaﬁrg@an%e kst pbRRNEHROM clectric
comprising: Obtaining a dielectric material having a

maggriagt charge potentlal appl ying an at |east weakly
rtlon f t he

t t
o S bpotfera it} N afefod Koy PRl fondat it & GEb TG
maferBE ARheBacEMpAShE BlckcalcallRBsupding lag as feaftdvdak Bl doviductive liquid

to é;&'ﬁ\éé nge{ggﬁa!p@g%@% J (Elglrencttrllg?ngt!crgasl’ tha\elggrgtalcggrggfpo‘feggal that is not
entirely substantially equal to the ground potential; immersing a portion of the continuous
web in the liquid to completely cover the portion of the elongate web to neutralize charge
on the elongate web; removing the portion of the continuous web from the liquid; and at
least partially drying the liquid from the continuous web after immersing.

In some embodiments, the liquid is a common solvent held at ground potential

while uniformly contacting both sides of the dielectric web simultaneously. The solvent is

then symmetrically removed from the two sides of the web employing non-evaporative
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| eaving a substantially uniformelectrostatic charge

on the first portion of the dielectric material. Yet
w@np@vhgsrsaspect is a nethod for neutralizing aPCT/US2008/086982

el ongate web of dielectric material, the nethod

conprising electrically coupling an at |east meakly

conductive liquid to a ground potential; obtaining
andfpleprapprative W@g@dﬁ aln ‘lh@&ﬁl eposiraends.get pay anihe Aina walt n¢téleutral
buf} e%er%{ﬂ&'i{ akdd&a‘f%ﬁe%{ﬁa‘ ly equal to the ground

tentral; I'ng a portion of the continuous web

i n fdeorhd emb@thmentsgma ligtidliy a cmerontsbbzepmdld arprodnd pugential

el ongate web to neytraliz | ongat e web;
whylg Nﬁ&?%lma%taﬁa}& 3 Bt Bfc o 3@@9@? Tt xvhwegw PRk L weakly
coﬁdhugjdh secBhdsiak V&Jh?&slg ?H’@thde%Xuﬂ{eﬁ' A%e tsg'l%elllt' it shi@@rically

ntinuous web rsing. In so

rengoned drame titedjrstt dide dfitheriveb lemph)yutgmnmae\stpbmem artﬂédnobvaporatwe

roun ot ent.i | e unjf.or,m ontactin th sides.

mefjodinih i et dileioe PR HRGUERGD Rintdr Binke Rl i also
dudlbe symetrically renoved fromthe two sides of the

web enpl oyi ng non-evaporativeand/ or evaporative

met m)smle ¢rnb<vd1@setsethb ddiridene sompon sohvkpt hedd atmenfdergpotential

neut r al 0

wh\r’]Yg s gﬁmly cHnta boﬁé3 Sg St tﬁg‘ dyetki'?élﬁ ngtm,lglu?tgneaouglg hﬁ solvent is
thed Gl i@t d¥ely Gerlb vl oot thlossid dsf tWWJ:‘tEerﬁpﬂbzml’glﬂoﬁ evaporative

contacting a first side of a dielectric web which has
and{pr HapPEAEe HW&’@I@IS ylrctpmrarhodimens deth ddeseolih Bppl v are

ded. The solvent is then

gm%%%ﬁ@%??g&%i noved fromthe first side of the web

enplio yom@embasdlm\zmp,othaﬂimﬁd iaadémmoasajyontaicld & noateodsotential

In these enbodi nents, .not _on) is the final net. .. .
while ypy alimlywmlta@ta}gear élrs §}3 f %E@ﬁecmfa‘ivé% ithfeschrentt %lgﬁr of" Which is at

lcaSONBKETRA ahd éff‘é@t&élﬁ fo%n&iéd a1 QBTRAt & Ph %ﬁﬁurﬁ@hé’ally
at non- zero pot ent i al mhl e uniformy contacti bot h

rergdvadSromfl theHestdhiidd efahe veb wplosfurrgndnafn»epu@tlye aﬁld?i@r evaporative

DR RS T by g HAT BUBGL At OBl oy

Ch@g&poratlve nmet hods. I n these enbodi nents, both sides
the final web are generally uni formy charged In
sonin garhoenbedimentss harst ligwid deld ta fegmetantigols vieade thepigormly

corﬁgct%%stzs ¢ ofpaocilg gétrlﬁece\tﬁ'hwlhqe r&i a5 oqq%ea&e @glc web is held at

st Side of fIc we e sSecon

a sédvndlpotchitialt byl, &ﬁ&&aﬂhp&%y’ connd i m@cé\lﬁtﬁh@flﬂ @eldiave |s¢’cond
grounded. The salvent is then synTetrlcaIIy renoved

poqep(iﬁ;h {Tihe splvenrtis tien serppvadeorpdpthesiges 6§ thegvet employing non-
evaRtat¥ %HQ/foﬁHa‘f;%ra%Q It S 2RPHHRL fibodiments, not only is the final web

net charged, but generally is also dual-side charged.

In some embodiments, a first liquid held at a first potential is made to uniformly
contact a first side of a diclectric web, while the second side of the diclectric web is held at
a second potential by, for example, by contact with a conductive object. In these
embodiments, not only is the final web net charged, but generally is also dual-side
charged.

In some embodiments, a first liquid held at a first potential is made to non-

uniformly contact (e.g. through the use of a patterned tool) a first side of a dielectric web,
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nmet hods. In these enbodi nents, the first side of the

final web is generally uniformy charged. In sone
wepdvomsitent s, a first liquid held at a first ppCENS1088/086982

is made to uniformy contact a first side of a

di el ectric web, while the second side of the

dielectric web is held at a second potential b for

whelg ébﬁpﬂeéondog}d%ﬁfbgételwrmwab isdelshat 2 seeiidoosntigl By, fer example,
COI@S{?%‘&I DGR ?llﬁd hy?igat %%(%/o%ﬁtpo'te%tlglh ®fhe sSIB%t{Flg idng 8\rfed from

des o nonevaporati ve an
theetwaides toif Ve vkt drmpbymg mohheamrﬁmecmidm BUgporaidi nethydsi $n these

he fi nal net ch d but generally is al so
cmppdimegl g0t aali’ef Rt th 3 finad gy T8 dF etes, pagemy wigensiglly glso has

ad'il?l' dd@tha a%goﬂa&é}n pot ent| al is made to unifornly contact
first s of a dielectric web, while the second

s i dén sfmg étab@tiimleetsi 7 ficst M@ll[id ihsldrae b dirsttpogensielcis mehde to non-

it s W wltueh R Pacdica Tongam Re BTl s gicfegr v,

Wh‘il@ ehd dcBdhd weboMnat dfé‘l&ﬁﬂceﬂeb RuelDgneeadddypoténtidl B for example,

dual - si de charged. In sonme enbodi ments, a first liquid
confedtd canductivi pblecp oEherrolvent isghavaigeoved fiomihe ﬁrﬂt ﬁlidy of the web

em%lpo&tg%%cﬁsolnge g?ra IV% (19 Cettvlglﬁorlél eebr%&}] 0fi£ a]tph rsg ee 1rn naSZnot only

do@ftht higaldir€l IRat fainet Welgd Satle], BuBdenarasioatiachapP @tdamltsl@é charge
by, for exanple, contact with a second liquid held at

PatirrBecond potentlal The solvent is then removed from

th - ' :
g5 o e RSP LB PR g
whala Inyndmﬁ”smllyeoﬁuantaig (eab thhrawgh the ned oﬁ}hﬁa’t@meﬁabdwa fiirst bide of a

eneral |y o has a dual -si de, char trer In ne
die &fd‘fvﬁlé}‘{?@hﬁ‘& S #1 piga wakly cREquFige Sepopl e Heefigpiively

glrdu%déﬁi dend s%lxréﬂmérihélptrem&e& ABLAGL fitS sﬁle off hfe%&hetﬁﬁl@yl\%\% $on-
a patterned tool) a first side of a dielectric b

evammmvetahé/os ecpathtive detlofdst frethdsedreloddimentyebe ﬁsalh)e&bogeaérally

[ by, r .exa act a
ha%abmutf? %\f’gla@& diséﬁﬁut*ﬁﬁémstg? fes 15{5;8 Q?m‘?e‘?ﬁe enoved from
t he 1d §drdd efibétBmehtst he 11&@1*& iSBRLBI(H. BE Y RP@IAY b¥&is cured in
and/ or evaporatlve nmet hods. I n these enbodi nents, not

plagprathetdkan remeved. nkal thessisnthadiments apt otz dees thafinerweb grerally

raS0BR LBk S Radiale Sl ARAHANAR sRERLE L b FORa

I men S a conmon
reridifigd pot enti al mhlle non- unlforn1y contacting (e.g
through the use of a patterned tool) a first side of a

In Some embodiments, the present disclosure is directed to apparatus and methods
that eliminate or modify a charge distribution on a moving web. In many embodiments,
the apparatus and methods of this disclosure provide a web that is net neutral. In these
embodiments, not only is the web net neutral, but generally is also dual-side neutral.

In accordance with this disclosure, the present apparatus and methods contact the
web to be neutralized with a liquid solvent that has a least some conductivity. The word
solvent is used to refer to a liquid which wets the web, and does not necessarily imply the
solvation of any particular chemical species. The solvent is brought into contact with both

sides of the web, usually simultaneously. The solvent could be applied by any suitable

means, such as immersion (e.g., dipping into a pool or bath), simultancous coating onto
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dielectric web which has an at |east weakly conducting
second side which is effectively grounded. The sol vent

WO g00vlg31sr enoved fromthe first side of the weRBCT/US2008/086982
enpl oyi ng nonevapor ative and/ or evaporative nethods.
In these enbodi nents, the final web generally has a
patterned charge distribution on the first side of the

botfesirlesy appbane wisks 08 Flotntsaturatebsipjuifancpuply te hpthisides éthg web,
) . . h ‘
o Ao Db bl e g S A Ol PL B 8 L RE TR o TP blyent i
thenebmgestedndl dridriedvengoyihg evapounatharamd @i npadet/ gron@d/c means. Non-
charge distribytion, but also has solidified naterj al
evip@ﬁaévmmﬁéhm{sanﬁ%#é b T FrY § A Bicp PGt ‘_Ml{g_gxﬁl it
squeded ERCIGHmbOe ZPPAE 84iHS o ARE sHRERO %dﬂtﬂﬁfa\l}g bl MkBRLE1y Okt least
noélfy a charge distribution on a noving b. I'n na%y
soreerb Hthic selvtst, couliebcappporativdy armoved tfhvoad theofclt, hnds the evaporation
di.scl psur rovide a web.that is net neutral. In.these ..
a5 GRS B TIRROLS ARG o0t i VopsBn B B - e BTSN Tesultng
weB8NB6tR hbdndufraBddund Wah-SidgcunaUbd@hs ddfihcabeRidance
with this disclosure, the present apparatus and o
met hboae prsticwatcnbivdiment, this dieclevan is dicoted| ta misthad of providing a
nol 4B AT, RS b SFOs T SR TR o
coildu@tiwepto WilEl sideest atb. MBS saflal Ye kiRdwing Web.sol vat i on

of any particular chemical species. The solvent is

br oliyiothaitparticy e sebodimant. s Hissloges ipdireotrd taep apparatus for
UL VST EPSRYSL: SRS ABANE D BRUL BB e
sudhi progs.imipn ce.,padk chirgbatdd)ficasbmutatiemediish mokidesgsource of

liqaR s ik gﬁ; a5t SO oty SpiR qpélg%éggdiﬁ?&%‘o%astta%%n, and the

meARRYREINGH, 2AsRfi Rl RN PEd @&B‘éj%ﬁ?taa&r&l t8fan V@RA(Ag QR Randling
the web Surface, etc. The solvent iIs then renoved
pragash. or dried, enpl oying evaporatative and/ or
non- evapor ati ve neans. Nonevaporative nethods incl udes
the use of a physical device such as a wick, air
kni fe, squeegee, RBitief Dé¢soriptionwétlet Disesps sonme of the

sol t..Addjtionally or alternately, at |east so of.

tne FEGH isaochonrt Hediediapdf atiever st bimgodel KR p@acking on
a fGRideand atsfra &VAREIAN BB opfFsitbgigenhanced by net hods

such as air convection, heating, etc. The preferred

r estil@i iy amshematicodvstration of e wabayiityeel cenddctiveadongiogent and a
eutbalizedh a%4defined bel ow. In one particul ar
SUSHESAM e RT °"t A% di scl osure is directed to a nethod of

Pr o¥i@i NG akch@HitiAillughas 8 @Bb ithelurodiiRd ¥BhdNRE Ve backing on
includes applying a liquid solvent with at |east sone

ong gideard # vurfapecbarBorn thy erpesist side, wath, thrpepasip sidayn plesa
prdﬁ)ﬁﬂtygo X\EII%Unded conductive element.

FIG. 4 is a graphical representation of the field at a bottom plate for a 0.05 mm /

0.002 inch (about 0.0508 mm) web with a grounded surface and a sinusoidal charge
distribution with mean zero, rms value of 10° C/m? and a period of 1.3 cm / 0.5 inches; the

web to plate distance is about 0.5 cm / 0.2 inches.
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I n anot her particul ar enbodi nent, this disclosure is

directed to an apparatus for providing a neutra
webapges7on a web. The apparatus includes web heemiUE2008/086982

equi pnent, such as rollers, nips, etc., and a charge

nodi fication station, which includes a source of

liquid solvent with at | east sone conductivity. The

chaF¥e. hisci grartuedl seprascatefion of digdicldye aattRBP i aggifwrption of
We'otto g af‘e n%’%%tg ﬁ é)@ 1¥1 / %)LUOthﬁicht \Qelp%ltﬁ%%ré%nd%g Igﬁ?acteoanag sinusoidal

process SCr
chetrge di's)rrmmtmg Sntlﬁlr&an]zer@ rlas saloe ol 0°0C/int’l ah:ldtarpaflbd) of 06 iaches.

graounded conducti backi on a fj rst
and F% waaa&f ?@fﬁ%@%ﬂta{l%ogglﬁ @qgﬁca@n 24803 mon | @8‘32 inch
web %ﬁf@%ﬂoﬁn&édl ?Faé@éﬂ@ﬁsﬂﬁso?da‘f‘@tpar%\é it RGP RS ‘?ﬁéa}{ezellros rms

conpon a surface charge on one si de.
valae o€ he&r@&i’anil lalpesiod af & 3ain £0.Swdrhes;tthe welgtoopladelistance is 0.001
(%pnductlve backi ng on one side and a surface charge on
opposite side, with the opposite side in close

Pr oXi@l 1% af Gaphi&d] prelR At GO IEHE n¥An gl BB BT theMi Rl adta Fiction of
a graphical representation of the field at a bottom

wep| It@p@tef gap far 8005 o/ 0.09200¢hes meh Witdbogroutd@izogaemyndyeb

sinffidif) AR AR W o e s R 58 10 LR porigd g7 1.3
cmd (PRfrchek. of 1.3 cn1/ 0.5 inches; the web to plate

di stance i s about 5cm/ 0.2 |nches FI G is a

gr apHy chis %S@b@@@@rﬁl&gm@mf@wﬁw@nﬁh@g gpnafatas v@éft ipglyfles a charge

mo?fgctggg%/ r{aﬂ&%&)&h tfhlsvﬁg)cl&%dé)l ate gap for a 0.05 nm

a grounded surface and a
Si NE8GI Vala change d:iag’ami diuiié wob wartdhingaaparzt@s asedrfoBsthe
val ue of 105 C/p2 and a period of 0.5 inches. FIG 6
EXW@pESSﬁﬁﬁégigﬂhpéb¥@§éﬁ¥at|on of the normal force on a

0. OpymM( 1sg Q%n‘u%@r i bu thGJd@I‘ Haidnplads S i AEANE Riving

si nusoi dal charge dIS ion wth nean zero, rmns
no vnaltrdizefiorl dmeCher2omnd a period of 1.3 cm/ 0.5 inches;

or i ot 2 s Pleu Rt DB T s O Il Bomai oSS Raving

beéﬂ Sdssbdamder 4 baslh@haPhudheR bhPard AédhveRbnhPiuatzQadp. MM
0.002 inches web with a grounded surface and a

S| nbi¥oildads 2 phetegecragrgph phuppwaerwiopted wekrirare thy, Examples having
beenaéalﬁ?edolfnd%p a stg{lé@rlgg,qllf%oé)e rellqu(qllxcz)efs, gﬁdSIRClq}I{ps.o 5 inches.

FIG. 13 is a photomicrograph of a powder coated web from the Examples having
been neutralized with isopropyl alcohol, in accordance with the present disclosure.

FIG. 14 is a graphical representation of the charge on a web from the Examples
having no neutralization done thereon.

FIG. 15 is a graphical representation of the charge on a web from the Examples
having been passed under a static string and nitrogen air knives and then wetted with
isopropyl alcohol.

FIG. 16 is a graphical representation of the charge on a web from the Examples
having been passed under a nuclear bar, with nitrogen air knives and IR heaters on, and

immersed in acetone.
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FIG 8 is a schematic diagram of a web handling

apparatus that includes a charge nodification system
W@ewonsi7ag to this disclosure. FIG 9 is a sCchROEUSIM08/086982

di agram of the web handl i ng apparatus used for the

Exanpl es described in this disclosure. FIG 10 is a

phot om crograph of a powder coated web fromthe

Exahi$¥-d9 inagrangicabrenemsentaionfitheoehagemen ¢ web diom theFgamples
1 t omi . . f
e bEs TR ALEL RR1GRR 10 AR O SR Lo, e
immenkéar adeeoncand a conventional quartz lanmp. FIG 12 is

a phot oni.crograph of a powder_. coated web fyaomthe
E_xaﬁ"(ﬁ-elg] ihaE 4Ry BEERTpHL LRy iibroriaseeging ped gaom fhg Examples
haxélh%?@&%s?édrunlﬂgﬂ FioleA B 3 | BIP it Fopd3 15 2

om crograph of a powder coated we romthe
Ex ahi$}.€9 ihagiaphichbepresentbtical dfzkelchwirgcon swpb dipyl the Examples

€ e AGFELRRTG oo ont or hd GG agnend
immche® if Agmdche Exanpl es having no neutralization done

thereon. FIG 15 is a graphical representati on of the
chaFl§e 26ns a guavbichl wes trdatBreafghechangsome Wisk dienpths Siedmples

under a static string and njtrogen air .kniv nd then
hayfle Pesa hadeet et aysyr B il R oy LT IR Ao i and
immepeesenpatid@n of the charge on a web fromthe

Exanpl es havi ng. been passed under a nuclear bar, with

ni t FSged 1ap graphicpbspepsentatpnidhe shargmon & wgb ifioreihs &gamples
= ' i.gal: t f
o FRERIREG bl | B PR BT CTETLR L Te Bt anc
immeged iratohuenkear bar, with nitrogen air knives and IR

heaters an, and.i rsed in acetone. FIG is. a
gr a}%}#-c% 1s ﬁgmpggé%queﬁat&n (?fﬁlée ARG %)Weé%\ﬂéfbthﬁ Famples

ha\tiﬂg bEXATRR AV Ab10S 5. RAGSEGo HAAEY kv AUGH §RheBRFs on, and
and wi ped with acetone. FIG 19 Ts a graphi cal

immeprcé el attcon of the charge on a web fromthe
i ¢ B i £ R P R ML e e Bt ARAD AL TRlcs
haV18P bédEpas§dd@ndéPa hiscléhr Bh RHhGRIro SRR EIGH st QR HehtetsltR, and
charge on a web from the Exanples
immersed in DI water and two splashes of isopropyl alcohol.

FIG. 24 is a graphical representation of the charge on a web from the Examples
having been passed under a nuclear bar, with nitrogen air knives and IR heaters on, and
immersed in saline (tap water with added table salt).

FIG. 25 is a graphical representation of the charge on a web from the Examples
having been passed under a nuclear bar, with nitrogen air knives and IR heaters on, and
immersed in DI water with fluorocarbon additive.

