WD 2009/ 085751PCT/ US2008/ 086982 APPARATUS AND METHODS FOR ALTERI NG CHARGE
ON A DI ELECTRI C MATERI AL Technical Field The present disclosure
rel at es twormeedmssesiand systens for neutralizing or othepardas2&aios@st ng t he
charge on a dielectric material, such as a polyneric web. Background
Neutralization GCeneration of electrostatic charge on webs (e.g., polyneric
webs) occurs frequently in web handling operations, where the web noves
over and around various 10rollers, bars, and other web handling equi pnent.
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and separation of the web fromthe various rolls and equi pnent,

unwi ndi ng/ wi nding rolls of film andMAlEdde of the web to E-beam or corona
treatment (AC or DC). Charge in/on the web nay al so be present from

previ ous processes, such as electrostatic pinning of the filmduring
casting. Electrostatic charges on TeghnigabFiekh be detrinental in the area of
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"Coating & Drying Defects", CGutoff and Cohen l ey, NY, 1995). In addition

t o i nhonbgeneous char ge patterns honogeneous charge can al so generate
coating defects. 20l n the photogramickeidifligstry, for exanple, a significant
of not

non-uni form thi ckness distribution a phot ographic coating nmaterial often
results WMﬂm;ﬁﬂﬂﬂLnaterral IS applred to a randon1y charged web. Because of
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t he web afdipniear, ehyvmbmgfem&hﬁgroﬁl@ of silra land oxpos ticfodthn &b tddEreean o sdmbnzbut i on
whi ch necessarik%presults in an increase in the use of relatively costly
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this non- unlfo distribytion a i ts di sadvant ages .or enpting to
Sneut ral 1ERUE PRGOS UGBt b AL e S RS SRRt rEPeR G4 yi no
t he phot egrRRBMNiqaidiedritd 8c BRFMPIRI form undesirable patterns (see, for example,
"Coating & Drying Defects", Gutoff and Cohen, Wiley, NY, 1995). In addition to
inhomogeneous charge patterns, homogeneous charge can also generate coating defects.
20 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
25  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



Various techniques for neutralizing charged webs arc known. A
techni que described in U S. Pat. No. 2,952,559 involves passing a charged
web bet wewo 2809@57510f opposed grounded pressure rol |l ersPChatS2e08086982
spring-force biased agai nst 10opposite web surfaces for the purpose of
neutralizing bounded or pol arization-type electrostatic charges and then
bl owi ng ionized air onto surfaces of the web to first neutralize surface
char ges avatagrahiceeating maferglsgaorde i piodueanseffacire cedtiag deicknoge| Visilor to
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r oons. Electrical Static Elimnators, which consist of one or nore
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WO 2009/ 085751 PCT. ng 008/.086982 for electrical static elimnators, such as
MKS Ilan Spepiiedo dhd osiere Wkfars ¢135&-s Tool Works conpany). | nduct i on

Static Elim natqfifer ibnglheMGcRRuSh (Es ARYIES YETS, RN IgddigL oS are

generated in response to the electric field die fo the static charge on the
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However, the net neutralized web may still have substantial charge.
neutralization systems, such as:
Air ionizers, which provide a source of ionized air. Air naturally contains ions.
25  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

30  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



15The use of liquids to neutralize static charge on dielectrics has al so
been nentioned. The basic idea of neutralizing charge on dielectric

mat er i al swoypo@xsemsing the naterial to at | east weakly ceotmskeososdosi ds
with a path to ground has been nentioned in the literature (see, for
exanpl e, page 956 of J. Lowell and A.C. Rose-Ilnnes, Advances in Physics,
1980, Vol. 29, No. 6, 947-1023). For exanple, U S. Pat. No. 6,176,245 Bl
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cl eani ng %%%tcio&%m?;;) a front slot and supplies an undercoat from a back
slot. The undercoat’’is applied in particular to elimnate static generated
by the scrapi mgduetibn Static IBintih&aisl whichakdipdseine devitdrewlhidro ntutallioing ibhsSire Pat .
No. 6,176,245 Bl places nqg explicit requirenments the electric
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Bl does nnrtdlebptsi eid brysigsat e that the |liquid nust provide a path to ground,
although it is likely that the slotted web cleaning and destaticizing
appar at us usedVy5ear §&tic Edipiaptore thidheseatatpas 8y the igaiatier plar melespical “such
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r egar di nghttpes.t Yhae afe aftwarage dillsd Nublgbi Bars. whi ch woul d be renedi at ed usi ng
t he par at us. 009/ 085751PCT/ 1 008/ 086982 U. S, Pat. No.
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remai ning fluid) a continuous film A purpose of U S Pat. No. 2,967,119 is
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tank. Furthernore, U 'S. 'Pat. No. 2,967,119 does not specifty the types of
char gé didseritentivabsldanate adelcstdlrieiag eppdrytus hbichSpmoeesdcaanty sappmnat as.