FIG. 26 is a graphical representation of the charge on a web from the Examples
having been passed under a nuclear bar, with nitrogen air knives and IR heaters on, and
immersed in ethanol.

FIG. 27 is a schematic diagram of a second web handling apparatus used for the

Examples described in this disclosure.
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havi ng been passed under a nuclear bar, with nitrogen

air knives and IR heaters on, and imersed in tap
wowRienss7Fl G 2 1 is a graphical representati onP@Ff/US1068/086982

charge on a web fromthe Exanples havi ng been passed

under a nuclear bar, with nitrogen air knives and IR

heaters on, and immersed in toluene. FIG 22 is a

gr apHP A is adlomechet ilpstepingf nagfeodofagcgeragng an gleptrostasin charge
' been passed under a nucl ear bar,

pa%mé}?ﬁﬁﬁ?{fgécgéﬁngﬁﬁgni ves and IR heaters on, and

I MEIG D s sthermicqrerspbttie A8 iilbusaramgpritst aperation of the method

Eﬂ;}gr.esg,gtﬁti on of the charge on a web fromthe
of eRpiviRe Hguid40 P RgHerals PBAlssed under a nucl ear bar, with

i t FRGefD RialschithaRhARICAR HERHIRIsH: Ondl BPEEESLoA R

DI wat er 1arailéctvvo s?l%?h%s of1 isopsr 8%612%&0% gil%? FI G ©
mephbdi of applymephjucdito 7 gatrcesentomt.i on of the charge on a

o O IS Rt R PR N eraprionor

FIGmo and i mersed in saline (tap water wth added table
salt). FIG 25 is a graphical representation of the
chafife. Bhisa sekdmdticarersphetivExaem lilbstraang agectodwf ppelsiag liquid to

a uerlld%[i a. elfli%i ar a’baartt m\{\{ilttlgopi trogen air knives and IR
dhe%ct of §5h Y ARd |Rm8rsegd 'n DI water with fluorocarbon
addiFtG V33 isfalsGhenZdici perpe@haphiew @hrttice I aetii@tht aetifd deplying

. charge on a web fromthe Exanpl es having been passed

ligyidde p diclenlids materighfromyg Ragteriiing 9gkn air kni ves and IR
hea 1, [ ' t | : ] .
sontrar1 o0 e sERO AR e ML ot Hetcelid Radiial oo

medsecd fnaests Hat xsngohdsctetescri bed in this

disclosure. FIG 28 is a.flow chart, jl]ustratjng ) .
et KiSd: B 1S g@%@:ﬂé@?@ﬁw%ﬁw&h@&&ermﬁ%l s P iplectric
maPBiafsihve] BatiGi g4 material . FIG 29 is a schematic

perspective viewillustrating a first operation of the
et h&@. I isapdodtyil mipcirogjati dehageepopentinbafiar merhtupmig thEld@lectric

bR BT, O of the. et hod of appl ying 11 qui d to a
pat FeG Mg atpdst of clebostdiclcHafzcthodGiaNS 4 SicRERRLALHM fter
view further illustrating the second operation of

stamping with a liquid coated patterning tool.

FIG. 38 is a schematic side block diagram illustrating a first operation of a method
of generating charge patterns.

FIG. 39 is a schematic side block diagram illustrating a second operation of the
method of generating charge patterns.

FIG. 40 is a schematic side block diagram illustrating a third operation of the
method of generating charge patterns.

FIG. 41 is a view of a stamping surface of the patterning tool used in some tests
that were conducted.

FIG. 42 is a photograph of the diclectric material after having been placed into
close proximity to toner particles during a test.

FIG. 43 is a photograph of the diclectric material after having been placed into

close proximity to toner particles during another text.
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FIG 30. FIG 32 is a schematic perspective view

illustrating a nethod of applying liquid to a
waele@begl7si ¢ material froma patterning tool. FPP@/USB0$/636982

a schematic perspective view further illustrating the

nmet hod of applying liquid to a dielectric materi al

froma patterning tool. FIG 34 is a plot of

el eHGo@k igtiphotogErPgof ;ﬁmtémomlorbﬁf the é}eéch mpterial shown in FIG.
43material as neasured in tests that were conducted.

FIG 35 is a plot of electrostatic charge potenti al

af t e1G it laghbwigrephtal Bi gliciemegifitationif etd ditlesthiowtérinl shown in

34. FIG 36 is a plot of electrostatic charge

Fl(go‘f‘%ntl al after recharging the dielectric materi al

showiGi 4y & ﬁho%%ra hloPa éﬁei dtdc AhallrRf 2 h%lfﬁgtb%&%l@&écﬁnto close

char ge potetla (?f a de 6F‘ectr|c material after
prasgaitp tnigne panticed dwrngchnotiat st pat t erning tool . FIG 38

mat i c, sid k dia |IIust t|n a first

oper K61 Db G oREAGh G G BRET AT ing CHarEe: Bat Bl e
dictdctpic Bfkelinl doSahe PRt i 45 Si de bl ock d| agram i I lustrating
a second operation of the method of generating charge

pat o is lalsalemallq ssdeebledhdingainglusteiéing lap clectticaepl dpmanating
frorn %h%§%etrdelt I (g%a eﬁg}corggtrﬁra}etlll l%?&%faﬁrifa ti K togd of

aes\ﬂ ew of a

St aFpd; N4y ﬁursﬁﬁéiﬂatﬁfmdeftﬂocﬂ@dlh@ﬁﬂﬂ 1[195tfa®1ﬁg abl$RAtricfi@®BManating
tests that were conducted. FIG 42 is phot ogr aph of
frophehagged lisgid orea ﬁﬁieémcanatamléwwgﬂ %@gor&etéw P¢saced into

CLOPFPIPR h AR SRAREIPALELA! AT flihb 3 cRchfScld EhGhating

3 is a photograp rlc teria
frohMar@dbﬁprd @l adetectri matehaislavpfgmhn‘d thickresd.oner

| d h t FI G 44 ot
o THOXHER BB E RGP "Oh & Qeiael<Eis et B (AT s of
thlE hﬁloé‘lﬁe afd f3intéP ohiSith Bﬂﬁ&lﬂ%@ﬁﬁ 11 atﬁbﬁ&ﬁ’lalms For a bet&er

magni f1 cation of the dielectric material shown in
undetstanding of the apparatus and methods of the disclosure, their advantages, their use

and objectives obtained by their use, reference should be made to the drawings and to the
accompanying description, in which there is illustrated and described preferred

embodiments according to the present disclosure.

Detailed Description

The present disclosure is directed to methods that provide an item that is dual-side
neutral or bipolar neutral (not just net neutral), and preferably, an item that has both
surfaces neutral. Examples of materials for the items to be neutralized according to this
disclosure include dielectric materials (e.g., polyester, polyethylene, polypropylene),
cloths (e.g. nylon), papers, laminates, glass, and the like. The items may include a
conductive layer or an antistatic layer. The surface to be neutralized may have regions
that are insulating, antistatic and/or conductive; these regions may be purposely intended
or not. The apparatus and methods of this disclosure are particularly suited for items that
include a dielectric material. In some embodiments, the item is a web. By use of the term

"web" herein, what is intended is a web of sheet stock, having an extended length (e.g.,
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FIG 46 is a photograph of a dielectric material after
havi ng been placed into close proximty to toner
w@200viogd7es during another test. FIG 47 is a pPOL/Os085$086982
at higher magnification of a single toner trace of the
dielectric material shown in FIG 46. FIG 48 is a
schemati ¢ side bl ock dia%ran1illustrating an electric

grepios thandnmnatuip By groatsiihend Ogedndiodign grester ahagi 0get, pivadth (e.g.,
inal I.RY j ickne S
b2 O L e T P D0 ity o 300
miéroalectremium athiengmbodimeats athg edml is g disdreaanomindivedvatitem crather than
mat eri al having a second thickness. Fl 50 is a
an §§tﬁ’éﬁi@ﬁ%gt§-i fer pegwKe: aisg@qt aRPigq Q}C&%l%‘?a}?ﬂﬁg]&rha@ &&trlgngth of
O.Sfrhgtlelda ﬁﬁftl'l 8805 rn‘i’egétg %E%@t‘é ifehfd lfhé%l e gfaﬁ&lcfr'h%ve a three-
material having a third thickness. "These and vari ous
din¢risemalf tepogragsy. whi ch characteri ze t he apparatus and
met hods of. ﬁhis.F%ECIOSQre.are Pointe out With.d
par PPOHCAF XA YA AP R AU HEHRIY SR TS KROYD &P gy idg means to
attMAGRILS b et RluttaliSeARIRAMRE rﬁé%tﬁﬁlge BRIBaES fRld, beasured with a
di scl osure, their advantages, their use and objectives
combytoaistiéid nifertih sdbstansielly fosfee thandewshioitiadly beromislge thegnitisbcharge
o LR PO DB R RGTRRLH PR BST51 Bl s tthsle
enbedi sRnipte, AGLEY idiafecspant With RS SIHal duFedeQsrg. distribution of
Det ai | ed Description The present disclosure is

megp zeiet HPktYdeds mertispatiplaterigd ot WHl kayeiatfisld abpxe of elow the web

. - Sj r r+: bi: r L (mot .
8 80 U e 0 B UL S B B 0t
be acutfaodsn neaturad by Exanp hescrdbcamal edistah& dfaevdrhlepcriodsneX,) away

to_be neytralized according to this disclosure include
frog] P 8eeDr 15¢ mbéwﬂa?wgea(ré{e@tﬂﬁ yen @@gg%%, ash] ERs Al surface

chﬁgéxﬁ§%e>qhﬁ@ﬁa}ge.cl oths (e.g. nylon), papers,
'am nates, glass, and the like. The itens may include

a cdhdwecté meny ather sitratiams witre 8 tvabi can lapyear fo Hhecusnal fhere
to be neutrali,zed .have regi,ons, that are .
meh S 2 s BT S S e B BN Epiad gharee
distreiitions THBY JAgrge WidesRloys bitf @RGEE:BEts NPlveb-BAR processes such as
apparatus and met hods of this disclosure are

cogimgtand drang.yand girpetbod smepdadrfer pevdralizing [thage charge distributions to a
i el i terial . 4 1E., € i;nent s ' '
o] GBS TR B ARTRE G BRSE e

distrithiugiogdehubtshehcvebliRl ishagictish 6€the phatebN@.Aninexpedtdeshting and
l.ength (e.g.,greater than 1m usually greater than_ 10
dryfipg mgthods) BtehiabL{e & co#EE spbiion filny copnprsHiqne cepstruction and

thiaﬁlteg% Qhd gleﬁﬁdrt%utlﬁ Rfdl in (ﬁ%gtb(% 'Y %§%§1§, {nflerciaPnditiPzers are
mcroneters, e.g., up to

sufficient for eliminating arcing defects, but not for eliminating some coating and drying
defects. The methodology of this disclosure is targeted at eliminating or modifying charge
distributions such that coating and/or drying defects are reduced, and/or web cleanliness is
enhanced. Additionally, by neutralization of the undesirable charge distribution on the

item, downstream equipment that includes tight clearance can be readily used. For

example, such a neutralized item has less of a tendency to touchdown, for example, in a

gap dryer.
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m croneters). In other enbodinents, the itemis a
di screte or individual item rather than an extended

wo eqogss7sFor exanpl e, a sheet or page of mat erP@l/Usi00$1086982
have e.g., a length of 0.5 neter and a width of 0.5
meter. Discrete itens may be general planar or have a

t hreedi nensi onal topograph Corrmsr cially-avail abl e )
neutt BY§ JRIETRSIPDs y@tr@ﬁ%wa m}%v‘gfﬂge maaéssipgle side
chaﬁ;gé a' “%}g #kﬁ?%é’?\?vﬁ%t{]? dﬁd& ﬁ‘!uj 5g§grﬂeg‘8ﬁs ?lﬁg%lecmc web. Net

cheﬁrgatsl defimed &y the Splsaﬂélﬁtchﬁltgb pkt 1ymt aeeon b lkdahedtiic wals as mferred from

umlgg %téjleglrwqt% t9 %@é%ﬂ”&tﬁ ﬂ*'en%?ab i %&naﬁé T (i8B! Rtagr objects).
Th? ?hﬂ Bet%&?th%%&tﬁ‘&@ﬂ d \%1?15 (%all_'lgl fabb bénciits dut N2%cm - 5

eespan wth a sinusoidal e charge distribution
cm()f The statlczmlemsuran@it nhusdﬁatamedasl d fepmaivn af theeshige digribwionlover

| d above or. below th b n fro
Pt siceo R MBSt ot i ey St §1 difeter on
thet di@erv¥anWhdh. BRRA& e R ab@edatihisahapRakoTBRsdA @dja 18 charge.
static meter |ocated a distance of several periods (X

“N)zt @nﬁyhza’a@  thhers v the rqdustige bf melmagappé%wf neéoharad, ospelar
e t ual ns val u
ey ) G AT B s B len B B g T ofFhats
dlswaﬁu@ﬁ @vaane gfotlsxcAcane werr@\kzhemqufw ITRlanﬂheﬁ‘dha}Msbﬂiie average of the
standard el ectrostatic sensors, and _yet have a

chagge distihutian oxeidhgepaipize pres it losh . Thendayso la?fgége distribution
de%b@%& LR O &%Hlf%@ Eﬁeﬁ}f Qs%%ﬁ{#:ﬁ fot nﬁé&? Eogéllﬁrg&lﬁg% gg gﬁefpgflod of

as coatlng an yi ng,
thendsttibatiorzwagmitteserieheiag ehedipst sizddinimores. to a | evel

such_ that defects are reduced or elimnate | evel
to v\ﬁﬁlg% - r%?ﬁé%f&@ apPU PR, CHAIEE HRSWHL e B&GHG(P rom using a

fie B VB R eled tPmEMDEL th FicRf abbb@ opfhg %a%ﬁtlgleofg)ne shifR® of the
speed, coating and drying neth terials

- 9.
web mdn]ertge stbbusurfang of the mebospd) scpelnt tmrpr pz:cfn@tbtymnactmg\a (grounded

copdiisfas! TR bt A P EiR Heldrpelp e aPEmERY abd i N e f Wsually

0.4, O'ﬂﬂmﬁﬁét&@ Fhe kiabc dRhaEERent IMls SHindOKk aGhhdton @ itidcharge
some coating and dryi ng defects. The net hodol ogy of

distriftugionioxen the sipad sizs of thegaeasurieg prebe.ilriel isrfypigplly an arca with
dlagﬁeg&} gaiﬂ' tﬁ?gtlcdﬂrg 5%6 gil e{er.b%t éhgg% Cdzsg? ng%ogl?%arlt r\%%tltls 910 substantial

ClS arere

netcdheaR| bite®ss fesule imandsdntiAddigld-gidakharge, By sometimes referred to a
neutralization of the undesirable charge distribution

"bigpplanrdareedhgtribigionst reahceile nshsakizefinat S 'W&%é%lal{gieg ht
oL AIATE S B, K38k 93P BB S SR o
chdrge oexargpl &\ lownsiagle-side charge measurement does not 1rnply that the charge
distribution over the spot size area is everywhere low, but rather some average of the
charge distribution over the spot size area is low. The sinusoidal charge distribution
described above would appear to have a low single-side or bipolar charge if the period of
the distribution was much shorter than the spot size diameter of the measuring device.

As another simple example of bi-polar charge, consider a dielectric web with a

uniform charge distribution, qs, on one surface and a uniform charge distribution, -qs, on

the opposite surface. In free span, the net charge or polar charge measurement would be
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gap dryer.In this description, we refer to "net

charge", or "polar charge", and "single side charge",
w@eo0vbsypel ar charge”, when di scussing charge PCT/US2008/086982

di stributions on dielectric web. Net charge is defined

as the apparent charge per unit area on a dielectric

web as inferred fromusing a f eldneter to neasure
zerpj(Becgusd tha sy ef fhegop ﬁncbbw?% chyanisery). fThe mnglerhéde charge

metggg?r% )Wou-[ggleg?%tkg? t s Egﬁﬁs %Eétgiﬂﬁd&?&fg{?h ?ﬂfg Vy%%la{ng)%d down on
a gidhumdsd abjleﬁt meaammenm tnetittalzcowbald hade hﬁleambam@hltbl@ bdpolar

t he cf\%\rge di butl ontwgver the spot size of the
chirga s thych lrs X/%ﬁté‘ﬁu uld typically be an area with

di ags%taﬁ&hgpepga%l? of rlg$ ar Qﬁhrg@&:@tnbﬁﬁgn BRG an@@oc'%{tﬁq

inthis way Is erred to as polar charge.
smnmjﬂarlahargathsmbutlbefveﬁ& fian-tdre ncealygk )=osia2 dxI?e,)+qs, on one
ni tude of net char or polar charge, on a web, A
Sunfm aﬁé@ Cgﬁf&F grtiRusion o nﬁ@ft) op Heonpsits %1%96 t Hdle nqigharge
me‘ém&g tqh %ﬁer fr&uslplaﬁ iy &Yﬁ)ﬁmé&]ﬁ 1§?9Ep§t'sizz% vﬁ[lle@aﬂnéter cater than
ever ywher e rather that some aver age of the
sex@l’ed@@,gthdlveibrwﬁmppw tohiave Itdwmbsqamtualsmeizcﬁlaageea% smg]ee&mie charge

The si nusoi da e distribution. de be
eGP ACHAR T Bt Ed Aine 3P A S Ol T e Ih R fral X, would
yiebd&iEe +4f ot e RBEAREL & whits sdisdd WAUIAQA agaﬁstrm@ Qrounded

shorter than the spot size dianeter. "Single-sid
objshiarlfe singe-sidremappeaneant sqahamge pprérmmdu usingraespof meedua@@ter much
ter 0. Teas
sm]aflermaan Ej\%lée s&rrlustohcgfreat{l n(}%%ff S%$le 81(% harlgfe (P ? {eﬁgaﬁ V\%b

Whi |ag yiehgnodiidi %&arﬁpll%foa@%qﬁﬂartthrg\é@lliBtﬂllSJtﬁﬂj @;ﬁﬁmter 4 ebfvith a
prefer abl(%ﬁé contacting a grounded conductor. The
Il

rardemygbergerdieributindi) en ope side prdreR @ oarke ether sikdh The first and
SGC%Hg%ﬁO?Igeﬁ%‘i f{ﬁ(ﬁzl:&%e e|5[r016 ?‘{Q,H ésl, &E&ﬁ IRI wg]% ﬁ&@g&r%t%d over a spot

sizd X5t Hitheihétahageenicabitemspoh tiss e Qfan tisyeerfeeasduking a spot size with
[ nmeter on

b h I th di
it i oS ahe b wIRGREHOLERT BOCHORE Hier chatce. A
singRSYd cchair rﬂ@asﬁféﬁ%ﬁwah%lerfﬂﬁﬁe&ﬂﬂ{ spoPbite AGi RS fuch

'n a substanti al SlngESldecare |SSOFTEt|rTES
larg@‘ftbatrﬁdwtmidané'l&acpnﬂtmt sigher gde Qhasger rkqmn—(qn depending on which

surbioresriat st et i tap Eded Wisst It adufie g e Sment scan were
peT&@HdtdER DfpobiindiiamStcd eneh 3h@ReiAhaPXD AhSFan8HAMIRIrOBf the
web. A | ow si ngl e-side charge neasurement does not

singlepslige thlsge word @hé‘?‘@éledi stri but | on over the spot size
ar e%n 1ng1 Y Fﬂ%é%‘{ glﬁ tricrw?qqnlé cgn c?' D({T%IaFlégrl'lglgIeﬁhzed’tll%%oth the

char ge ove | ze

netTdmarg&lda pe i diadrg6 had ge digle-idoehigp oflBipelar bRAga@Mavebeen reduced
ul.d appear_to have a | ow singl e-side or hipolar
to %ﬁ%ﬁlr@ble,l@vql hiojsdhatdhe ‘@fms "net charge" and "single-side charge" are defined

through electrostatic measurements, and do not imply nor require knowledge of the
particular locations or magnitudes of the actual charge distributions. The charge
distributions may exist on the surface of the dielectric or be internal to the dielectric or
both. More sensitive electrostatic sensing probes (e.g. atomic force microscopy probes)

than those mentioned above (with smaller spot sizes than mentioned above) may be used
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the distribution was nmuch shorter than the spot size
di aneter of the neasuring device. As another sinple
wex@apsesof bi-pol ar charge, consider a di el ece€T/US200$086982
with a uniformcharge distribution, gs, on one surface
and a uni formcharge distribution, -qgqs, on the
osite surface. In free span, the net charge or

opp . , .
to éiraret elvager Nt sheasend siele-sldp ebagdor hpelauehrghat Hignlength
i e is zero). The single side
Sa%%%§§§m§@g§ﬁ?g%§%%&§g%?gaégéId either - gs or +gs,
MdegaBridsdithed in i ddrusicdepromislc fbrathe ebdaonen @ibosh polatndedpolar
object. A commercial neutralj.zer | d have little
chargp ar tvebhat st op fheggneih S@%ea*r%@}lssgﬁ%%e, RRnFlydiggsgadlgr length
t ; I '
R R A e R L R R R
equpsent. Blciterm \wctiralazanon™ deas mohmagny that all charge has been completely

.p( x) =Assji n( 2px/ Xp).+gs, on one, surface and a charge
ClEH e B o D) XDl T Lihieagatcs gl fields too
welRto 68E BT iR MBNExdnih1¢,HeIdub R R R8s b&nBFA&Q thBCkssentially
using a spot size with dianeter greater than severa
wepens ttheexigrbahiidld toaplomelrthatdringy defners snib 9n apdciptablarenge, or that,
charae. .,Asi ngl e si char.ge asurenent.. scan. .
oA AR LN ORGSR R Hgn s o cnouen
so HRY e¢fatts Xpoviated dvih @k driginhheipotflsSh@ge dis@ibutileRBrRbedYreduced
on which surface was pl aced agai nst the grounded
or gljpwated. | f a singl e-si de measurement scan were
per ' . h.ZE:d] q I
o AP EAEAR0 Rl AT ATBLERADIGI SR ok
chavpell ¢l , lbe thicepBad sdt. Wisb ¥ @ff FEGOL hra fipsediid € and aophioeié sdcond
charge distribution, consider a web with a random
side Bavigea diiddnesduthicmbeR{och. Silednie gaiutddedndch &R(by) angrsutthisde
ot her side. The first d second nonments of. R(x o
clegishy ba g ppagloa?fﬁ%l?f?%%éi?%e\PéWr,nﬂm A Wrﬁoeémga side 6.
In MR Pﬁ)c§§%9§, sile %8s Brounliéd 1HQoREE &ﬂ?@é@ﬁ}gtﬂ@tﬁ L& B Mantfing
the tree span is performed using a spot size with '
pragicssratcdras murekh thataageundésannXeme tehbodmienid, He grpwetmg ofoside 6
e no substantial. net. char.ge. i ngle-side char
cotl B8 PR EEL R Coilind S e Ry TR PR R s o weo
5igg@g@b§{ much larger than Xs would yield a constant
singl e side charge, +gs or - gs, depending on which
surface was pl aced ﬁgﬁLpéqsthe grounded object. If a )
si ngl e-si de nmeasurenent ggan were perforned using a
spot size diameter nuch srmal l er than Xs, the random
nat whercOf  Lite ¢ Sdrd el Stdlep &g Ry WoRbEsfage LAY RMERG peittivity
initially charged dielectric web is considered
of thduadb; Bdsplectivelyt Fat isokild wéb hahdeclebieiciield @hadg@ecbs is zero, while

pol ar charge, and the single-side charge or bipol ar
theqhegtigeicld Absdebe fvebdsigivew by:

E,=——L @)
&E

o

As an example, for a case with surface charge ¢, =107 C/m?, £=5 and
b =0.002 inch (about 0.051 mm), the potential at side 8 in free spanis ¢, =11.5 V, and
the field within web 5 is £, =226kV/m. The voltage of web 5 as measured with a

fieldmeter at a 1 inch (about 25 mm) gap is 11.5 V. Since the field outside the isolated
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to a desirable level. Note that the terns "net charge”

and "singl e-side charge" are defined through
W@Lb@ensost ati ¢ measurenents, and do not inply POI/US2008/086982

requi re knowl edge of the particular |ocations or

magni tudes of the actual charge distributions. The

charge distributions may exi st on the surface of the
webjierde ey¢rEwherchgandarkngiializigg drece wowe hayevaey lightimpact on the

sitive electrostatic sensing probes (e.g.

angg%%P%%?brce m croscopy probes) than those nentioned

abo V&G ( Waridnths amdot tedsiaussorzgove Iimjmstrmietdeqnﬁdlpa:b@mmle of a

.may be usedto infer net char | ar charge, an
blpg?% gF@gg AaRutigp Jiet 6ot B 315 H%Ht zeyysIRg GRIRMELCHA) jqpizers.
Iso?aﬁ@d N gﬁcﬂ%‘ﬂi P&, 9hak BE RN 'eXieh}ﬁl %Eeg‘gecﬁ@é HO8Sng

descri In this docunent provide for t reducti on
gramdébomsigoba Coamlerbuabmhmng:ttmtrgbzam swahss thosel desrgssedmn the

the le th scal dISC above nc
BagEpyel TSR EF Sod PReSHRBT orag" Hoingne aieHaEddiveb o pull in
iord gbekduahliatidf] B%c%ttlﬁa@@'@rﬂi) Rl @eieant RlikSlaBIRYIBNBRY in FIG. 1,
equi pnrent. The term "neutralization" does not inply
commgtciallipnizing mgetraia@tumeéém@(mm et effgctole atiredac mg, whag may be a

solb R Ryl KHRERY S, R QAo B S iiebipetr choree
diseibutioas thaf @mneXsiehdily weuttaliidasiny@mmiésiab@akefsOrmednethods
that essentially weakens the external field to a |evel
degcrifed mﬁlwgisscaew&qa@ bensesd f@ﬂl@&&@é@trﬁ%ﬂyaﬂplalﬁ@éﬂc Bipotap gharge
| ar
o B b, LR ASERL i SR 0 R
nmﬁﬁﬁﬂﬁ@ﬁkedemnth t he ori gi nal blpolar charge

di st n have.been red d or .eljmnated. F
il a o Ves%tv%\tf%ldwm%ﬁf@% RvhiselllystEigicret e @@nan%ﬂounded

51d@ M‘Ff@ r2mw%H nbagga FRakeR. l2%d an %Bp(gsji‘t% sOLRALi Rl [deyith'é Ehlckness
1 has a first side 6 ahd an opposite second

b tﬁdrél&t'&eéml. tHoran thérlagsasbwhber gbet owem’, Hedgaghitude of the
grounded, such as by any suitable elenent that can be
clepowi fldldowside 0f sofatddovent( ¥y 56b d3Emmvenyiwhietey atdthervoltage of web

1039 Blose Wi adtsiacter dib Ot (BN G e h- Pl Fop s

SitABAEHS ficRMHsi@Swab 10kd very E‘t%ng’ %&E&Hﬂﬂgﬁﬁrl nbhtra32BR could be
enbodi ments, the grounding of side 6 could be via a

usaﬂdnduhﬁtant@lly@attnqugabze thayfeqb of the web itself. The

P pe Rt Bz, For Heinfé, Qlrtal® Bl g ke Nstgrtal fvfhgg) of a 0.002

1nc$1F(@l§‘<ﬁ1t 81d 1 irh RtHidkew Bt fvith tat dovttiitive fsidelie. gWab in FIG. 1) is more than 3
respectively. For isolated web 5, the electric field

ordsy &fi raeenieBae Bwes thearfer thiispsecof a 0. ()02 inch (about 0.051 mm) web without
a conductive side (e.g., as in FIG. 3). This is true even though both webs have substantial

charge distributions.

Referring now to FIG. 3, an example is provided where a web with a grounded side
is placed a distance a above a grounded element, such as a conductive plate. In use, the
charge on the web is split between the two grounded elements. In FIG. 3, web 15 having a
grounded first side 16, an opposite second side 18 and a distance b there between is
illustrated. Second side 18 is distance a above a grounded element 20. The electric field

in the gap beneath web 15 (i.e., between side 18 and plate 20) is given by:
18
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the electric field inside the web is given by: = - -

(2) As an exanple, for a case with surface charge gs
WE1®988Z5n2, e =5 and b =0.002 i nch (about 0. O0BCT/USIUPS/086982

the potential at side 8 in free span is fs = 11.5 V,

and the field within web 5 is Ew =226kV/ m The vol t age

of web 5 as neasured with a fieldnmeter at a 1 inch

(about 25 M) gapEis 1.5 VigSince the field outside 3)

the isol at edweb i's: zel g eye ymhere standard

neutralizing devices woul d have very little inpact on

the surface charge. FIG 1 and the associ ated

di scussi on above js just gne very sinple exanple of a
angthsSegtricIoaFgReT angﬁﬁa@atwe&ﬁlﬁgwee&anot be readily

neutralized u3|ng co rcigl jonizers. Isolated web 5

shown in FIG 1 Eﬁeble d9d i nes external to web 5 (4)

because of being @ro degk oressi de 6. Commer ci al

ioni zing neutralizers, such as those discussed in the

Background, rely on the field enanating from or

neutPIra gl RaRE SeB e el v HBdoup arauRl g0 g i

"ele&At @f@ﬁirwllﬁmﬁfé@%fhs'tﬂe Flflectoas&OMRhS ba « bestnddsNrge
neutralization devices are not effective at reducing

compared ﬁﬁiyelb thigkngsiys tthhiores of @keactien snll wenyosch zero. As the gap a

be %‘és Shl%. Hﬁ e{tji?c? gv%g%l{i gkriggc antﬁ%) Foerée d;gi a?éya \pf.llpa%lp%ach that of a

arge
neutrallzed usi ng COﬁﬂE@@I i oni zers. The nethods

welggthoube doriductiyd aclingct -fsu r Eordhﬁ premgteetigiven shaye imtheze
many probl ematic bipol ar®echarge distributions that

dls‘él?s%g\)n ofkfff ranc% t g%ve%sllﬁgts%onﬂggre%fa%l a]b? R/evﬁg g’ve¥ the

neu I'ZI ig devi ceés

lin it gt ok ¢ 0BT a\wratdnoE kdDotthm phtct Qaldousfefraa Sasl' pmbng/\fotr&"m 5.65
Eounded side. In FIG 2, web 10 has a first side 12
%tlnd Farthesmptss fheeollegsitadian @6 wel IniviH inerease drpasbiswiih surface

ch@ﬁ,&fﬁptﬁtﬁ%ﬁg of itfac@h \?ﬁ?]ﬁ@k@% ﬁlsd?icw 19?3 gmé e)f;arnple of

e magni tude o trlc
maing Gltedteas whbrelOnansindlGh " de\frah” @Wﬁér(yy\imeawreda\nﬂih H lﬁeldmeter atal

. | t f b d th f el dnet
inch b 25 B Bl oo 9Bhe Chyee Ehrsofs Gugansahe gisds due
to thi\echat&l dAn%Wesds@%ampr%glehﬁ i @&Mm%t ﬁrgﬂ% waB%andling and

commerci al "neutralizers coul be uUsed to substantlally
clengliness ulforaxmplet thicse elediric fdm:@ dahdgad t6 ondeskrebls alimectionality of

W%Lirégggs?ﬂ%ﬂﬂt g%@ﬁ: heg) lgg{i&ﬁ?ﬁedﬂﬂ. nt LAl r{(M\{}f h)t %gel)lde% obJects It is
alsé WAUGLIWEh&IfRR] (nBerfhces & B bubltbntially disurbed By tHeadtidn of electric
fields, and these disturbances can lead to product defects in coated materials. See, for
example, J. R. Melcher and G. 1. Taylor, "Annual Review of Fluid Mechanics", 1969: 111-
146; D. A. Saville, "Annual Review of Fluid Mechanics", January 1997, Vol. 29, 27-64;
and "Coating & Drying Defects", Gutoff and Cohen, Wiley, NY, 1995.

There exist many other forms of bipolar charge distributions that are not readily
neutralized using commercial neutralizers or ionizers. Consider for example, an isolated
web with a grounded backing on one side and a sinusoidal bipolar charge distribution with

mean zero and rms value g,
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orders of magnitude |ower than for the case of a 0.002
i nch (about 0.051 nmm) web without a conductive side

W@ e00g/085785 in FIG 3). This is true even thoughChUs1908/086982
webs have substantial charge distributions. Referring
nowto FIG 3, an exanple is provided where a web wth
a grounded side is placed a distance a above a
grounded el ement, such g@s. a2genductive plate. In use,
the charge on t HEXWEH: S@»g;r bet ween t he two )
grounded el enents. In FIG *3,° web 15 having a grounded
first side 16, an opposite second side 18 and a
di stance b there between is illustrated. Second side

on 118 otberdiidet dive eved thblness an greaudated A be heger, tBO ficllielow the

. electric. fi d.in the.gap beneat 1 i .e )

isofaluih Tieh b v b 52 Re B TN &g T B Sgeinickpess is

de@b£el bblow! Bl 88 RET c:Uftinhl B1tERAwEH d1E Bff Hork $apglilye FoP¥olated webs
Equation 4 indicates that web 15 will be attracted to

witgraghivdingsis atcouplp of arvigrs ¢finsagnetude smaléer praasuthe field isimainly
corlffrl]r{:ergewai Sn fie ! fg)ee{n%%\g\% glee Le?ccqin%ﬁ t%% v& rﬂ)ﬁlg %?rgrr\%eea%g UV Sonsider the

alge comnpar nes

sitwdtioh adick O gttiuhlic deRREOABR plE & plARdliBstgaR avwas s $he
smal | conpared to web thickness b, the force per unit

dielgetric sidle of the prebablie nateel exmpengatehthe fieldiet hedwianiclptgds shown

: i Qs o - Lt _Qi Mar i thee.

in ERE Bt cip of e O3 REYTERECS U (B BRASil sin

Evoi atahisylarkd ghp ¥ wloiheokarss ritie the fieltiimthefgapdeinahe kV/m range. In
ttraction to bottom pla 20 (also.referred to a N

F1§p4 ol Gy Zetgy g valug s%ﬁve_ arge dr{THRBrEs 14l to g? 10%5 C/m’

and Ml RQEid @@g'itﬁgit b W Rveh v thiteni (HBE 8RS Bindek @l@a@%lf lﬁle\’éﬂitt iR the gap.

surface charge, but the force of attraction w
The nkecemskepamativiay oCal vys takdinicsbd thatj afstvaomenexanpl e of

read et HeRa e Gt BF Rane c4mpriatit pEise slSRis Ay e
grdlBdd Slamehraie fHhRRnaITighplistnas 8 thd fhss B eB kHitlalesA9,005in
the fields due to this charge can give rise can to

angpgiidetis= 9-Aine daendgG. aryisrsgen thebqwterargerigldsrsgn be achieved for
cl eanl.j ness. .For. exampl.e, these eleciri.c forcgs can .
eofeg S bR FRAERD Clpd s T 60 il R s i
FIGNEL & VER.d asihl Lifipfy; poximty to
gro%nd%%ﬁgbjegggpgltb%ggh sohmgﬁbﬁiﬁ%&g-that fluid
I nt Sirhdwras tlcansbef substaansurfict yhatps tiscused! tnyredpeet to FIG. 1,
action 8 | ectr

.of ic fields, and these disturbances can
thef g purita) cBEe st i St dearpls GlhiSdE coighe, web
hafHRABPHS inghnd cRanlBlsSNes: AafhpR, FIG: 6 W sQhe no¥MM¥&te per unit
Reviiew of Fluid Mechanics™, "1969: 111- 146; D. A
are84oriniaé corpensotdf tRe viceticotres| tansorchkmingle wel) donragap one
ordégfg)glinﬁg\gltﬁ I eé%ﬁg%rﬁl%? }hgsxl;]e% %E%Sslé Egd %u?ro}/&e?gmggrgiﬁl%te Smialler than
the period of the charge distribution. FIG. 7 shows the magnitude of the average normal
component of the electric stress on the web as a function of gap for the case of web
thickness = 0.005in and period X; = 0.5in.
In order to keep the calculations simple, the theoretical examples discussed above
are for a web with a grounded backing on one side and a surface charge distribution on the
other side. In practice, the bipolar charge distributions may be present on one or both

surface of, or internal to, a diclectric material.
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There exi st many other forns of bipolar charge

distributions that are not readily neutralized using
w@oweesusrel neutralizers or ionizers. Consi derP¢DUS2008/086982

exanpl e, an isolated web with a grounded backi ng on

one side and a sinusoidal bipolar charge distribution

with nean zero_and rns val ue gs, on the other side. For

web 11 picordsass wish tip diselogee. drsas r@@dlﬁa%t@@rof thenwelf paa) g
s L Bl PPy B M B A LSBT S,
sin{dtantdslyf, bed ther xérnoviag aﬁdjort dreingehe shlesitof f nore

rapi For. solat d webs with a thjckness a co
of Jﬂaﬁﬂ@ dgpishe ﬁa%t%leﬁmeér thﬁuﬁ&b%e pReasinglp mggmmerswn

(e.ggﬂl hiﬁgqm&f 'ﬂzﬁ)‘fjo%a{tm gﬁa&ﬁ%@%b d?ert%aﬁﬁg Khif€lefat ? I%I([) ﬂﬁbymg,

web I's very w-consi der_the situ
app]/ymgesataraged)wm&s dr clothd te bq')t\hemq@ls af theiveehp hlzsogrtioa/adseptoc er
he di e.of the .. The nor nal
coRisa of VBRorRts ek St el arh st Srel By € SnD e oee,
pre%ér@olg"ootlf QU fab B afeavepRitcld a8@ l@orftmglogﬁy RovadEdPby tHealgnes s
5in and period Xs =0.5in. Even at this |arge gap
t o Weisr epplskines sha laquid s thererchiceicd and{OI &reedg alpiplosnngmmh@ratatwe
thro FI G e val
andf it SOt vt picph, Yook ek kol e st B fpt g s
detibesiehag ik, parkiife! qtictdecOdtc ttbecmee Magast e oftthe Bvent.
five times that of the air in the ap. The el ectri cal

Adéémﬁltly pr/altaynagely st deapfaspnedhe sadv CQIHdtbe@VaI&r%taV@buriﬁnoved

oo B g R . Bl S3A T COBp APl

hedtingettc oMhoprofapeddicsitltamec @ch orbotlinectaasealdied wad dudiistdenesgalized,
:%I_O. Oggi n and period Xs =0.5in. FromFIG 5, it is
as defied@Raye quite large fiel ds can be achieved for gaps

mor &, LRDABBMARL, @k 11EIH1Q% Bﬂg%&hﬁaﬁlg%m&fz@n sﬁéﬂeas‘%?t%emovmg

t hi ckness. The rns val ues In can be conver
ong¢ or pewkconstituergs bﬁ/thmlnlqtudp#d}dlenlga\blyg vize or 18omei doastittents drethe web.

case f .a const . face char d| scussed ,in respec
Fof GRags: i SO SR BoU M oRan L Aisrgiss aver Prgad B AES sy 1
de@#edOthk 88 chtQah BE @ShéR A vehiRIth8dr§latdstHRMch M anWR&ains the charges
and| Ing, drying and cl eanliness. For example, FIG 6

on :ﬂm&fa@mf the dirddctriomeisriple rElggtran l@ﬂ@ara(hnb@wn Reorspd Fresedidify
t
the acayll«i]t% gglé)?% Er)rgéef?er glie r%ﬁl%vale ﬁl% })i(ilm{i ?(glv-g it Ina rﬁ(ﬂﬁer\l&ixﬁ)odgnent, the

liqtildiis k e saradtwbau inde ﬁﬁicﬁblﬁﬁgﬁlﬂdﬁ udefirsia theliqiilanastaelatively
period of the charge distribution. FIG 7 shows the

hlgli*ﬁngﬁPPH gesyre.tHuleassparskofibe Havids binsoisitivelyflowprevapor pressure.
ThE'f E‘i&th hﬁl is %ern?&%dq’) etVElﬁoeSS _?% glgg)%ﬂﬁlh'tgyseggncgg@&go The second

se of web t n and perio
hqmﬂ iSthen cured to a solid if desired. An example of the first liquid is toluene and an

example of the second liquid is transformer oil.