U S. Pat. .. 6,176,245 Bl, U.S. Pat. No. 6 1,679B1, and U.S. Pat. No.
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not di r eclagbul R t6lbhintcdRatRf o bRy RO §rGfnd bEtaritRULIEANS: solution at the
Comrerci al | y-avai |l abl e nethods for élimnation of nontrivial static charge
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in final products. nerat.i.on of .a ttern char ge, di.str.i i n
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is afamliar exanple of this process. In the xcrox nmethod a phot oconduct or

cyl i nder Goadugtive selyfign.chbiegbed. Pat. Noghtl 70 24§ Bdrflogs Bef axplieifly stasy 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
30  cleaning solution was removed. There is no discussion regarding the type of charge

distributions which would be remediated using the apparatus.



25 areas of the photoconductor, |leaving an electrostatic pattern. Toner
particles are then preferentially attracted to the charged regions on the
phot ocondwot2009/086T5¢at i ng a toner pattern on the phot ocorduatserosogdosnder .
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
t he xerox nethod which have been applied to copy nmachi nes and | aser
30printers. HIWSvBt; Nohedal. 078 dasembds axqupensys aphy 2 sstike aBparetlyaon
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m cron patterni ng capabl it xer ography met hods, i ncl uding
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char gi ng 2,91, Lideddeh @otspeci6yf thattyids of tlrgediniribuasaohyt 4o¢ addrsss¢dPby Mesqui da, A
Stemmer, Adv er. 13 (18) (2001) 1395; N. Naujoks, A Stemrer,

M cr del ed’cr?‘iﬂ%f%n‘%‘?’?@’?‘f?é‘@rl ng 78-79 (2005) 33 | ), stainless steel needles
(T. J. Krinke 185, Bt Nép@né’@d@BlL@tst P£§N886 Q?P@@Bﬁ%ﬁ@b IpNANY: St anps (C
R Barry, N Z Lvv-in, 'W Zhend, H 0.” Jdcobs, App. Phys. Letters,
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or nano-sc e char at s. have al so been generated using focused ion
and el ect¥ é%qzi%‘g%ﬁf If{ﬁ%a }nét al, Langinuir 18 (2002) 7648). The

net hods of genesmbReIGORLIMIE BRI RCI RRb RS nBRIQRREC ahgye have been
able to address the feature size limtations of standard xerography

t ech@Oquelistuibitetnsy dhsshamsdisthleutionace erysapgnidicanstigfagisig fimabpredesituct or
mat eri al . However t he met hd t. oned acpolvet are. eneral ly very sl ow
and/ or re§dc (& dfdlerdied LB SE L BB s, for exanple) to
achi eve the flmmgesmeﬁlsfoﬁaai Sﬂﬂbﬁﬁat@ieiﬁ)mlwedtf&cbohﬂroﬂétﬁddpbhlﬁbﬁbﬂﬁﬁterlél’\t@t her
challenge in the area of nano- and m cro-xerography is adherence of the
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met hod of hri rates
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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

30  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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deposited, the issue of adherence nust be addressed. For exanple, this may
be done using heat and/or pressure. Summary The present disclosure is

di rect ed wo 2appmsmtius and et hods that elimnate or 5no@cCiyusaccslosege
distribution on a dielectric material. In sonme enbodi nents, the apparatus
and net hods of this disclosure nodify the charge distribution on a
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met hods. In these enbodi ments, not only is the final web net neutral, but
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symmetrically . .
The methods of generating controlled charge patterns mentioned above have been
able to address the feature size limitations of standard xerography techniques which relied
25  onthe charging and discharging photoconductor material. However, the methods
mentioned above are generally very slow and/or require the use of special substrates
(electrets, for example) to achieve 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