In some embodiments, the liquids suitable for modifying web charge in accordance
with this disclosure are generally either organic solvents or alcohols that have a
conductivity of at least about 1 x 10° pS/m) and no more than about 1 x 10° pS/m. The
conductivity of a material indicates how well charge flows through the material.

Generally, although water (i.c., distilled water, tap water, salt water, etc.) has a
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In order to keep the cal culations sinple, the

theoretical exanples discussed above are for a web
wowRab/0ss7gr ounded backi ng on one side and a surPEDES2008/086982

charge distribution on the other side. In practice,

t he bi polar charge distributions may be present on one

or both surface of, or internal to, a dielectric

congrctyitnlevelnvidue oF glap e thp ﬂ@ﬁuteﬁur@lg@» %ﬂebgvair tound pat igde a

i shed by
%dal%:?ﬁy&%g B P HAP R GIIRARIR. | o' qui d
S 0 | Thatolverss ahitapl esformiot Hpmg wsdbychagyedn htt&indefneﬂmmhn@ls dlsclosure
and/ or dry | t he solvena The quU|d m ght be ap

usgalyiRee pdls! GRS RfablastAPRRS | Hidh nnf ¢ h%ﬁmf 0 ®fh some
e Sdlﬂlentsd{hgghﬂz%lé [Qerfts RARIa AEIBRE RdnstGRBE h‘&glt (1§ t@about 35. The

e coating, knife coating) or spraying, applying
diedatiur @nseintvetitss tothecdbolith ©f b gulntdrve §¢.gebqafl) tohyelaveds in response

o SR 5 el PRI enpiere e HFaRe e B et oprg- e fiecti
cofsdnt 3 Res R 1BE B4Rt CEOF theSHAtERA]Re., REE weATR! BhRlYI Ads
continuously covered by the Ii quid. After gpl|cat|on

charpe). 1Ay basck dlglet:ﬁ@rﬁon@twﬁ\séahtan@bom 1 d#tihag beamtobind by he
eva r at at ive

nv; a? r%p IOWEVET Vgl%ﬁ{e 0ho Soﬁ 4 %ﬁ%%a{nc co se[alﬁggosg%bl\ém %onél}ngtl?n with

ot}féﬁpﬂo@ertﬁy ehthasiqaidMdided & lesden Iﬂ{eeabﬂstgl&ﬁ&elmm@toceffetcavely
renpve at |east sone of the solvent. Additionally or

neyfralige fherwety | Thit is oadtizgh ehedislectiseoagpitdnpotdssirablpor the
ap@agé’e}ﬁ?%]&%ohyohgm& sLfom the web, and the

aporation na & ‘enhanced by net hods such as air
con¥reitplen pf hﬁablersglveetscfor duerapzaaioarincadd: &sptdpyhg coleld or

. is both n eu rallze and ual - sj neytralize as )
isogEPRd @a fﬂ qﬁ?a%MdEﬁ@ém i2GeIPee- i\gfealﬁre}ﬁgam

tha ﬁn[e%&h's%lv%ﬁﬁ?‘d?&i hevdlfy '&b AFerly anﬁmmh Q& tRE wWiaB! dnd does not
constituents of the liquid while |eaving one or mor e

neoswsily trogmitlse mhvatlbe oﬁeltuy pﬁtlculaxdwph@i spasicsoffbe solvents are
i @bod nen t he ,,@» t léudes a olvent an %g 1d also b
a58r SPRPEnD ogRat, Sy e TR O'da BEFERGVEL: G also be

usddhe acryl ate stays behind and retains the charges on
the surface of the dielectric material. Electron beam
r adFdui i acsaherb@th@égfamcpfweﬁnlmﬁhnm appaeatyy hekinplafleyracharge

Qi EATDELAR ERNRlo B LGk, RYIGes sANGUSL

1S a mxture o

protessctthet Hak @,Wdﬂ)ssouﬁefZfoBﬁ web 21 U&Vlﬂg@ﬁl@ﬁ&&@ﬁlaﬁand a second side
relatively gher vapor pressure, while a second_ of

2lpha chyrge M@lfmgorastﬁ%%ﬁ vief g cpgiierstatigncto. greehrigllowna path
o6 AU ST B PAARD PO 05 B
varaoumb]lefis 28, dps29,echdeAnamekathig weelbkndvhewtb hatdling guuignicst.

tol W&eso%pc% 23 may be an elongate length of web 21 wound as a roll, which could
have a core or be coreless. Alternately, web source 22 could be an extrusion process,
forming web 21 immediately prior to web handling process 20. In most embodiments and
as illustrated in FIG. 8, however, web source 22 is a roll of web material. As web 21 is

unrolled from web source 22, both sides 21a, 21b pick up charge; such phenomenon is

well known.
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exanpl e of the second liquid is transforner oil. In

sone enbodi nents, the liquids suitable for nodifying
wowr@InssIfge i n accordance with this di scl osur eP@r/ES2008/086982

generally either organic solvents or al cohols that

have a conductivity of at |east about 1 x 105 pS/m

and no nore than about 1 x 109pS/m The conductivit

of & thay @ﬁb%ilmplﬁdw%@é§r0nbwehéwrcq:%wgféd threngd & seriss) gfhrolls 28,
whg;ﬁl atrgrlwleg éénglwper%f ?Jhallov\lg? églef) B?hﬂ?;lﬁmﬂ?tgﬁ%rgé,tdgs)to hhaescontact and
releaso fiductachiof yhel reueQS MW hicallyo theodidesef wab 2 Ihthatdestacsdoll 28 picks

range, water was found not to be a preferred prinmary
up &b GRaFES- f or t hese appar atus and net hods. The sol vents

sui gabh ?OIIS%S R bl i Ytﬁﬁ’ A ‘?9' ald frnQb danAs: WitN . From

this disclostre usually have a dielectric constant of
idlatrollédswelaBbptogi@santd chargporadifidation stboont 240. In some

ts he sui.table sol vents h

cond i petisk: o BietBs gupd S gt 86 iff ectfieal charging
dué A ahRple JaB5ARtLLHs bRV hidbryi tTheRfcad iSR!t dBESnd &xuled by the

liquid) to polarize in response to an electric tield
maanfﬂtctuw@g @Iﬁy/ebt2tl elrrngting tchebtain exsbrsopret 28] windmg the web into a
WO(]Sla rol nadnl%:aélﬁo g ?ﬁt gtﬁtg[ I {fnv%?l(rill%ltig potrn hl-%la)v\?é lr?l? clﬁ)n%ct and
sep"ﬁ?dtﬁ)hlfﬁim S&B Sy RnhgRg ccﬁhﬁon'@ﬂt‘i @aegbﬁg 86 dtBerGRbSdtant

slightly about 1. |t has been found by the
neytrligaioneitdpegingédamisgerctct hat too high of a dielectric

con 720 r.

o on oF PhioRIFRaleY ey 28 ek o8Bl BTl el hapljng
prozksst20e ad wellaglothor ik ﬂ(att mightyberpeeseniabiczentdreionslbwell kadwn web

is, too. high of a di ric constant i s not desirable
ha@(ﬁmgteﬁalpgﬁgbr%fwnaﬁ ywﬁlﬁﬁlegvn&P {7 e g PO foatact points (i
rol¥& rﬁHJse%rQ fetcngftﬁ B 251 QiquﬁQ %?ocfe&’ing‘ SHbidat !ozlﬂfn'bﬁ Qontmued

I n¢l ude: i'sopropyl al cohol | sopr opanol , neth ano
acemhdatain, ofwberigyl et hyl ketone (MEK) and acet one.

not t hat. t he wor | vent i d herei

"ot T S88Hdint Rih Cpr R, dR e ey E%p%%%@ﬁd{wludes

chaﬁf%é’ fiadldatlion stBRdyY24, Rehi@PichRivELIhe QECL@ﬁ‘MatE@Eﬁdrgéﬁ f#8ém web 21 and
em cal speci es. The solvents are |iquids commonl y

pravidsiwne dagl-sidep/kinelgr neytrahysd weleotdt l¢asbarpessenitadly sloplveada e
blp%?alél lngut?eg zgd w%b usg gla SI% n eﬁreti%ﬁrg? %1%2)8&%{ Cﬁ aﬁ'&)tﬁ%f(@& ?J arfil 21b

dppar at S

aroddl-fide af bl@ﬁlas yisiteiMizad ¢sontinig ging fidmh Shailgesﬁlb@ﬁmta;n $thtfon 24.
8 illustrates a web handllqg rocess 20 that has a web
soulit theaBustigied gappodiment ph § 955O sharge grodifjaion stgtigét fcludes a

coﬁgggpﬁjﬁ ﬁirggce&]c Bhd h&dﬁﬁq{gggwgﬂd'ddg%ﬁﬁ 108 i$ kb f%ntiffarge (wide)

a coating station Ioms a
and deep to allow the entire width of web 21 to be immersed in the conductlve solvent

held within container 25. In preferred embodiments, both sides 21a, 21b are totally
immersed in the conductive solvent.

Container 25 is grounded.

Charge modification station 24 preferably provides a symmetric exposure of web
21 (i.e., both sides 21a, 21b) to container 25. The residence time of web 21 within the
solvent may be any period sufficient to provide a continuous coating of the solvent on

sides 21a, 21b, with preferably no surface areas unwetted by the solvent.
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fromweb source 22, to charge nodification station 24,

to coating station 26 that has various rollers 28,
w9/ 02051 t enders, and other well known web hapdi/Usm08/086982

equi pnrent. Web source 22 nmay be an el ongate | ength of

web 2 1 wound as a roll, which could have a core or be

coreless. Alternately, meb source 22 could be an

ext DPsNsicm oEe@aingraidnis Ag@rvies appatatpsitiahreaioy cpiic diquid
0
cob 8 2R BACEES 2Ol e Rk EURPHLVEB Ry,

evapoirdtive imatidalsrat@ndwal solvAat fvedn bdthlsids of mllidﬁ’vblﬁgduéh anvickh

source, 22, both sides 21a, 21b plck up .charge: such
SQUYSRESFS e KPR Changl Ak ABEHDY (5 &Sk Ko AN legy ey demately,

dr;fzngéjﬁ%a Sc‘%ﬁger%%lde% a8dvd %@é&ﬂa@aﬁﬁfa&%ﬁév&éogﬁ%&dlﬁ the solvent

hich are wn. At each
fropi wkis 2 UpExdraplgecf gigk devdcesheclodntastctamdbvices, ddavecrs, radimtion

ea of | ls 28. j cal the sj de of
(e Enil et Sty RO HR ORGSR Gy hg of sdes
2128ad YBofdvdh MOVes to a drive nip 29 and then to an

idler roll 31. Fromidler roll 31, web 2 1 progresses

t o Epdegdlyroné o1 mare aonvettignplorwupalizatine syssens h’gnu@b be provided

%P;get > hen(g:r i) rﬂ% hgp%l h E:a:,‘%%?ltstc'att Al I 02% grosvvg[e an. etsgentlally net
netf£iedUs ﬂm cﬁltafgreynodei@mn Gaifioh ng) Esismplea botdBmeRUsSEthvbiable

t he. manuf acturing of web 21, handling to obtain web
nelstéﬂb%t@wsteww& iiAgudqir (gt ?]@C'féw@\b%ﬁt? qligripatgpsguch as systems

ac a%tehﬂad‘hd ;ﬂln qm&%‘ b1 WS E&ﬁgﬁﬁ%})’{lﬁ%ﬁcﬁoh static

separati ron1var|ous we

ehmmmm 6ng. SstaM‘lsa:ngg,nglsél[ osud it Uuey, amebrishad) bed nuclear static
neutralization or charging devices, etc. The various

iSRG rolls 28, drive nip 29 and idler roll 31 in

meb
B?rarﬂéﬂhhﬁ‘lgmg bPGARD HA0e nSSHLE ﬂllﬁ&et&hﬁfédkﬁgg% %\Axg%@ators, the

resent, are conventional
reshhnngldmg v@blﬁlpsréml-mdetonbspcgmnaaﬂ or apkshbt ckseatinlly dual-side or

n1t t nt a t (i.e., rollers .
vinglfaul BAETE Ay T GER R ieyeaaiaf s gentitty
duLsdRy orttﬁpdlﬁll"tielﬁtrﬁl SRR SlH@Cvae @M’[S}"{)v@tttédlﬂltl@tmd: BAEDSE solwnt.

accordance with the present disclosure, web handlin

pr odedsoided shovadbe atclaast g\@alﬁlmpnqh@aw eolventaes o dicegtric constant
of Mlm% Ii]O SR g0 L ﬂ%a? Bgelﬂ%%&{ %{ the ql?\;egﬁgaé%{s ?lggléy\@\xcg%i%eor%le%{%% the

ides a dual -side or neu
cn{eela@f béifg aﬁl‘é&ﬂt\veakly%oddlﬁitrv% dteioflzcl wWaedr aaltieisé ald zed

surﬁqpéané[;spgtteg%@%tlggsddol ITO‘[ pﬁroe\fl(?er Irﬂ%%ﬁe@gt%%ﬁgﬁme;;ﬁgsfﬁﬁ%t Bosss{b?ye csiue to the
high dielectric constants of those solutions.

Returning to FIG. 8, web 21, now dual-side or bipolar neutral or essentially dual-
side or bipolar neutral, progresses to coating station 26 where a coating 32 is applied to
side 21b. Coating 32 may be any coating, such as a coating for optical displays, graphics,
protective layers, imaging layers, photographic layers, an electronic layer, an adhesive, an
abrasive, etc.

From coating station 26, web 21 progresses to a dryer 27 to dry coating 32, e.g.,

remove any solvents from coating 32. In this example, dryer 27 is a gap dryer.
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are dual -side or bipolar neutralized upon energing
fromcharge nodification station 24. In the

w0 kdoassy7at ed enbodi ment of FIG 8, charge nodi PCT/HS10081086982
station 24 includes a container 25 for receipt and
hol di ng of solvent. Container 25 is sufficiently |arge
(wde) and deep to allow the entire wwdth of web 2 1
to BespeHenews. inpriokerasesdutiet Devisiaceatingen  wab tikt is not

o> SRR of P 5 e PR IRt o, it eve

etcs)d‘reqaaﬂitly @cnt alit meljehzﬁed thatgravimpdmctlcdbibatge cipgé 6n ciaticr e

b9 Rids 2 ) St o pcresteshs Sodabyioe bidsorle R RAREES drying
patTé}ﬁ B?%'egt‘?zﬂfz?ng ﬂh B 1n%poraaﬂce‘%ﬁ}mh@ g}&@nﬁﬂéc‘l'@sﬂfe dRYng
be any peri od fi C| ent to pr ovid cont | nuous

pMﬁmﬂ&MﬁQMDbnmhe solvent on si des 21a 21b, with

D oG EHES R MRS 2hand ey ons Sl 4 prigutarty suited for

vardhRapBlisSioRdthaNBdnc e BMERIal-fige bl BigbRr AATRORRB! ¥afibud HB&mples
solvent fromweb 2 1. Drying apparatus 30 may enpl oy

hayroprsy @p@n@ﬁd apevereChaige modifraatiow stael Ybrnd vaatidne thercof, are
alsg mu?ed f%r %nglcam?ns’t{lg’[%a%? f?ze a ghar% vgff( el%)% ejiarngle stch a web may

rea
be Acldi ihiaanal dide ﬁl%nl@&ds%ﬂﬁﬁ@MCeS@ (Whérg baiEESArd $raiddsdY In such a
i nclude a paSS|ve device that facilitates evaporation
pragess; Hie chanes amdifiqagian wetiere maygbegipicasinghe Fee spagdyios ksthe
[ e. |
coft i s4f I EARE L RY o0t 0 E3f R of BBl 218 sl dFase
thesyetmstion ] deentkir thagpatifig stades wtha zreltopdsideandi@itodiside charge and

Optionally,. on re con tional neutraljzation
Onlwﬁl? tihoc é%gwggﬂ%fh%‘@e sosinaall (e ceniBeel %@%Lm Bpug dtis
podsiife ﬂﬁ@ffﬁﬁu%’l%‘tlﬁﬂ&ﬂe"&cﬁ tsﬁfe'c%ﬂld%ﬂe&@ce REAVHAS tl%g tribocharging

essentially net neutral web to the charge nodification

effet¢tat i on 24. Exanpl es of connerC|aIIy avai |l abl e
neut,r l|z i on e.air ioni.zers

OF e SRR p e A0 S f il « SRR b gomseet

elehﬁﬂts%ﬁ&t mleﬁﬁéjﬂd%tﬁ@&oﬂ@fb WD 2 N@r$nghAe brodesks: and at any point in
i nduction static eI|n1nators (e.g., static

theswb Wgﬁl) HpHeeriticaletaps sueasspp bk Hearsihe £9-2apldcoating etation 26)
i t or of whi ch have
or i & kb TP B G BriclinnPle EPRORNLSAY, 0T toLCh Doy

resul ting drled web 2 1is duaI-S|de or blpolar
neutral or at |east essentially dual-side or bipolar
neutral. Both sides 2la, 21b are dual -side or bipolar
neutral or at |east essentially
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dual -side or bipolar neutral, if both sides were fully
wetted with and dried of solvent. As provided above,
wao b@mss7feast weakly conductive sol vent has a PCT/US2008/086982
di el ectric constant of about 10 to about 40. It has
been found by the investigators that, despite neeting
the criteria of being at |east weakly conducti ve,
Exagaples H16SdOwWdt er, salt water, and surfactant/mater
sol g { f
oo i ufe ALRLRY SEmpIERERR AL Anbdifihis oLy
disofosiilaose solutlons Returning to FIG 8 web 21, now

or bty B vt Pariv ey o gplbeced ofSkaiapr g Myl i 2
po%ﬁ&e T?gngﬁzl'élg??ozlémér%laﬂg RUAMd ﬁ’oﬁ'ﬁt@ C? an@c\% LFde §s7-the film

such as a coating fo
supplys pAag&welgklapm @ppn pnmilergtof\lbe Walydmﬁ} Sldft'BEQf tigfilnayeb $ad a

RO ARPLERY eref T T ST 2008 ep it of flcg S 53l Bea

belBO 9/a8 §§RS0 hutPal BE YIRS chdrgetdh 8 WeBOahE m}n 3dppl§ iGillustrated at
renove any solvents fromcoating 32. In this exanple,

refgiiepeg nipibar ¢0an Hp. Ur Ve filnt wasunyedundidranabilmispppdy #8exposing first
cesses t ovide a coating on a web that is not
$d§é§ ‘?%FPH 88%?6%|de or bipolar neutral, that drying
pat tAfem@dt(oarcgdler swWdileswaswiied teseredte ahvewﬁsh in€luding a conventional
fregﬁgntly occur. It is believed that having an
nufép%.r F 6 formeutrelivangyect shatge A syebriea aefadigatqpssqably 80
accf% ?c{ the E’J?es@r?]tqgs PRRAS b & [J%? 5% ‘%Eg‘ﬁg g#&& u Sh ¢ g‘ﬁ tﬁ% 2t up, IR
aci b S dr { e

yrng pa 7]
lariyssly, anid Btagic chargda neasukethbnttstesopy seant 57 Bod a]xsltmecs waery ifetgwith

aL erns are _inhibited. Charge nuodification statjon
clegn housg anityegen Dot %a Y@@Pau%ﬂn@nﬂé? PR OniprRA OBt the

sysfté}ﬁ ol iygi{%l RARE b&ﬁbﬂe@%ﬁ aﬁr‘"(%ﬂ qepefit fromdual -side
or bipolar neutral web. Various exanpl es have been
pr oWudkedr ‘adJGl\Zezvas@HﬁU@éEmﬁéfﬁfT U@tield?ﬂ@(i ]asttatmlelm;natandlsed to

variatjons thereo are i cation
crhfig Ry potrd S reap Bt Qb thabSite gl ARRRCong iR wed
neYRlizBBh §8teHSen béndtcdiddhuchdad ﬁaﬂ'@"\kfﬁﬂéﬁlﬁ&ﬁ&/ltﬂﬁ static string 43,
process (where both dies are grounded). In such a
as iepidéerkbelewie char ge nndlflcatlon system may be present
in e e .
timp Pgéh 181§ g% {I/lghlt ﬁ{ con 15&:'8 orf I%g?t utnng]tuﬁe a%:sgléot% }%anv% 5n zlgi}d an idler

roll #s6MBl 53. qaReadsbRbWE] @h@édﬂ \de‘tﬁ‘m & trdvléEh@rQ@htalIlg through the pool
station with a zero top-side and bottom si de char

of %m‘dené fbagh sides wety) tﬁ%rcqpafcgqlmgtebf 10 inehand pbib Ri2Ag n&ﬁ’“frs)t h\éfeb 40
ex1‘fé216thé 08 vE&R goolS\tE‘PHé l%‘f‘ld s 'trsdﬁ g)rte!i Gidl t%voﬁ)gﬁl IaI{ﬂeI% 5t3h[3tthe N; fed

resi dual Pvation the back-s
airkaivew b2 (frothi BxatrrGdopahaegi Ade feed pressure to the air knives was

approximately 80 PSI nitrogen. Web 40 traveled vertically between a pair of 500 watt IR
lamps 54 (from Cooper Lighting, model W0500).

The web voltages were measured as follows:

Net web voltage was measured in a free span created after the IR lamps using a
3M Model 718 static meter 57.

The top side (side 40b) web voltage was measured over a grounded idler 58 using

a Monroe Electronics Isoprobe electrostatic voltmeter model 279 with a Model 1034EL
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effect. Additionally, web handling process 20 is
designed to mnimze the contact of elenents such as

wo cdoenss7and other rolls to web 2 1 during the PCT/US2008/086982
processing and at any point in the web path prior to
critical steps such as appl yi ng a coating (e.g., at
coating station 26) or drying or curing of the applied

probgatn pyng Es1. the ap quiw?ltagvye segdersptgagm@? Iqsighan the

I
o S A0 SRR Bk L. Byt AL b
a chxrgoploasone &ideaint edrovebbrgefonShobihbig ﬂi@(tﬁ/}zol&agen‘u(dlﬂg By thicl718

gglyeste Type 860140, commercially available from 3M
statip sERAOulhRS Q@/é@, whereide 1} i e ppriarecsidesohfbe web were placed

I [
sef Lo fRE Y HetbGd oS ohiR Miline RAhSURBRo boleiier yould
be gaut Wabre zaik ﬂ@rwaptmeuka&sss Tt rdticsf the topassdy vddrde bethewet voltage
was used to neutralize the charge on the web. The film

is thengfsirg o4 gai Fpusi mat web atithrebige grangtha tapade, 4@ toprscGoltage

resy ek S B e el bs 2 RBe cabonr d i er

ModN e al@fop Lé;&%dvdlt@ clfatheracoRbiepahn TARELHAI TS 30348
conventlonal nuclear bar 42 for neutralizi ng net

osciheegee. ohhassbpagas st freeallcal §Wdataopoiag Sueiy U sgond time interval.

accaqp, dj

dr yI%nf%k g 6 a%” %Jﬁg %ﬁ&%g %{ (%oégeg%ld{l lgl!po Egtﬁé% S\Sfc’?erg ﬁ)’ dv1sual1ze

whsthat benathay glsarga and i fyue Whats@ser, svabpresad on the saheplai The method
nives were with clean house nitrogen both as a

qu‘éjdﬁ éwﬂb%wald%%ﬁ Hull. 1 msthoddRt stedyingfethstiibyioprandsign of
f O vh y
s SR Rl Rl R BB TR ROE Bt i 20 D feotmber 1940,
p. b]57ni lrﬁﬁt ¢IGSuER 3 slovetheatebla résaits whem pbwdmuioatmhg shmbged versus
e of that obt d m con i onal b

Bk bt 10 & paiameropant Db re koo Siebiifors e Egmptes

hasvvﬁg nb BBLAGREHM ddhcah &t | G T PP pHAomATod rgﬁﬂéfafp&@der coated
below. Neutralization assenbly 50 consi sted of an

wehlfmm ﬂl@rEX@ammlvmgrbam BB sethendgn a cdinentipel Inuelserdrabhyd a
| dl.er 5 ed web 40.tqQ trav
coRbpIia fi SRR Gl 1 R oo SRS APl foatsdpued from the
Exm Des h%ngaéb"@@smtlﬁwr dQatinghes niebeutailandas, ﬁﬁitlﬁrlﬁl)nps
40 exited the saolvent pool vertically and wa

Fl@r Bis gahpeanigiograpue! 8 PRwECT ¢Ratadsvabaireny tl@mExamHI@ijhavmg been

neutralized with isopropyl alcohol, in accordance with the present disclosure.
The following solvents were utilized for testing:
Methanol, HPLC Grade
Ethanol, Pharmco Brand, 200 Proof
Isopropanol, from the bulk lab supply
Methyl ethyl ketone, from bulk lab supply
Acetone, from the bulk lab supply
Heptane, from the bulk lab supply
Toluene, from the bulk lab supply
DI Water, from de-ionized water supply for laboratory bldg
Tap Water, from suburban water treatment center (city of Woodbury, MN)
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air knives 52 (from Exair Corporation). The feed

pressure to the air knives was approximately 80 PSI
woeapogien Wb 40 travel ed vertically between BCPHB2008686982

500 watt IR Il anps 54 (from Cooper Lighting, node

W)500). The web voltages were neasured as follows: Net

web VO|%§%p was neasured in a free span created after

t he TiaRle| Mmr@nrﬁﬁol%\saé,mfmul@pcwgﬂswm ¥c meter 57. The
to P 3Rk ﬁ.\ogagil ggtﬁ 0 1% %V%@QS t l/'(.rn? gur MG I:[en%[g)n
grounde usi n nroe nICS sopro

el eThe appaaituc of/E)IIG @B&z&ropﬁmﬂeﬂ wizlf Baohd dfhneﬂh?MDd ekhanol isopropanol
%834E p[&g In some tests Ehe to si de voltag
(IP al&ml’é@; o stene A0 ekdatics heonce iRl YalsT gy water, saline
waYéi’l dr98ud SRR ti-lémgsus\é@% Qﬁ%@%ﬁt ﬁgsetnhﬁl dbh e assernbly

heory: For exanple charge g on on
503|de and zero charge on the other the net voltage

rea Lng by the 71 atic..nmeter eeo r
2FhE S s e iR ot Euama rgrseion Vit Bepiieganol,
hﬂ§g@h@§ﬁAa grounded idler, the top-side voltage reading

usi ng the Monroe vol t neter woul d be gd/ e, where d is
t he Fywsh tltemom@ntss:sstedmveheﬂm pbn@fth%hwelteme of thsthaobk, a@enol MEK

th
or }Q@ Va?rtl%nu%tdﬁtaqﬁ re%rdnﬁg Plﬁ: r{e metﬁ“%fg‘fO{ li,l]eutral:zm% ?hcf: wg% were

dis¢eVdr&l EF dreasnpig, Mthouglp &cel&QQNzisl ﬂ&&nﬁﬁ%sodeftﬁnhé hefetet solvents,
vol t age readlgg Net and tgp side voltage data were
thasg fassctemengfinted the pmpeitinec pHRroytage wadpidpdersigpbdewaigng and

dr}étgggﬁtgg\?(?lr\éﬁitac{ogs Rl &e tIE 299 391% Skt gg]ﬂgtﬁlgotﬁg 51r %nﬁg on that side

erval .
to et &k vah/shmbicpdd dhyn‘%t(iﬂbbdl spd)a&dff ItlSe web tol czmqienm for the not

pr et o %Imnrll%hc ané @g\fﬁﬂ%é 1dquﬁ :arfgi:lﬁ 8 St:)ﬁ ersmn 'the static
ne&ﬁaﬁﬁﬁﬂlcﬁﬁ%chﬁe 'éﬁ%éﬂvel'ﬂotm et neﬁtrgﬁiali‘l‘ag ah@ Eiua?ts‘t%ydrm)gp&lzﬂe

di stribution and sign of static charges on sol
neutedligntial. sWith poepen adljustheap gbod dudhisydsi a dipolal n@u&almtlon was

Decenber, 194 ., 1157- 9. FIGS. 10-13 show the
a“WP§f®F8tF&@H??%BGH%HWﬂb%HS coating charged versus

NeutrI@s. MepBare ok {phichPrdpSesentRiieHsTitd Q@AFERReRht éh PAWH e

coated web from the Exanples having no neutralization
vargesExanwieso rIF or pl @stsmnlw ladlpfltt@ﬂ otficorisy thphicbeed wovdigyminute.

Ea&%‘t‘ ity B}Qﬁ’. s We e%&h? “ﬁ’xe%l eB‘ ARG BIRSELs 8] Sled

conv onal nuc ear ar an a conventi-onal —quar

reﬁr@éﬁts thd {@ltag of 5 paxtiptilat QBbs¥edJo@bidn OfTha tipRwelarin @EB%E ﬁ@ures can
web fromthe Exanpl es haV|n? been passed under a
be §?Ia‘teﬁ6d £ ditgpee w mpBpbAng by lpgpresd, and IR |anps. FIG

a143 BhRTh LI g ai)rgse‘ﬁ]: o@th%%eeffte‘f ﬁ@\tlﬁgbg@lbpafs&(arﬂnder a

es havin
conventlonal nuclear bar. This might be referred to as an example of the base case, similar

to what is achievable using commercial neutralizers. The actual charge variations on the
web will change roll-to-roll and within a single roll, depending on the particular history of
the material from birth to measurement. FIG. 14 is meant to give an idea of the charge
variation that exists after commercially-available neutralization methods are employed on
this particular commercially-available untreated web. FIG. 15 shows the charge present
on the web before and after the web was immersed in isopropyl alcohol, in accordance

with the present disclosure. FIG. 16 shows the charge present on the web after the web
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neutralized with isopropyl alcohol, in accordance with
the present disclosure. The follow ng solvents were
waieiobiogeel f or testing: Methanol, HPLC G ade EtP@eruk2008/086982
Pharnco Brand, 200 Proof |sopropanol, fromthe bul k
| ab supply Methyl ethyl ketone, frombulk |ab supply
Acetone, fromthe bulk | ab supply Heptane, fromthe
wap ifnRCTsad s gsEing. mecedanceryighibe mecspif] disclasyres (ihsingt gharge

. - WA . t
e IO UL S SRR (Lol BN, 17 v
the(abiatge poéscib@oiihamyed aliih thalsted vGal inifoldalyt iatindredal i@ asébiic and

from ! ynchroom supply 3M Fluorad FC- 171, 0, 01% wt
SYBRSELREY dfied pe a%@r@yﬁ%wg&%tﬁwﬁ% diselpeyrgn Tpdllustrates the
O S bk e R APRESH O P ARER R pracers
ket Oh@. (MBS tlet ¢icomeks hegbdinean boltlerrd foBlonwanethpds apording
ter, saline water., and Fluorad FC- 171 bei ng ed. as, .
to R rasBpt iAo JarbiS Rt Heaions 2 aRt BuBRAry EGRoNg in
acRIMBE LSthtth@prey HREIOBES! IWtdal o ifiBhersidH SR Mhd Hvious
wer e met hanol, ethanol, MEK and I PA. Fromthe sol vents

exareple.edw (Pt hdr(segh aset W)l " Waerepasnéd wath agetohaard grounded was

nef TR o Rbak s ob BT ERRE R fEORsPRore and afer

wilhg CoNIe e e@liehtalcueNaAnbe of @ik hboi@dhogsiat eRag¥wagom&iplication of the
initially one of the preferred solvents, those tests
aci@ifonst rat ed the inportance of providing even

(si gx%'rﬁ%l%hg(?%bo@?%évgg n@pﬁl gﬂy%n@sg\ar&fe e ﬁgtiée o}[ﬁf%.trun
acr 0ss e web. Tt was foun at adjusting the air
exraninfentO rFdr hiad sagicdectispeadesidlitnmicnsi@y gmée ay pett for P Adayd Agetone,
f b i d f th t te f he. t }
et BB DR S D oD RTERES) Bl G paiv
thettBE siel€ |o‘fﬁfétwéb["3§ﬂ'a51écp{1}eat5@§néﬁ-%ﬂo%ef‘@ﬁh_trg%ﬂ #RH1IR see FIG. 14 for

becane effective both for net neutralizati on an
thechaa¢ easic d€ only donpoitianalmeutraladatioat i on. Wt h proper

TN T RN LA S
the neutralization of water and DI water, splashes of IPA were added; the results are
illustrated in FIG. 23, which shows the results when two splashes of isopropyl alocohol
were added to DI water. As the IPA content increased, the system migrated closer to the
good performance of the all IPA system (see FIG. 14).

In another series of tests, the effect of conductivity of the water was investigated.
DI water (least conductive) was compared to tap water (some ionic contamination) and to
saline water (table salt added to tap water). See FIG. 22 as compared to FIG. 24. It was
found that apparently, bringing the water to a high level of ionic conductivity itself does
not enable its effectiveness for web neutralization.

In yet another series of tests, the effect of surface tension on the static
neutralization was investigated. DI water (up to 72 dyne/cm surface tension) (FIG. 22)
was compared to DI water with FC-171 fluorosurfactant at 0.01% (about 21 dyne/cm
surface tension) (FIG. 25). Again, the surfactant was not effective in enabling water to

neutralize the web.
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FI GS. 14-27 are graphical representations of the
charge present on a web in various Exanples. For all

wo e@b®8576n| ess i ndi cat ed ot herw se, the websperdr/ua=081086982
m m nute. Each of the probes were nounted at a fixed
crossweb [ ocation, so the data collected represents
the voltage of a particular crossweb |ocation. The
time axis in these figures can be converted to
di s [ FIG 14 shows
theﬁgﬁg?ofté%le?ggg%@é% Sg%’ﬁ}% aﬁb&g}”tﬁ%g 8‘\7. ng been passed
under a conventional nuclear bar. This m ght be

referred to as an exanple of the base case simlar to
what | IS achi evablpgeddsi hg comrer cif al neut ral |tzteHrst, The
e 1i: = - ate1 cal ars oy
Liof act uak, changg.macheti opgxon Pitie herhee Wi [ C Boiling [Solubility

o, - AT jnt  [Parameter
ol | - N@t—rar O|(I}S/ma Rmti$9h| ﬁ‘ec héj@j?n? (f r?j) IL) %Pmp 1.1zmgn @?l (J/em”3)*0.5
the pltiti cll ar hipstiany| of the maferi al™rof®irth to
asurenent FlGL 14 is nmeant tolgivelan idea of the

M%ﬂ%?lge (“V%lrl éétOF-B)ﬁ tﬁQa7t é)??ESq.é 9.651%-%0(3?).2.22 1.68E+01| 1.17E+06 |64.70 | 29.44

EG@ivref @oaﬂ ' y3saval | albs ef 1aetsfsahi- matap.on 7m+hmdszpamse 7830| 26.14

naor ]l o

a + A reor ol
C1 y UI % ! ET an 1 I
Tsopfoy tano“l’at%“'éo 3 %ofé#oz G@ 9% 5 OOF-07 _sf’sﬁt‘%éb 2 .b1 fé)gEpreg éinE‘i‘t i %2.%6r o B4

AR DEFOTe | apfl. A1t &l L GaNED s, 2%@ 9600] 1USRPERYI 1973
COhCSIan,sm‘i'en accordancel wt presewt di scl osurle.

-l

ik 6 —showsthe charge presentonthe webh—af terrthe
Was Goslmer ®e€h71 nisac e 6orNs | 9i2nE- ¢ e aneeoNk BlE-+tshego.63 |  18.88
Kfogsent di scl osure. The net|charge i ngduced|was due ta

wreven weifing of the fwo opposiie sides off the web.
(Exebiely 1 7Bad hoh&Ethe 8dar déiHeddnto| dAst e 7hldy 2afi@r |1q0Re 4781
e was uniform i mmersed | n ace¢tone| and

Wytemret r i cal Ia/P dried, in accordante with the present
dhiscl pslife | MRS | i PlustP St €8 R i Rivort At 265707 |10000
D ric wetting and drying of fhe solventt duri he
Top gtk 5 I G 18] shows| t rat [Y'He* Wi cks P8 6f“H€§°7n§99 L

Sahhgwgtérzembdf or sone et hods- apoor-gil ng- t @.171Reo PrEseN(00.00

W{é{_pfid SUT €| ill_ T li b___EXdllEj e dL_El O11e Wds  dydrl 11
al,jfyj izedlas tTie sol vent, 1n Act dahce Wit~ e’ 1000
T&ﬁé‘ﬁéentBa@l $ChoRSMT €239 NSTE@AG | 1QDE- &) 2I7.§E1B.r8§ﬂ+@dé: 4pAR0sA10l51€ 1825
3.66E%05

previ-pus—exanplet—a—wping—tloth{suehas )
Hepitth ened wi tH dc bt ohe AR GPoUrted i el > BAT| 1520
3MVBINGTEd taneousl¥ oh bot h| sides of the npvi ng web. R G
rk8 SOWEA beF 8F e And-laf PefE-4Y ping) wit h2&%Cel | ant |00
neutralization of the het apd top side chaitge upan
3 . h .
Malpeg caMor%&ETolgwe cht}g&@m As_nentioned. above, 73,00

HHEOMEBVEr, no sol vents were effé'E:tive "t or the

avnort nmnt o Farlt+t+hn clamm wihhoenadd And mmhr ol An
3M.1<T(K]\écl T H-$—For+the—Sare—V coSPCEt—arth HYRFSHoeh

ru
as usedyfo r6i0EA)3 ang sAcetgng| heptane (FLG |19), tlap.
HRRa/b & (FI 20) and tol uene|(FIGl 21)|not only did

"2}

neutrTatize
The process time in the examples given above was approximately the web path
distance from the point where the web was wet by the solvent to the point where the
solvent was completely dried from the web, divided by the webspeed. In these examples,
the process time was about 0.5 minutes. It is likely that a necessary, though not sufficient,
condition for adequate dual side neutralization is that the order of magnitude of electrical

relaxation time of the fluid (absolute permittivity divided by conductivity) be less than that
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the top side of the web, but also created a non-zero
net charge on the film(see FIG 14 for the base case
w@booonszsconventi onal neutralization). FIG 22PGHUSE08/086982
the results of DI water on neutralization. In an
attenpt to inprove the neutralization of water and D
wat er, splashes of | PA were added; the results are
of the|preeepatimg. Camppidg thg solykntaHoRHHsW ith theripeestigatonp Hpited test

. ' |

B0 AR BB P A R oo

woilt gichf iadiccdraser vith thheragoadigperstinet amhdehoic rtlaeatiinl tichd3/t least
system (see FIG.  14). In another series of tests, the

an 1R et MOE R AANT w&h%?tsttrﬁaéeﬂf@%?ssm-i nvesti gat ed.