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

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



removed fromthe first side of the web enpl oyi ng non-evaporative and/ or
evaporative nethods. In these enbodinents, not only is the final web net
neutral , wotogasersal |y is al so dual -side neutral. |In someTaisb@dios®sts, the
liquid is a comon solvent held at non-zero potential 10while uniformy
contacting both sides of the dielectric web sinultaneously. The solvent is
then symmetrically renoved fromthe two sides of the web enpl oying |

non- evapaicaesited, Badyser obidistonas must teeaddesgscd. Her exsaple dhsoed o1e USigh

si des of are generally uniformy charged. In sone

enbodi rrenl{egteantdﬁ&%ir?s\gﬁlfgd is a common solvent held at non-zero potenti al
15while uniformy contacting a first side of a dielectric web, the second
side of which is at |east weakly coguc.ian and effectively grounded. The
solvent is then symetrically renov the first side of the web

enpl oyi ng non-Eiegpedeat divoaindisalirceréapeaparates arlt hewtlsds thix dlineiage erbodi ment s,
the first side of the final web is 9eneral|y unlforn1y charged. 20In sone
embodiPmerfedifyaa shargg diptrifutien erep dickgetrie maﬁeléﬁl dBsene cabodisnchtrd BeEpPURIUS or m y
cont act i f the

di el ectr ?agh Iﬁ%ﬁo Ogﬂflgag?l Ogﬁrggogﬁ% tﬁe HY?& ﬁtl&?%}ég%g%% Cslljngt%l;’llgl)lcont act

W th a sehmuogh bd)IﬁHl(ttﬂlgI’IﬁlfﬂSt&[pditlSIGOf)ﬁld smtﬁﬁ@nims@ﬂfaceﬁ'bétl&@iﬁ&lmﬁhc (esg.tahexb)

renoved from si des of the web | oyi on- evapor ati ve .and/ or
evapor at i Vit ﬁ@ﬂwga%at 1y 91 Ipass ey SoR e é*dnhgfé«? awrﬁsqr@ fREHtidlal veb 25net
charged, but ngéétxs A ﬁleﬁioaQ)f Mllf ﬁigd&lagé%gle(ﬂelectrlc rnatérﬂll SR8ethod

enbodi nents, a fir 't qui d held at aflr potential is nmade to uniformy
cont d6t aofiprisingsibtieniof aailaie:céﬂlemtatelrl@l lweylmg aklibsentidlly seconbrei detiobtatine

di el tri b | d at 1 b f t
PRSI e T e e g B S B R s S PR T A
net char %Qﬂun(ppﬂtetﬁﬁﬂ% ﬁllyhtg dn%t@éa%pwgdk‘fsl' cédaetiROediad aﬂ@le stirfiacs @ehe

enbodi ments, a first Pg at afirst potential is nade to non-

uni f orm wlezleﬁtlamate(réﬂ gin tahle@ugaﬁrtta&i& rersevipg the q@é@asbw%ély eauluptiee iquidt si de
of a diel th 18 L el ect b is held at
a second fgo (talhetsl \z,i\?lgébleawfl %% Subs‘%ansf%ﬁ, gg%fﬂggltegtmstt i C%ar(gggﬁéﬁ? ?uﬁ%é?d held at a

secong pot ent uarhothaffa@p@oisvaeméthb@ofﬁ*@i&rmmgmﬁ%cbcfrbgmmd Hardoyatisindasa of the web
enpl oyi ng_non-evaporatjve and/ or evaporative nethods. In these enbodi nents,
not only delegrie matarjahdhe Wé@OHQQ@pamﬁétokéﬁamg@ dielestee matasind hyjdnep &ty al so
has 5a d [y =Tani ?:,.' t liquid
hel d at a%% @gﬁ%m@?@%ﬂﬂgﬁ@fa@%ﬁ% Stv}/eakwoér?%gﬁéﬁ%rﬁ y cont a (1@[1 I){rfh’?hrough

t he use aﬁelactpahtaearmedhds adbgst avehkly sondiicdec bfuid hdviep estednd chedge patential; t he

second si the dielectric web i hel t a seco tenti al f or
exanpl e, a@@ﬁf L?é% t Dgrtially GEapYive 1%?051%5 fro g ?&t\vgﬁm @%%@ﬂew&mﬂé rom t he
firstosi deavihe 4 BesWRRally PEFRMONERDsRAAR tRMBPOK fHel 1116t p%?ﬁ'ér%f tBY aRpicatd ve

met hods. In t%ese errbody ments, not only does the final web have a net

char ge panatens, but gener ally also has a dual -side charge pattern. In
sone enbodi ne ol vent. hel d a otenti al

oo e oo M S anbi asp it n DTS IR oY Fh clongul sfb et BRI T or) &
first si dﬁat@ﬁalathé%wﬂﬂide@otrﬁprﬁmg%bedeMa@lb cbgﬁ 11@}?@& 1¢80wEakiip 8k dvicERNBHEY | Ng

second side which is effectivel y grounde e solvent is then renoved from
the fi rstto giggeungfpotdndialiebtaging o dicirgtriromatevialdmy it adhaggedyoientiel Bipois a0t ve

net hods. . rned

hor d D ST R LB s bR O Rhe VB AR ot B Ao BOHOBRIEY e
l'iquid i svebihald Bqlie t@corﬁlﬂewlw&cﬁzesmblpbrtm)ofauiwlelbﬁgawwe@ltd eutralize 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
30  while uniformly contacting both sides of the dielectric web simultancously. The solvent is

then symmetrically removed from the two sides of the web employing non-evaporative
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20pl ace rather than renoved. In these enbodi nents, not only does the final
web generally have either a uniformor patterned charge distribution, but
al so has wol2@vdss=ad mat eri al remai ni ng. In sonme emrbodiscensinsq9st he
present disclosure is directed to apparatus and nethods that elimnate or
nodi fy a charge distribution on a noving web. In many enbodi nents, 25the

appar atus and nethods of this disclosure provide a web that is net neutral.
| n t hese @968V #oRiye myhodsn Ly these embodipignisenot galitis ghe finpl e agenratial i s

al so dualj; ccordance with this disclosure, the
present app%g&trgl?%ngo du?]‘no snéculc?)rrai1 ‘act the web to be neutralized with a

| i qui d sol ventintsbat chdbsdiandneadic 1&pieisaapeindd soliant hdiiet youad p@ﬂeﬂtﬁlt is used

to refer toaI dvvhlch e web, and does .not necessari inmply the
30sol vat i H! edfméﬁv YoRan{actng & “%fﬁé%oééld@?)%’&? web which gsjapeh eaf’té"%iéb’ught into

contagt W é?fﬁgfg édnﬁ%%de%m&tﬁ‘g MRBrivdiy BRfuhde s THY HARRPCKSh s Eﬁﬁetﬁ&hy
coul d be appli %y any suitabl e neans, suc?‘n as | mmersion 3’ pi ng

i nto a paeomowved fiamnhle fisst st phthe v eﬂ:rqdd)ymgn(mnbmpﬁ@tive and/or evaporatlve

2009/ 085751 CT/ JS2008/ 086982 bot h or cl

at ur at edhS T HATESHET oLl hPterhes (01 FER e het ncseh but o dbdrse on or
condensatdQnsiaé n¥ap®r onto the web surface, etc. The solvent is then

renmoved and/or dried, enploying evaporatative and/or non-evaporative neans.
Non- evapor at i vle sqm@huﬂbgdmmmd@sh 1S@§@nmﬂom80¢mshdélat nk@vmre psigonalas a

Wi ck a| r ife u e at ast ent
Add 10onat Il FronRRaRERER bS i GBSt weR ATy PORRRE ol ofn! &

evapor at ithel ynireemivad; fchved Remvab tw@ﬁldest di[&h@W%B @fn’{bldy(ﬂfg Heycdporfihanced by
met hods such as air convection, heatin etc preferred resulting web
i's both ried/onsvanosmtiveaacthens. duheseprbo @@tﬂ'ﬁalpqt& é]dles akthg énplneed ¥el ow.

In one p this disclosure is directed to a nethod of
provi di n}r 5&%@#2{%@?@9%&?% on a web. The nethod includes applying a

| 'i qui d sol ventInwbinb eatbot@asits, ﬁ&rtmuccbmdwotnnmﬂ Joltemt heiti at ﬁmdearoqzbteatlaﬂeb. The
web may be web. | I n oth partjcul ar enbodl this

di scllésur"éhlfesundl Or@gt@alt%n%ﬁ ﬁéﬁa ﬂwaba tﬁ? peroRd idgof ¥ 1C@Haﬁfge on a
web. The 1appatatiySohdicliig &S t Q4th, nt Qichgy S, ni ps,
etc. and@afr;lé g]ﬁargzo &%1 gca(% ?E(;% lgt %lrdggﬂeghl cﬁﬁlﬁﬂéc tljsstgglbgﬁlz%%rgeﬁ%f 15

i C]UI d sokmewntd fomhhafirst sids bf &mn@bcam]ﬂowng uom-yvap'ﬁtwlvc had/gecwapdidtiveat i on