WahEh ﬂbv%?hlegt‘g @Mhﬁﬁ‘ ent g %hg@gﬂa%?f t%%léc%éa?fé(la}@%%ﬁﬁe time,

(some ionic contam nation) an i ne wat er
wagdiwas dioktheldo tnot paformavdt in. acBedakdeGyitiRthe asescnnpeniestrad. oWater

R0t TS E00 ARl et o s
cffBQRS tRAL th@?ﬁakf&?edi dobvetfsf %teivye%‘@g?&@é@ﬁng’@@ erties of water with
0

neutralization. In yet another series ests, the
respédtée theghrtautar avkstratmisied maymplayten istattiet ralsuwithlall odtheowell

pe D4R ey Pl B By SRRT P i
flubfosdrfdctint to at@sn b bgilaaRtrfade tohsbin(dhautid Aotlpreyide tiedood
surface tension) (FIG 25). Again, the surfactant was

neyglizafqraieeyliéesithd.enabl i ng water to neutralize the
webyhl 91@%8&8 Rk 'd@ﬁrat%ie %H3Hot %%ﬁm% %l‘ﬁ?éltsﬁclﬁﬁsesuﬁ’faﬁ?t\é{%tg 8 salts in the
I e 1N ove

bel ow. process e exanples given a
newessizagiquxd behedeythésheighe beapabin und siradiesidiue omtlicdeupalirdd web.

where. the web was wet by the salvent to the point . :
AngEFRIiHe s %%&gatmwfsﬁf‘é? g1y denrablg o e B siduc, in
offfi\ebaBehiky tHe rﬁ%u%ﬁ&%ﬁ@@ g%er!étﬂ)n_t WREE s 6%&1%%? ioggtl%‘i/ior%. hat

process tine was about mnutes. It Is
a n&tlessalvgntst ramedh 3 MoNowsaefHFIE-7¢0Q,,7200,raidt 7500 (Highest boiling),

d t | sjd tralizati ' hat th f
WG oha o haru o R SRatToR o he T RdSpe gk im)
wek@Bppt g Rel ditthy §dlyerld MeR@rheby conductivity) be

| ess than thatof the process tine. Conparing the

(Dsol fond cpasieents Bempthe webline testy sushiagaeeens IPAnmedanol;
) esﬁaafi %)S(I%I%%‘}II? n%’f%&%rt@e ! 8\;)1‘1’&' AL ERLAIDT ‘%&%{ G G1udnQ! and
exanpl €, ep? ane and tof uene do not work  werld - i

(3)ac c omeR g oWehi likbElupfRadivhs SMSNORSUHIEE-7a00] 7d00,ad&500
relaxation tinmes at | east an order of nagnitude higher
(highgshbeiHBg)et st i nat ed process tine. Al though water meets

the pf gaul L QUBN, W d O dt'h@ ﬁlﬂﬁg&b&u?z?ﬂ lgﬁé)r\jvﬁqlnvxyo%lna)ﬁ%'iﬁ 4 roll.
time, water was tound to not perfor we In

Abautlorl Oafiths lavigtihwhih enpesseint the kdetmsunt@inet & prounded aluminum
casserole pan (similar to the one used in the webline test of FIG. 9). The sample was left
in the pan for about 30 seconds prior to removal and dried by hanging up in the quiescent
air in the lab. Air drying would take up to several minutes. After drying, the samples
were coated with bipolar static powders to visualize whether or not any charge pattern was
present on the sample. The method used is described in Harry H. Hull, "A method for

studying the distribution and sign of static charges on solid materials", Journal of Applied

Physics, volume 20, December 1949, p. 1157-1159.
31



10

15

20

25

30

with salt added woul d have a very high conductivity
and low relaxation tine, but is less effective than

wao b@opseserred sol vents. The wetting/ dewett i ngPCT/US2008/086982
properties of water with respect to the particul ar
substrate used may play an inportant role, with all of
the wel | Rerforn1ng sol vents having a surface tension

| esd'he Kesnlt 26 tlgg,‘ﬁ:ét/u@gﬁhop@q&eé all of gheisely ehtgeliminated the undesirable

chelfr%y%?eer @\?1%% ngimérrg%d\?l C}ﬁl t{Hﬁ gtaﬁ& gfldel % %[{r'éa s?ézsogf &u@ﬁlsa{pggrent in the

undipped halflefsthe anlbst Inotlidd euogdd, vxt1th dleng eﬁ(blrgdik}ir@ce‘swtlmetcompared

i ncl yude .sol utes such as surfactants [ts in.t
to rlretian e sgmPingdivet e frRafyem @tﬁge P@%ﬁ’v éV%fhhqulgs like
he#’t@l‘ijee sin&R aﬁlﬂ%va%ﬁv&ﬁe& Q%oﬂﬁ)ﬁ‘]cél? eﬁt@ﬂlz\é@lpe wel sﬁfﬁﬁ@sOtN&@ that
o this nmay be a situation I's desirable
thd s@awqaowd@hnjathodsilodmmt give apisblact staim‘ribvais g rather V1suahzed general

s B ey He b PR btk B sty PEaS e B i gnvolves
depod@fdn cﬁ"&ﬁaré@@?arﬁbl‘egﬁﬁfhta wWRBishifAe) . were tested on a | ab

ench scal € n this case, sanples of the filmweb
( Scdicsth pake 4ls¢ dgnagersbod |tlmé1¢ mcthadmﬁth@tdyscwswten@uld also be used
to %Bvdr%ﬂte%% Igl?at%%eu(g & rgése)m(gf the )éﬁ%;gé gen:vﬁe g%@%%?v The
apfres bNEN. 2 7f dd@ﬁﬂlﬁdﬁlﬁﬁWMd&&mE@ﬁi Bo&iBEthe @B ardk owalﬁeﬁ‘ﬁfeb
ept ane tol uene; and ( 3) Unt ested sol vents |ike
f 1 udr SedrpBriiid M sesvaBnieptwitie syrmEsonowRfl msgunge pump 80,
wa% G}o%ﬂ%‘a nbaof@o'fﬂq:)l?te ks ntsél\g%qllljén g\%bﬁ:‘]o g'rr %ﬁ{f’p ﬁe ﬂfblqua%d syringe
weAbhoate dlahfulaing rhatSrliilenlgtlﬂmgl\ﬂnSt ﬂhmﬁlﬁrds'&ds ¢lé\ctt1]§b&ly&§xblmmt A roll of

ontain I n. ded al u um casserole p .
wep SRt A0 mineh AP LS st N e hath P aepeed Gpatingcoll 86
co@\)entla_ﬁh@ sRAFR:R g\’x\@a% us@(f tto deftrh iR tR@GJeB %m@xpﬁ’éi%n%pto coating roll 86.
seconds prior to renpval and dried hangi up in

D1¢ R2 ap{ﬂledmntlmmus coatirtghed 1$@b0pyAa}comly(IHPg) qm@tlrst webk &hugh was
era m nutes.. After sanpl es were

thewgfsg P OBy Pions! copygition g%%ag% QOYFW% sual i ze

Wh etﬁhﬁz[ndﬁéldri@éte%)(/l cbajosRionaklodEIN7 0988t R I8 SR w sl € measure
anpl e. The method used is descrlbed in Harry H Hull,

the wligge ptddcations 89..08y arrr»b% showin &t Fih 37i dacating K myepsgred the top

SRR BLE ROBRAD LTI ST 431 LARHEA A1 RRLLALa e

totaleﬁsw dha@fe. t his testing shovved that all of the sol vents
el im nated the undesirable charge patterns (wher

i Eng 8¢ wistteticAa iR en félﬁeﬁriog sipaby dicris: BRsk Sécif»‘slm or both
md@?ﬁf‘&%r@ 'AE[ II)(Q]I%OH @g' tﬂ@% eﬁéraltlf Etﬂ%%mvﬁ& HJAnw% feH. At

enou g C ess 11 ne conp
locat1on 94 the web appeared dry to the touch

The electrical integrity of the system was tested by increasing voltage (V) to die 82
(at 20 mil gap) until arcing occurred. It was found that no current leakage occurred
provided the voltage drop was <4000 volts. The runs presented here were done at a die

voltage (V) of 1kV.

Six runs were done and are reported here:

(1)  Control — Dry run. No IPA, no charging.
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to relaxation time conbined with symretric treatnent

of the sides, even liquids |ike heptane, toluene and
wowioensisr ked to conpl etely neutralize the webPGHDF108%086982

Note that the static powder nethod does not give

absolute static levels but rather visualized general

static patterns. Also, the static powder nethod is

ne c é%)s ar 14 bpekv/@5i0) e IBAmE sapiried sl theBacksidscfthaywelfust prior to
p ace. Tests were also
the g()llsﬁg(%vi A&?at]%n%grt Hrr%t%{w@%lﬁ%‘%ét hi s disclosure could
aI s (Q3be Uiz trohO(\pr() v I8 @vatedtfranhdicgm top sidt h®&lowdhagsing, no back-
m)dlfy the charge on a web using a solvent. The
si ﬁﬁ%‘érat us of FIG 27, described below, was used to
modidgy t e %ﬁf/@&kqv bgelwgoat@d gh & fg%raﬂl&i §d Bl sidd. No
co nication with ri nge nounte Syringe punp
ch@8@ingwas nounted on a Teflon plate to insulate the die

| nedbat + HE menory 24000 P BPR g B enl Bl gl o backcside.

el qu | capA Yrohﬁ&icﬁt(ﬁ’dlg Jr—ol'P|A Qatdd&n tﬂﬁtafer()()@lv %A(sl?frayed on
e

was provi and fed to a ground
ba(d@%ld@: ng roII 86. A conventional static string vvas used
“é&@'y'aggepfal‘ 50 Wels at m%%h%(p ?0%?5 (@%' A hreoviy:ltage
meam@rh@fhts ﬁbﬁﬁhewmm &ﬂa%lmbn thtablB besy. t hen passed into
a conventional convection oven 88 for drying. A
handhel d neter (SM Cor poration, Mdel 709 static
S¢€ r USed t 0 MEasur e T %:
90 E&g an?i shovvn in FI( ILd%a}lo 5:‘ %c&‘t'io;%m %ACI%H(?
tl‘n tC “: db \JII I n V\ll t h T h( |["AV ARSI b T3 LI %Y \,I\Io
gr ound. ¢ %ﬁll""é’ s 92 and 94| fReasur ed |82 Wot al| {00
clarge. ng Vags Wetted Wil TPA Qi 3 he TTandsoSife
by die |8 el% Esme by . off both sices by dig 82. At
| pBat i orﬂP%Zﬁoﬁth[&f—W}eb vvas genér al 'y st/i200-286t WHE0-30PA

WES—UYS At |l Aaecati AN woh annaarad Arv A +ha
VU O U\-’\a C 1T _OUTT \l_r L ||\4 L'\ v MHHL AT U AT y LAY A L LAY

t och. [TR& %P%t@alﬂf E9TOi ntegfirty of thedsystem wis
t ¢gred r/%f?&ﬁt?@’s'lﬁﬁb oI Tage 1ppg to diigo§Z (at g%oml
gap) until arcing occurred. [It was fgund that [no
cur ent| IPdakagdacladu108eV pr oudAEd t he 1000t age |[dir0dp was
<4000 volts— The runs presented-here were doreat—a
di e voltage (V) of IkV Six runs were done and are
r eperdRthdielfis § id& DA s whled &fihe BAck side (at
chargdl;nﬁgehg ° JSE) 3“ AWasswsqehcgrtee v Slﬁe(a
grdvad lposndal 1nﬁh18 hasewe]h)e ‘j’veﬂs toqid bo f‘cdaﬁ):‘d” with a potential equal to the

applied potential at the die from which IPA was coated. The final dried web had a very

uniform robust charge distribution. The role of the IPA on the backside is to provide a
stable electrostatic reference point (of ground in this case).

After drying, the web is essentially coated with an electrostatic potential. The
present disclosure describes methods and apparatus which provide a web with a specified
uniform electrostatic potential. In the case of neutralization, the specified uniform
electrostatic potential is zero, or ground. In the case of web charging, the specified
uniform electrostatic potential is non-zero. In the neutralization examples, the coating

method employed was dip coating, a commonly known method. In the charging
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the coating roll. No IPA coating at die, no charging.

(3) IPAfront (V=O - |IPA coated fromdie on top side.
wooghsszgi ng, no back side I PA. (4) | PA front/PerksS2008/086982

(V=0 - | PA coated on top, sprayed on back side. No

charging. (5) IPA front (V= 1000V) - |PA coated on top

at 1000V. No | PA on back-si de. Egg | PA front/back f(
expayomnts, themaagegmethod smpégycd tvas 60 Jic qopiang rogiarpidy, known

-Side. The gap was set at 20 mils with an I PA flow

Coé%ﬁliéﬁn&w{ 5 mM/mn. The voltage neasurenents from

t hesethicwhsrgargeexpetimbnts dedchided alve, thelfimal cHargemppbared to be stable

|t t d d I PA. tt ed
in {“i%g %@}93@ éfp&'érsteif e@ﬁéﬁn@ wg{ugaﬂhag@n %mqmﬁgicqggggfnaﬁh%épphed

Gkl -dn atLed” with a potential equal to the
\{%P? ﬁ potg%t(lgagl %at the die fromwhich | PA was

coatVédnotF herefthaiain Rimiseldndesh tHeagiwas kmlleymwwafrmtmm rmonisige at all
[J but

thr%g@w%f@g'(%g Utdglgp}};l ﬁlréfe Togaé?%gﬁl)ewgprg% {ngﬁi: 8{?116{:cases (where at least

oné SiHEbLIME QvdbAl fitnok Rlett&d %ﬁdPAPtHehin@e @ @tiondbt 8k voltage
drying, the web is essentially coated with an

mealEemenss watd sugrpﬁt:@m Itsppearhithapbeth siics di de IV@busheuld be held at

e Roa R E b a PRE . PP AP e Fhjution on

bothh@des @8 By @ﬁsummgtﬂﬁaa loh side edmaih gt asd@e@lﬁédi pdteutrulfbgr fOr example,
el ectrostatic potential is zero, round. In the

kepargpagsinsive BramaeheRigct durieg §5@é$smgéﬁ o Pgrplc by putting a
Cor?(iu%ﬁ ? ﬁ\g %afﬁ@f gntial is non-zero. In the
I'za

neu n exanpl es, the coating nethod enpl oyed
was Sdimp e&mp]emgphcaltloﬁmhidy thenfollowimgt i sida nida&cus coating

char gi nge riments, the coating nethod enpl oyed was
(b%\l? gte¥ aringeitar Agvebah s @fﬂ?{ﬁgm ©akRs ng P alléwig tinge for the

IPA '?@dl“yfiﬁfo@ 't@ﬂle%%{g ﬂ%ﬁmlﬁ tlﬁ@éa(‘sé &Me@mﬁﬁi crft&i8hd b&@llng station
char ge appeared be stable in time (did not appea

witha 4zketgh-sodd nd bcmtdnnadq: dgargdq and anlyableiriboolmaing @athiengeb coming

ot eoiieBB R RBE 4t D a SRR AL ot i e

coMérnhe@‘idt@gbﬂléth/a@kﬁlﬁﬂ%o@ﬁarghg cketee | ocations (including
the "dry" |ocation 94), whereas in the other cases

( whéviernativelaaste conlsl pyegeatothargdss usinp awakiagratrombetwsen the two
me\ﬁﬁs&rl]s clhepéa.‘) Tﬁlg 8ou15 I?IJ'Vf:fal Iﬁﬁéhur%&e u%;fo% “Eﬁeﬁrgf\:/ 8&&%@ then might be

obtained from corona charging of the incoming web. This “charge coating” technique
might also be useful in mediating the effect of imbedded charges in insulating fluids.

FIG. 28 is a flow chart illustrating a method 100 of generating an electrostatic
charge pattern on a dielectric material. Method 100 includes operations 102, 104, 106,
and 108. In operation 102 a dielectric material is obtained having a first electrostatic
charge potential. In some embodiments, the first charge potential applied to the dielectric
material, such as with a scorotron. In other embodiments, little or no charge is present on
the dielectric material, such that the first charge potential is substantially equal to a ground
potential. Although operation 102 is illustrated as occurring before operation 104, another

embodiment of method 100 performs operation 102 after operation 104.
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measurenents were significant. It appears that both
sides of the web should be held at steady potentials
wo e009psset hod to be robust. This may be doneP®@US2008/086982
coating a solution on both sides or by ensuring that
one side remains at a specified potential by, for

exanpl e, keepi % agai nst a grounded object durin
pr o&’@@rﬂﬁ@ 1g¢ is thep perésraeg te appty haviditag patt@amd@@ﬂwmg a
' t t:
< BREEDRR: BARAIR' oEr BLATRAR PR AR G Ervine

thrge-Qimnaheibhalgfrofil cwdlor exanﬁme,esoﬁmaaolp mcdnrdetaq)ltlﬂahtymfartdgﬁg separated
oW, ng

roll for the IP t he
byesifgﬁseﬁgTL%rlfigeSuﬂcltq% %Stelag@gtSHaA %‘etﬁ %‘{’%E}F ??Efé peitgn. The
rldgﬁsas%gﬁgtestflélgth& 1n‘QI shﬁa@es%ﬁ IS a§és‘1ﬁt 599(1 %Q{@i‘r?' g%quld 18

he tri bochargi ng of com ng
appfed to e tovping gunfzwlek bhmgl antivdiraent, ths tu@l 1s| firesssd agamst or dipped

int S‘ll bl nat fe g]%nﬂ?ﬁhlteh?@ggw %ﬁﬁ%&?@ éﬁ%re ot%gr%i(sje applied to the
Staﬁ{ph%rgﬂl@gabé@ely one coul d pre-coat charges using a
vol tage drop between the two neniscus dies. This could

g| vdha liquidns mpmllm at kewtrshgl@tbaméu@o@t ilmgome hrahodinghts, for
caron of  tthe inco .
xS AT el GO RGOS Rl B 1 o8 SRyt i
had 4h ¢redioatatio gela;twoﬁftfr@cﬂlatqﬁ ldsprRddegosianges I Bther embodiments,
insulating fluids. FIG 28 is a flow chart
the; ljquigs isroze oA grethapak pbandlomewy! efridesanentjoptippanol, or acctone.

vet R hd b ReiFAdePSAEn RoRRESE Fy TR e AEhEH:Ry
includes petaAt The tcbDBasea sticeh®eltetrastatiatobuigalpotcatialbhaiineidferent than
oA St BRI A b oS ERBS RLld Fo2ERE vi

hal I@tglrg %Iéﬁ% ghalff%% %lt:lg}?!hla‘? ttﬁbl %feéc’g?stérqﬁoct églaggreég)@{ngiﬁgg regtsl‘téslr%a[htlally equal to

grctulné dn ethec¢mbalimenterthabgcosd ehcttrdmettlctdhergfelpomntlelha gomter than the

i QleERbidlie ChRrRiTaRab Rkt B S fulhrfl e igpd gleggostatc

chﬁ@@ﬁét%ht‘ibﬂ iPREChen ARETr&tdI@kod@de clRRd p&tentgimbodi nent  of
od 100 performs operation 102 after operation

104 Opgestign |1©ﬁ isjthan perfarmed tpaprly tredeuidbtodhe diglacirepumaterial with
th a‘%’t%{nﬁr?rt%ﬂ% R\ 1&%0%?881?@? ]gil%n%n Fﬁ%t Sl ihe
e O& ) SUC%W a] er

asas or C esa

d1e$d¢tﬁ@1¢1&tehal\/ i g eRarhple Sfie deIfBﬁdS h@h@ﬂ liguiAf dré Bres§edragainst a surface
sone tools include a plurality aof ridges

of &@psiaerl@%@ mg{eriabaickaldeast spaee of ta@ Hguid rﬁ%‘lrwéer@?dsff%ﬁ}erﬁgampmg
surPe oRtEht Iaﬁetlec@t‘?g MBRSaP WHSH h%qlqtﬁﬁf g?@hedﬁb &hd dhglga?w nﬁatenal
separate t stanpl ng surtaces ne spaces O

thecké@utﬂoeuzitma]nargas i3. altéreldlaﬂdmrdaatskocappﬂls ed to the stanping
surﬁaces ne emnpodi rrené He tool i S presse
ag aith g{m%?mﬁ?(ﬁ@gﬂts, e fool and liquid are connected to ground. As a result, the
tool and liquid partially or fully neutralize charge at the contact locations. Areas that are
not contacted by the tool and liquid do not see a significant alteration of the electrostatic
charge.

In other embodiments, the tool and liquid are charged. As a result, the charge is
transferred to the dielectric material at contact locations, while remaining areas of the

dielectric material do not see a significant alteration of the electrostatic charge.
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into the liquid. In another enbodinent, the liquidis

sprayed other otherw se applied to the stanping
waeobagest The liquid is typically at | east slpPghub3008/086982

conductive. In sonme enbodi nents, for exanple, the

l'iquid includes uncured acrylate nononer. In sone

enbodi nents the |iquid has an el ectrostatic rel axation

t i mAstaasuli of theeentagh hptweep thecdielsctip materjah apgd Hiediquid and tool, a
| t et hanol ,
Ch%%%ﬁ%#ggpﬂ%?ﬁégﬁéﬁéﬁy%ggk§8?ﬁ%(ﬁ&egﬁgggggg%e The t 00
I s Oppratiah [198 & thbie patoraied glatihy whivhdte tharge pateeh isrussdfoe
The tool . has,a second

enbodi ment s i ncl udes t al
subsp@ant BOCEHNg. dvk P?@a@l@gttgﬁ plhagge patiern isdised Toradirash fonep payticles to

hdD& fell €l ectrostatic charge potential. In sone
¢ e%%iggnents the tool and associated liquid have little

or H bGS H29-3fkillustuath at hztmplb enethaslodfrgestratinga clvaggpattern on a

t tial |
cnfigpbiekiicaatiy Bbneraltraaserd i peeLRERs
apﬁl?m%rlﬁ@kﬁtb al pa@Brolit}etobl, 58dh BldRehE @pédtibe 1GN3Rh&En in FIG. 28. FIG.

tential. I'n yet other enbodi nments, the second

32é|3ekiu&t1@§€t eamle&lOd & ppdypeitlemiiqud ta sdickestictthatarialhsuchias during

: . h
ofafibl REaR T uphey 2B YRkl RN octric”

mat §1Gad9 WiatsbhdridicREdpestiicngew dlstrhonge figst af)@atatﬁh of a method of
el ectrostatic charge pattern on the surface of th

apply Bk t anptteriing toolokheegpsrsion invaheesishent lé%pcpoaﬁmqréél“ and
l1q{11dql‘1'6d S?Eegr%gﬁ z%@ ]@r%af’;(?tqg%?r%alg?&y ﬁégf@ﬁequf glla& qlpﬁltee &f 11}1{3‘[%1 or a

materi a
shdet afiafoetiar @thtdriad nLt(j‘a&i Bl6a1|§’pblﬁtg1nsdl Mﬁt&ﬁﬁc@lﬁd@erﬂhe Contamer 114 is

anﬁg ipgtgigérr%'u@aﬂgtf erqogwm% Eq@ﬁgiér ﬁlréts AN i queet 112 dipped
intd ltatnlizrqu oAl HEANEAGTed. AORL r@ﬁ%ved ] tl%ﬁ 'Te?ye? ngum g %mélﬂseon

and liquid are connected tfo ground. As a resul
shwméliool and liquid partially or fuIIy neutral i ze

ool B BB ebh G vi5 e e 6 M 8 perion o
hesmaﬁbai b lighiatd @Pa@érninB@odl! ahk bPShkabh mveRas fRte 112,
‘ ot her enﬁg%rﬁ%ﬁgg'tthgatggﬁgéad i S?d are charggdteﬁs

liquidrld §uand, pattth@m@ﬁqf@pbbm Patterving oo} EY inplutprestainping stufaces 122.
g]?t gg{ée?g}egfqé&fﬁ‘as%%én @pﬁ%ﬁ't@ E}g pléﬁh i, g égl%'vrv‘%{ 1%'}‘1%' géa?n fhe liquid is

ctric na 1al a sign

nedl tta@kRtrcd fo Bt stahigd aﬁfawmabwau@hﬁﬁg;@omzm Tceaculsd tlcie‘
the contact between the dielectric material and t

stapipiig Wriapel 132090 pattgréngmiogbl 3 pessped agagehlidird 4 40 % sl@q%l 12.
f |
Patt%ﬁ-éfn%qgolq zowgl ghgqa‘ﬁag&\{ﬂﬁgrgh%ﬁ%ﬁﬁ 13! A EREF Rt 1E'q]9§1 1% i iy

forme e charge pattern is use
traﬁgferred onto stamping surface 122. In this ernbodlrnent patternmg tool 120 is

electrically coupled to ground.

FIGS. 32-33 are schematic perspective views illustrating a method of applying
liquid to the dielectric material from a patterning tool. The method occurs after the liquid
has been applied to the stamping surfaces 122 of patterning tool 120 (e.g., as described
with reference to FIGS. 29-31).

In this embodiment, diclectric material 132 is charged and then placed onto a

grounded plate 130, or charged while on a grounded plate 130. For example, a scorotron
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subsequent processing. For exanple, the charge pattern

is used to attract toner particles to charged regions.
wOo-@%0829t 33 i |l ustrate an exanpl e net hod of gRCEUS10081¢86982

a charge pattern on a charged dielectric material.

More specifically, FIGS. 29-31 illustrate a method of

appl yin I| uid to a patterning tool, such as during

is ype@ ﬁa@p tangplaniformrshargexg digtpatsic Batepial 132 J§f1?5alteé other
ché ?&l t?o Ocie lalye gd qu?ch évglﬂljl detsge(?ilf)lglr i oftd dlglect'l‘:lf: &ature of

ur| ng oper ation
maZfial 182 ganey c&ta%ettb eemalnaroga spafatesfidiclEdttsc n2eriad 132 despite the
schemgti c ?({spectlve view illustrating a first

Prgpuc sy isti Blattetdod of applying liquid to a
at
Pon EriffskBRL 127BFpARFLRL LA LAO KUY SAERE o Hiedace of,
dichetrer linaﬂena]sljidh Atdeant simeeof thé 11gh1d31§6 oa spingtieg efrfavetl P s
f anot her fe ..Liquid 116 is . ) )
S TR T TRl e ALHH s, B g matria

116 @catriigfed i ltaR] €14 @EmGRmAADehck | llgzll Howder éHhréJ]brésent on
first operation, sheet 112 is dip (ﬁl] into tank 114 ‘and

dicldetnic meteteled.6 th}ttaencpteqmtﬂwd by ligicn! Iceapdrstapfping surfage 12% is not

nelgraq'%ﬁcg S%n \?IGec@Ps%aUc ‘f argj: SR g]inl IFI gorgl gec Oc%eclectrl% rnalgelrlrrf1 ‘i %?

coiré¥pondih adtheshafepind ipd@erhiof Viaghpirg s’ﬂr@@é 12 off pagte tool 120.
The operatiaon invol ves fl ate 112, quid 116, an
pat Oshaiicapod pasntsarg usqbyk fop amlwggtaéarlrgfz@au iflqctidrematerial, such

as §§1ﬁgﬁ1le tgtlﬂ 1@8@]5 é]t%i%ge( 11&(18 €in %ﬁﬁ eHbng'_n?e&%%%?&ﬁtgwéng tool and

asslom@,wddlqluﬁi arte xhargasca(rsaﬂeasr l@deléclrlteh eosjlango adighuvdlage pdRer

patte 120. To, do so, the st surface
Suppi@ tgfn s lectra ﬁﬂ%fglaf%wotepélel fhat Bﬂé%aéf‘ééhaé‘gtg? ﬁ%ﬁt%%tﬁ{f. arge
potl:ﬁéalQﬂ} tlﬁah(ﬁ@l(ectili\]: %atgr?atl t &l @nﬁ@erﬁ%mﬁ-@tg tHeSdltt:IE@ch material is
separated from sheet 112.  east some of liquid 116
un¢lergadar¥hear thedhaoptdligtid msmmvgeé wfthadezldcmc; rnlaterlah chkarge is

o §1ogR bt et B3 icl i e BT DS oains on the

Coﬁggt&p@%;dn\ge views illustrating a nethod of applying
liquidto the dielectric material froma patterning
t ooSonFlembedinknds dloovufos chirge patteﬁ@mg |oql1'|1ilfdm|tva@,n -Bradgmat speeds

co@@ﬁjﬁ‘bl‘%g%grﬁcrgﬁgxo%tn Hg%gg)rc?%g%ﬁl\?%e g&r teop %ét%l%o&ﬁ%n virtually

any QicBctlic substrdtdlipsoeddiote BEvtratcdiae k@@to&leﬁeﬂg&k bi@htitldRith the
liqLi% b%ihn?gr ele)gsi&:rc]iq Stopn%r;:n%o?iicggntso a?ctcgrd?ng to the present disclosure include the
deposition of charged patterns of, for example, uncured acrylate which can be cured in
place after guided deposition of a second material (i.e. nanoparticles). Adhesion to the
substrate is of the same quality as that of any cured material. Varieties of monomers,
cross-linkers, initiators, and functional components may be used. The liquid need not be
highly conductive. As illustrated herein, conductivities in the antistat regime are sufficient
to enable adequate charging of the liquid pattern. Some embodiments according to the
present disclosure also include the deposition of charged patterns of, for example,

common solvents such as isopropyl alcohol or methyl ethyl ketone. The solvents may

then be evaporated from the surface leaving a charged pattern on the surface of the
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grounded plate 130, or charged while on a grounded

pl ate 130. For exanple, a scorotronis used to apply a
w@iwgnsaTsi al |y uni form charge to diel ectric naR€@r/Usi008/086982

132. If desired, other charge alteration devices are

used to achieve the desired charge. The dielectric

~nature of material 132 causes char?e to remain on a
diedqgirica cEhegthagpieadigdbytion ipmeeed ) thg delegirigyiuriace may be uniform or
f ] iagel] r
roERSERERARD, O AU ABL AL RO QTG ARt
whdihet thetliguil isddfein iceld2vapdiratt@ast sonme of the |iquid

116, on_stanping surface 122 is transferred onto
MEX 4 165 reterial 132, At that time, charge present

on ¢ efRphitEndBliSitml cxihBlds SIREH L BlbE SN BYdinb AY of this

116 from stahpi ng surface 122. However, charge present
disolvsateel ectric material 116 that is not contacted by

i quj d ' ) y . . .
nedt |G 1 9e4 Mt Sbe FRudheh S5 nakGierd ol Beyisede purerikes
me@Sured B 8&} FHab wloRt @nt@dted 3Bhi§ X r@HP NS NBiat Ratdd&a&B@B@an be

and pattern of stanping surface 122 of patterning tool
gerie2@ed by Heposéingodicwisa eryiate mgsemgt frémra gapwidgid wgnductive tool onto
acﬁg}ar g%ltc%ica gtl ellalectri c material, such as using the

palgf: ny ng P65 and t he [iquid. I'n such enbodi nents,

t he Takicasurtmentt 6pthc ARde ASS poteatif vdrd Mupsbdayen TRamndedt 400

(such as by electrical coupling to a hig voltag%

clegmowatics\ppipnaior with ahrek Medql 401 Bribi igk-rpgeddrohs e
[ eat I i C charge
Xy%%gée'n‘éﬁ)a{?geot? S? {11]8}6{%6& Iogc??llﬁéﬁﬁrﬁﬁ?g??la d In some
enbBI.r3ens s ptdief dicetr@tdtici chargatpetenahl dnsthe dhatrireciateihlestter
the charged Jiquid. is applied to.the dielectric .
chifgingt f‘a@l,%leemrfgaéeﬁ@- (gt peRrrirmRd UHaS Bicheipe. but &R
scbfr&l. THE A Wrehd\@Srotoh &hs dhdlfded ﬁfr&?%l{ £IRO0Rn RistRe The
contacted regions. Sonme enbodi nents allow for charge
compat-eantiing gleotrodch@ guldpltedseatteothtblaiee vds heldrpasaifediwltage

m crgf | exopr.ing,i rogesses can be .us .
s PR DB o TR PRI TR G U e 1engQhup gssisor
calRbOMededed BELSYBSHIrah & hamamthilAGR aPORNALIBShiER RA LB of the
wth the liquid being deposited. Sonme enbodi nents
appledoiotirgrytotthe sqpsotpmeladn Ticsti¢logitie enatarial wae tappé to a top surface
osi;t i gn er 0 faor lLe
of SEREPUG S0 Fuaf BRIRTR REL NS wRler ieborg BB Gpe o eap of bout
1m@nlivde Betdep fctsbodtroh and SRadectHahRtdral. This €aused the top surface of
nanoparticles). Adhesion to the substrate is of the

thestiphactijg aterial tsbe ehargedto gpgrogimade]y Mg sprodron sgigen geteaidal.
of o bt .
M S Tl e
Aschoendi Fi e .34Asheirbdultatyr divagtd ke edtric manidLilctd a/surfaes potantial on
thg ar%t'st t reqginme are sufficient
the order ot about 900 volits.

e
¢d to a manual

FIG. 35 is a plot of electrostatic charge potential after removing charge from the
dielectric material. After charging the dielectric material as shown in FIG. 34, charge was
substantially removed from the dielectric material. As shown in FIG. 35, the resulting
charge potential of the dielectric material was about zero volts.

FIG. 36 is a plot of electrostatic charge potential after recharging the dielectric

material. In this step, the scorotron charging device was again used, but this time with a
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to enabl e adequate charging of the liquid pattern.

Sonme enbodi nents according to the present disclosure
w@bk®o/083161 ude t he deposition of charged patterPGI/U82008/086982

for exanple, common solvents such as isopropyl alcohol

or methyl ethyl ketone. The solvents may then be

evaporated fromthe surface | eaving a charged pattern

blagg pp’ﬁ:@tl@llgf frak¥. ogfs shawaiieFEe+36; the rewdtinghehagge dielectric material had
lectric surface nay be
@ Sgllfg({‘ cﬁro?néﬁtgrap&{t gg,?({netégﬁ ?%&érlgﬁ%g%ﬁof the type of liquid
useHIG.¢7dep @mt of élhetr@sltrﬁfcgﬁa@e gotergalrdditisdiclttrishedttieal after

the liguid is left in place or_evaporated. Exanp
stappggg, Wiy 2 g‘surﬁw&afﬁém%wwg QIn-Tihe pptt ?rﬁglgész%lﬁmsergacle from a
o 5 B0 L SR 5 ST N ol v
eleomcallyjc@ipéedtmgnoumlt eri al as nmeasured in tests that
onducted. This exa S t hat . char ge .
bat R R b e PR BB GBS SR e of the patteming

tocA b & Be %Ri%@é‘ﬁei[luitfa@éﬂ ia FGS uz\sﬂg@l ARRAME hionBmcPRAs a%Hn@ucnwty
a charge dielectric material. The nmeasurenents of th

on theedrdertafi 16 p?dme nklicastanping surﬁq@p%@lf thy pattcrniak tow dedre 400 pressed
a 1ns%%he cilsé}‘ atd (Pel C(%I‘l rna% Flal ¥ (frlgm% Jyek Mdel 401 P-E
geh ‘b e%: obe’ rount ed 't Yanual Xy stage. A probe

to $Hé%s@lt1@§@le@fros’i&tmidhafg@ﬁo‘€@$1alh§ eltustridein BAG 135 arlelredulting
of electrostatic charae potential on the dielectric

cleptpaticahaggetnorensinbingiupes 4 pritean of detgedacgirernddpss-charged
rediIR! 4l %héﬁ%%]f)e%[gng éggdo#rcdnﬁ Bosht ¢ qg?%%ﬂh o910 ICF %nn) have an

corotron e SCr € scorotron was dgrounde
clettaospatgipaen2ivDbinabioas 1 4X0orolts, kil ccthe dasa-charigtd ragdpns (e.g., x at about

| ect d- pl at ed t oot I hel d
0 g ePo Smvg bkl SRRgLC ePRBHhaN “ba0l Sl brghe.the
refHsURERYdACoRRNGE BYHR!rterhli: GO A ER S RImGRIRG hat b

screen of the scorotron to be naintained
redootcecttarg thainarchs thst wercuot cordactat byt the pamrhmgdooylcamﬁ dlgpeacrylate
to the scorotron blade. The dielectric material was
MYIEH to a top surface of a grounded al uni num pl ate,

andr@s 38asvsifldstiinelglectidititie €asRk ?@i&nﬂﬁy bk @.dided@APrfferial as
about | mm was between the scorotron and the dielectric

moggired indests et wereanpsductedelhasp cxamplacghonf thatyharge patterns can be
gerger%[r oﬁt Ei(L: osi TRy eurnlc{ilxle lPa% &%ﬁgﬁgﬁfr&% %Q{gt%ﬁ gnﬁérﬁ t&;l onto a

SC SCr scoretron

relethahgimbathed Id@edﬁ%m@i&ﬁﬁg €Chet dhagch |a6@ﬁ1t@ﬁbﬁ6ﬁ1bﬁéan&ﬁen be used
+7kV. As shown in FIG 34, the resulting charged
to ffragtdengripartiheri al had a surface potential on

FIGS. 38-40 illustrate a method of generating charge patterns on dielectric material
160 that is capable of attracting toner particles. In these tests a patterning tool 150 was
used. The patterning tool was a piece of gravure roll material with flat features having a
width of approximately 100 micrometers. A portion of the tool is shown in FIG. 41.

FIG. 38 is a schematic side block diagram illustrating a first operation of the
method of generating charge patterns. The operation involved patterning tool 150 having
stamping surface 152, a liquid 154, a dielectric material sheet 156, and plate 158.

The dielectric material sheet 156 was placed on top of plate 158. Liquid 154 was

placed on top of dielectric material sheet 156. In this example liquid 154 was acrylate
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t he order of about 900 volts. FIG 35 is a plot of

el ectrostatic charge potential after renoving charge
w0 e@a08d161 di el ectric material. After chargi ng PEEUS2008/086982

dielectric material as shown in FIG 34, charge was

substantially renmoved fromthe dielectric material. As

shown in FIG 35, the resulting charge potential of
mongecy Ratiegning ook @ rirarleqEisalibenpledde 8 voBrgessoumegyhh was a

j . of [ a i al -
OSSR (oG DR A sy ST REpRRERRR IR 130 LS ppegd imo
ligsidarsdtsuenthahlaqudd hfy cexsrédceamping dgdide 153e @attuingttbolsl 50 was then

tinme vvitp abl ade potential of +8kV. As shown in FIG
remeyed g hawidilofng charge diel ectric material had a

sur FRE 9ROk @Eﬁe'n%ltic@ﬂietbrf&kclﬁéﬁém‘?ﬂclusﬂgﬁﬂé a 14004 %ﬁéﬁaﬁ n of the

FIG 37 is a plot of electrostatic charge pote tla? of
methvel dfigeh@eting changt matticrds. dht eperstiammivotyedvipttteraingitoplildo, liquid

oat.ed .patt er ni t ool . The pa rni ng tool was de
15§ 2fitpeirl Shtsgied s 08 vl HEE) Pl Aot i o B that was
cleBRREIDX LAII&] % gPoulidl ¥RAMNE2 whbehduaRld ofasruBb&Glaliileal Dyelectric
coupl'ed to ground. A thin coat of acrylate nononer was

maggsigl il edwepmovatep on guiher pat &&2. dlatterengioot &thinalydedastamping
hr h_the process.ill ated in FIGS 29-3 1.
e e R G BRI S SRRy B he or der of 10
10SStamphipesusfaddTPs N@asprictRE @gainlt pahernpat thelr rHong ap®9lliquid 154
were then pressed agai nst the charged dielectric

to e of shrdeqtagrppicaial 1o Fatisuning gl Erbwey s sapeyed from
dicfa at%ﬁale{g()'. Egon{esof{llqgﬁ%isﬁu%ﬁlqm'e oh ki ?u%élce Eptglelectric material
C entra uaes a

resulting electrostati arge po I'nc
lopattern of charged regi ons and | ess-charged regions.

T BN S S iy B AN o k[ BeRRs Eip e paraheist without

pad@ PNt AL4QR¥Q] ESowWMRE L 4Rl 188 23S BRI 8QisRPness of the
(e.g., x at about O mm and about 6 nm have an

cleetredialdfvmt dhargedtignidi alhcofformbpad 1200 notolegwiredTher ef or e,

t he gjons that wer ontacted . the patterning t

and FIa ER Ao it iR St MYl BaRahif b rirhar et the
me AT g%ﬂ@hti%&lﬁrg%att%ﬁﬁt aht @feadon MOoRAY URNEHMIMERAKL 160

and the acrylate nmononmer. FIGS. 38-50 illustrate

hawipg pattasredaliquid ¢ prathgecopopasintiZapnyd plated 6di & additigns toner 170 and

[ measured in tests that were conduct ed.
pla%%{e’}sa%w%fﬁ%q‘es show t hat charge patterns can be

genetzad eIk Wys depes blatdhatmedsl edrigdi\oaped pRRd. Tomn170 was
a charged patterning tool onto a relatively uncharged
arrgpged onttep ef platedi’Cal . The charged acryl ate nonomer can

t he?le@@ 168 'f)gd, 162, and dielectric material 160 were turned upside down and
placed into close proximity to toner 170. Plate 172 and toner 170 were agitated to
facilitate transfer of toner 170 to dielectric material 160.

When dielectric material 160 was placed into close proximity to toner 170, an
electric field generated by patterned and charged liquid 154 on dielectric material 160
caused toner particles 170 to be attracted to and stick to charged liquid 154.

FIG. 41 is a portion of patterning tool 150 that were used in some tests. Patterning
tool 150 includes features having a width of about 100 micrometers. A gap separates

adjacent features.
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to attract toner particles. FIGS. 38-40 illustrate a

nmet hod of generating charge patterns on dielectric
woraioenssas1 160 that i s capable of attracting toPEr/US2008/086982

particles. In these tests a patterning tool 150 was

used. The patterning tool was a piece of gravure roll

material with flat features having a w dth of )

app PP -7 Jlusigge thecestistod thyee mepatsie fesih cenducted ap dejcribed

P . E . N |
wilihoEREH P e tip ol P phBofind RO TSR o Jhé rosuls
of the fyetrtest atd itigstehad peFIgat eThs resuliscofapesabndtesi are dlusadted in

t [ tool 150 havi t, ' : 52,
S (i 1B el e B HOSsB 2 pl at e
158g1dhe d 'a?h?%gfa{p‘ﬁ Jrafedib b Q&ﬁ%ﬂa]r gﬁ(ejﬁ’l@i%n&' 1RER P1a28d into

top of plat Liquid 154 was aced on top o
clodé ptogotity o ton¢rgrartadlessheimi alfét tedtn In thiedirst¢astpthe atraugeingnt of

PIGE 7 A 1 S B4 504 bl Ea gk S Paer P B giieay
coptédtd, padeiith Nodh1 300k 4AQE 1PN VELe 1S4tiRPLed (e FIG. 38) was 25%

patterning tool 150 was pressed into liquid 154 suc
wetghapetcerfulapentbum eoaiaselinsvigthyl RdykKefoae EMESD coated to about 0.005
inC:Eat Oefozginq&)t[hq% 150 was then renoved fromliquid 154.

Ke e eV 3"€ehemat i ¢ side bl ock diagramillustrating

a sevipntheprletricanatefialtvie praich ol clofe SroRBIiaL onBe tnar, g toner
patterns. The operation involved patterning tool 150, .
wap piiiscgd fo e chpiged digvidpafigine /} ARotegaph phiye 1&pltingfgner traces is

t P | t
sh{iE &n Bimptd SHQ1E ittt Gope TEH o Bl e bndtBBapt |
a r Fbber43pédlart pRhotoRraphe of thie didiates materidbiItonhsying bodreglaced

.on rubber pad 162. Patterning tool 150 included a
intQ £lowe progiraity Foaée t%épﬁaefeﬁau FoMPAGLest Ipithrsegondipstathe

arrERHch PSR R0 §-;40$$e§>"ﬂ@,{3cﬂ QxS4: tiE ﬁ;b’o@lz?é’&als&%e%%@ Hsed between

agal nst patterning tool 150 to apply Tiquid 154 to the

dicdastriameteufl Wileindpiate ¢64atler DEIpob&d suipdy tlectnicalty ¢ampled to

L SR L T A -
aci¥a8 BRAVIEKCcoaRQH 0@05 1aes Abbhoy 017 MbfFthidR. FIEYSI3tdg 44 arc

use of pad 162, sone tests were conducted w thout pad
phategrapiagofdtaectifferent iseloanof diplscisanaierig 440 isudiemtpact igaces.

e e tric fiel r . .
FIG S R B AR Plosd o7 SRR 8 e Pt maeria
1661 G 40 is a schematic side block diagramillustrating

a third operation of the nethod of generating charge

pat F¥pRstO-Thare gbaiogiapbnof the dialesiriamaicsiat 4ffcs hging bpef placed
intd8fdse proximity to the toner particles during a third test. In the third test, the

arrangement of FIGS. 38-40 was used. The DC power supply electrically coupled to
patterning tool 150 was set to +1kV. The liquid was a 5% weight percent Accentrum
acrylate in MEK coated to 0.005 inches (about 0.127 mm) thick. FIGS. 46 is a photograph
of the toner traces on the dielectric material obtained in this test. FIG. 47 is a magnified
view of a single toner trace obtained in this test.

FIGS. 48-50 illustrate the effect of dielectric material thickness on electric fields

emanating from charged liquid 184 on a dielectric material 188. The experimental setup
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havi ng patterned |liquid 154 thereon, pad 162, and

plate 164. In addition, toner 170 and plate 172 were
waswdosPsate 172 was a netal plate that was  PCT/US2008/086982

electrically coupled to ground. Toner 170 was arranged

on top of plate 172. Plate 164, pad, 162, and

dielectric material 160 were turned upside down and )
wap dadenpditampde] s sysieraxhown {n F1§. 8 rvethoptonep| I and pyith diclectric

7 e . i1kt transfer of
ma?é(%%étrlgq% lgaéiolcﬁﬁg{oglg?%déﬂr?gdtdsélﬁ%q %\Pl%iééh.kc egh di el ectric
mat E1G8 488D quesatplehcildstiant the clfosteofpad Xhiickicys drothe @ieetric fields.
%}g, an electric fiel d.gi;ener ated by patterned and
In Erargaw!e i 1alcass e a2 siquntediB e Prdictiy gplaical e dhe
cofRiRBle Pafetl &l e@&t&czlgytc&%?@dﬁ; ﬁl{)ﬁﬁ&.eéhérge o}_?a'{t'eﬁliédtliﬂuid 184
charged liquid 154. "FI 4 17is a portion
wap applexdrio dggl¢oorad mafsfiak Rt Avescend sedlucnvesplate 188stas.spaced from
Patter.ning tool 150 jncludes features having a w dt
theegEg st R P el et I g Pl Si5RA LMy Selilt¥8 was also
cleb@RUNY BSuptddaS-grédrdd Mhiclel détid @I it e spRSWetwecAldidIftBE material
separate tests conducted as described with reference

182 andrhesec@g-candusticie pBkn & wes peasveadriis showo o1 FIKHowR-50n The

F.G, 4 1. The results.of the first test  ar . . .
refl st b iSRG gl Ble OR0 R ashigner giggpue
matdrRal (FIGUSOY thh@drithn thicaS: dididctfid malditul (EISUURE Tifis bligests that

third test_are illustrated in FIGS. 46-47. FIG 42 is
shgp@HBRsr Hbcat wilk thinegr dialedtéc watcsplsal after havi ng

been. . \ L ;

e S 15 B g PR B 6
froar 4 thing éickotricqfadFiEout 3Badjcanasibusgthdi(agl, Ud? Rigow i EIGS. 39 and

ad 162. The DC po upply electrically coupled to
40)2&&?@%#%%6% g@\éﬁ{ﬁé@y%&ﬂyﬁo +2kV. The liquid used
(€. @he abd\@ sp@FicHRD afin BHRH B hreRRIIERDA o ARGEMNL 4 é’(gﬁlpblete

acrylate in Methyl Ethyl Ketone (MEK) coated to about

de@riposn phithh esmn( ey amhysetdfiipekiculhembodienedise IBecaust cnany
eri al s placed in,close proximty tq the t.oner.

e g Reeh R e o ok b Te B eHETE Rt ARG rs Wiosure
theAnM“s%p@mpJgiﬁfoftt&eqig&@sﬂré teRM i@ RRIbréd B EMinSosthOWRIms

An O ynmpus SZKI 2 m croscope was used to capture the
hegsheftoggnpendedr| GS. 43- 45 are phot ographs of the

dielectric material after having been placed into

close proximty to the toner particles during a second

test. In the second test, the arrangenent of FIGS.

38-40 was used, except that rubber pad 162 was not
used bet ween
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dielectric material 160 and plate 164. The DC power

supply electrically coupled to patterning tool 150 was
w@ei09ngs75 kV. The liquid was a 5% wei ght per ceP€T/US2008/086982

Accentrum acrylate in MEK coated to 0.005 inches

{ thick. FIGS. 43 and 44 are
WHéﬁggg%AgMéD “two different regions of dielectric
mat erial 160 including toner traces. FIG 45 is a

hi gher magnification image of a single toner trace on
1.t hé miéthddel mopdifyrag eldrad ol 8dicldelrESnag6aly theamethod comprising:

Do Sh M ARE ekl Mgl Wi Pl P o g Seehbrati
parti cl @argWistAButdord 61 4 SurkR8  the bRchd@atichihhtheld@tibutidne

arrangenment of FIGS. 38-40 was used. The power
suppl y @p#seradirelgtivg tochgrioredpetentyds t er ni ng t ool 150 was

se . +] i i s . 5o% i nt,. .
Ao lfpEt Koty B s Bl b BE D B bistecui
(about Mattddl;emgy thick. FIGS. 46 is a photograph of
the toner traces on the dielectric materi al obtai ned
i nat|gass ppigiatly ramayingtheiak legstveggklv qondussiveliaytd fromthegtuaface
toner trac [ i, N dehi Fl -
st rafa RSMEHRELNY DpictnEpibaRhadC g Smhurtape.
on electric fields emanating fromcharged liquid 184
on dielectric terial 188. The experinental .. . .
2. ootfipisBofabilaind: vBOEHbF ot ket SyataPLnEIRC huid igannisd
haviNy 4 POWhtidl A8 Fanké GrofDebott hebaaleh €006 161t BLBbiHosHRE 18080
pad 162 combinéd into a single dielectric layer. FIGS.
volts48-50 qualitatively illustrate the effect of pad
t hi ckness on the electric fields. In this exanple, the
dielectric material was nounted to a conductive plate
3. 18Phc hbthog @ndMGH i1y RheeRt e Welsa s ekl coadihcyive A pidas a%lﬂied
~ground. Charged and patterned |liquid 184 was applie
havinga woledge substantigty eqyadto thgzroyndwetidl conduct i ve pl ate
188 was spaced fromthe dielectric material and the
patterned |liquid. The second conductive plate 188 was
4. al She mkgotl lof chalr Y, wherplnatle tiquidriooindof métkarell eglidnot; methyl ethyl
field in the space between dielectric material 182 and
ketong, SOREPERR]: LSHIGCR Aechildife 188 was neasured as shown
in FIGS. 48-50. The results show that the electric
field is sharper and nore focused with a thinner
5. di €hemtthiod ofralaen il aivh§einGhe HG)idthaan dwild¢diri@cdnsiaokiara range from

abougmlpsagqto{lir%%rmteri al (FIG 48). This suggests that

ges Wil result with thinner dielectric
materials. Simlarly, these tests indicate that
sharper and nore focused images will result froma

6.t hThe ticdlod of elamm padheietnibeliqaid hasipacleprostaiisyelex e time that is
less tﬁlgﬁ gptoc%gsztinsla%vvﬁéréig th':eI e%trogtgatig ?ecfaxation time is less than about 3x107

seconds.

7. The method of claim 1, wherein the weakly conductive liquid is applied in a pattern,

and wherein the uniform electrostatic charge on the surface is arranged in the pattern.
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40), although this was not specifically tested. The
above specification and exanples are believed to
w@e@viogkssa conpl ete description of the manuf ackPCF/ESzNg086982
use of particul ar enbodi ments. Because nmany
enbodi ts can be made without departing fromthe .
8. sg&mﬁtﬂ&ﬂaf EoGpEngen ety %&W@?ﬂ%@%%@le (Cigeaterind, the
nwﬂﬁgbgﬁ®ﬁghg;he di scl osure reside in the broad meani ng

of the clains hereinafter appended. WHAT | S CLAI MED | S:
1. oamatghwdicsttrivoditéyil hgvingarfgst ahargs pdiaatielst ri c

mat er.ial, t th conpr.i si.ng., obtai ning a . .

o e oh e r RO OGS b B S ha e diekeswin
el ect r ogh@tihIC tHeh@ ISt Wiakly tdhdhiEtaR 191mi@h§vlﬂﬁdg 86Rond Bifarge

el ectrostatic charge distribution neasured relative to
a grounePtestalrinidal ; appl yi ng an at | east weakly

CoRE ARG, O BRSSO g

weakl y leavidg e silseanltialy ugliférhogeéthstasioichage oh el@vfimgp@tion of the
substantially uniformel ectrostatic charge on the
sur f acediclsctrippateitlhod of claim 1, wherein the at
| east weakly conductive liquid is applied having a
potential in a range from about negative 10,000 volts
9. t oThbmathoposchim &, 4Bc00thy dielsiric3matthel acvetphses ofvelel ai m
1, wherein the at | east weakly conductive liquid is
appl i ed having a voltage substantially equal to the
10. 9" PRGBSl P Elafh 8, @herMEhERINQE i Ohatehigl HEs b lcn¥aebLitNeast 3
the liquid is one of nethanol, ethanol, nethyl ethyl
meteket one, i sopropanol, acetone, or an acrylate. 5. The
met hod of claim11, wherein the liquid has a dielectric
constant in a range from about 10 to about 40. 6. The
11. MeThoghe@bd Off alalh 3, whbeirdiaih g al diflbételc hSerANhaving a first charge
el ectrostatic relaxation tine that is less than a
poteigiabee@sBrisasire, wherein the el ectrostatic relaxation
ti 1S ] - : 0 5 s S . - d
of OBplafyg B QBT AXRHLI it Rt R RR hade nLRGE 4Ae
applbsedtially gcupatiziap charge on Weadielectrit heatdiiul fsathrthat the dielectric
el ectrostatic charge on the surface is arranged in the
pat t er ningterial has gp gyerage ﬂ@ﬁ%ﬁ‘r%ﬁ?qﬁﬁ‘f%ﬂ&u&%ﬁﬁ? ysktsati ¢
charge pattern on a dielectric nmaterial, the

12. The method of claim 11, wherein substantially neutralizing charge is performed by a
neutralization system selected from the group consisting of an air ionizer, an electrical static

climinator, an induction static climinators, and a nuclear static eliminator.

13. The method of claim 8, wherein the dielectric material is moving while applying the

liquid to the dielectric material.
14. The method of claim 8, further comprising placing the dielectric material into close

proximity to toner particles, such that an electric field generated by the uniform electrostatic

charge attracts toner particles.
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nmet hod conprising: obtaining a dielectric materi al
having a first charge potential; applying an at | east
woe@kiogs7eponductive liquid to a first portion OPCT/H82008/086982
dielectric material, the at |east weakly conductive
['igquid havi a cond charge. potential; and at | east
13. pafﬁff @Fﬁhyg Pgﬁlgwﬁé, @ﬁtgeﬁ SoqN Hirkroing e @P?rﬁaﬂ&@?stqnawhe
dicle®rictigegiiel ectric material |eaving a substantially

uniformel ectrostatic charge on the first portion of
the dielectric material. 9. The nethod of claim 8,

wherein the.dielectric material conprises b. . 10.
t6. ToEhCiabia S e i ufelRiibl faiehE brSeef réRiia ae ghe
dicleb@R rAath@196 fraffferahe td@SparBclBBihS scchitd mbR@ialBidRehRing the
claim8, wherein obtaining a dielectric materi al
secomchpiaisgiabfiemithe dl@}?ﬁ‘ff@énfﬁ@tlgnti al conprises: obtaining
the dielectric material having a non-uniform charge
potential; and substantially neutralizing charge on

17. t hehelimethed of tlaim8! @hé@in applidi theaiquide tiek Btseportios comprises:
mat eri al has an average charge paotential of abqut zero

vorRrdying she feydd fast PRSETRING E9okiherain thehse@idypatterning tool is at the
subst ant.i.gld Mlap%;;&&{d’agia g charge is perforned by a

neutralization stem sel ected fromthe group
commilwhg Ay lafuidto the diclestriczrateriarfrarh dot prattcalingtoat. i ¢
elimnator, an induction static elimnators, and a
nucl ear static elimnator. 13. The nethod of claim8,

18. WNeREinRihbA®Sf eiafth €61 \th&eﬂﬁaa‘pﬁgzﬁr?% liduid Y h&rE b1 comprises:
applying the liquid to the dielectric material. 14.
Thebtamingodsheét aflmadtenia, further conprising placing the

dielectri terial into clos roximty to toner

pab g e ST Gyl P AT TS el'a generated by

t hemdRidomesieleest magtial frém ehliged atdhrthtaScoh@MEH liquid remains
particles.15. The nethod of claim 14, further

conpr i stthyswince efthersbedtosnsl particles onto the

di cLri | af ' 4 :

o FERESRE e Bhe Bt pd R ol e FRRIRReThoid0 R oriqof e
di el ect ¢daingref Bquidlonfoaht panshiag tddie toner particles to
the second material and renoving the second nateri al

fromthe dielectric material.
19. The method of claim 8, wherein removing the liquid from the first portion

comprising removing the liquid using one of evaporation, a heater, an infrared heater, a
convection oven, a wick, a wiper, a squeegee, an air knife, a microwave, an air convection

System.

20. The method of claim 8, wherein the liquid comprises an acrylate, and wherein
removing the liquid from the first portion comprising drying the acrylate onto the dielectric

surface.

21. A method for neutralizing an elongate web of diclectric material, the method
comprising:
electrically coupling an at least weakly conductive liquid to a ground potential;
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17. The nmethod of claim8, wherein applying the liquid

to the first portion conprises: applying the liquid to
w@2@ansssni ng tool, wherein the second patt er nP@US0$/086982

is at the second charge potential and applying the

liquid.to dielectric material fromthe patter.ning

t ogamitg’s SRbelisrmET dPag 4FEC PRIFBHR tﬁataga@gﬂnﬂﬁely

l'i quid §u%st§ntﬁ’aﬁfyte%lhﬁ?l't89hé a8liné 6‘EEﬁtia$eS obtaining a

sheet of material; immersing the sheet of nmateria

i ntromtiying 4 auriion of tbrovitmyouheck irede lighidtatcempkeitely cover the

the |iqui at a c id re i NS, on

sor  acdsfior HEReibRie® 4G b bRRtutiee shTeh o IERRRGCP o8
i ﬁBﬁhdifﬁgﬂhmpbBﬁ)nRﬁttﬁeeédﬁhﬁﬂodsG@éb frém kg fi@rand portion
of the coatin quid onto the patterning tool. 19.

Thet laest hergiay gml%g ﬂmeélqumré ith GoapBYOUIgYeDHASter inguicEping.
fromthe first portion conprising renoving the liquid
usi ng one of evaporation, a heater, an infrared
heater, a convection oven, a wck, a w per, a
squeegee, an air knife, a mcrowave, an air convection
system 20. The nmethod of claim8, wherein the liquid
conprises an acrylate, and wherein renoving the liquid
fromthe first portion conprising drying the acrylate
onto the dielectric surface. 2 1. A nethod for
neutralizing an el ongate web of dielectric material,
the nmethod conmprising: electrically coupling an at

| east weakly conductive liquid to a ground potential;
obtaining a dielectric material having a charge
potential that is not entirely substantially equal to
the ground potential; imersing a portion of the
continuous web in the liquid to conpletely cover the
portion of the elongate web to neutralize charge on
the el ongate web; renoving the portion of the

conti nuous web fromthe liquid; and at |east partially
drying the liquid fromthe conti nuous web after

i mrer si ng.
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