Sdaed 1o Bl dn MRS R8RS Hmtals s v B ATl B et B B Y

Dr awi ngs charged. FIG 1 is a schematic illustration of a web with a
grounded conductl ve backing on 20a first side and a surface charge on the
oppogit e si de.In some embpdiments, ¢ figstdighsineld at 4 filstisatenttal tﬁrm@ﬁetaunébrmkyt h no
conducti ve ent adasrfae h ge.an S |sa
schemnt | oML ARGy de 8F4 diIHiq et & }%ﬁou%‘% §n8mlf’|dlele F%bs hoeij]d dne
si de and a@se&@ﬁdlﬁﬁ@ltﬁhﬁj’r ger eaniphe by RpasLE Witls h deonwilithidtHeed mma&ﬂde side in
cl ose 25pr oxi mt¥ to a tgrounded conductive elenent. FIG 4 is a graphical
representmwﬁl ha sebvent slthenaiemevesbfromhogh sides efdhe web cmplaying naw- 002 i nch
(about 0. e %ﬁg e
distri bute‘Q] Ir%) an\rqzdgne zlsed?at%]e%{rlréﬂv Ciﬁ%%@%@  oa J%lﬁ%p{g??éo%ﬁﬁ%ve%
0. 5 i2dchest bieargeebh btitazcpbatle idilsd dund-gideshalgodit 0. 5 cm/ 0.2 inches. WO

2009/ 085751PCT/ 1JS2008/ 086982
In some embodiments, a first liquid held at a first potential is made to uniformly

3 cm/

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
30  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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FIG 5 is a graphical representation of the field at a bottomplate as a
function of web to plate gap for a 0.05 mm/ 0.002 inch web with a grounded
surface amo 20098815301 dal charge distribution with nean perais2008/8698al ue of
105 ¢ nR and a period of 0.5 inches FIG 6 is a graphical representation of
the normal force on a 0.05 mm/ 0 002 inch 5 web wth a grounded surface
and a sinusoidal charge distribution with nmean zero, rnms val ue of 105 C/nR

and a perWibl B¢ sacosd sige of thesliglpeirie siebtihkelduatn sasopd petentérl by afioe exqmeple. 001
i nch i s a hi cal t | f
the 1 el ol 8 Sl oI Bl sof SRLSTERE TRORH o5t EanEIPHGR 4 BORE 0,
web with the grosideast theiwvkbempriyihgaohOsiapoatldald/ ehwagaatvsinethbdd. i anhsvet h

mean zero, rns value of 105 and a period of 1.3 cm/ 0.5 inches.

FIG 8 i Smbodimaintrtonly g g%alaws‘%awemﬁ Plﬁgg%@amg%gw&ﬂw% es a

char gg ngdagai_gﬁgicgﬁﬁgﬁ?&%m according to this disclosure. FIG 9
i am of t

is a schematic di ag he web handl i ng apparatus used for the
15Exanpl es dedorbinedmbodintings, difs<t|ligseidrieeld at a first pdtGitial ¢ madeaomhoot om cr ogr aph

of a powder,.coated wep fromthe Exanples having. no neutralization done

Cher eon umiforsoptact -4 URGughiGe GAF EroBMABIr GO S JEabe COAatr b oPr om ¢ he
Exanpl es Jiaw he sRIRA sPABDP AR diA1EGFic ch UINGDEI PERbndp&EER] bhafor BRne,
conventional quartz |lanmp. 20FIG 12 is a photom crograph of a powder coated

web fr omaohecExemduesvenabyéatg Thesrlvegd sstben tameieed drost Hieifgstssidei aighe web r ogen
air ives, ;and IR lanps.. FIG,, 13 is a photom crograph of..a powder coated
web 19omaig bh-s ETREY R el Bl PRIBHR v R LR P Re RS R % &
accor danc@ceWtecHidah®ch hesetict ¢hsgt st but bencrdifly dlSo Basay @phkigalcharge
representation of the charge on a web fromthe Exanpl es 25havi ng no

neutral i Z8%F®n done thereon. FIG 15 is a graphical representation of the

ona o trogen ansopETiBRiEAT R AR oG AARE R IPaRlEpSkRRLC STTT NG

ELG I16 ixgl(l)iﬂ: rg;nalpﬁi;omly ¢cm|mrceigg (ﬁ%tthmugbtheltdse oﬁE@H@ﬁn@{nﬁal)}atﬁbsﬁcsidﬁnﬂdﬁek _
anpl_es avil ng. pbeen passed unaer nucl ear ar, W n rogen alr nives

and IR hehglestac gib V%m%* hasragrag &&Sﬁ%eaéf?ye%%ﬁéqtmg second %ﬂiecyvhlfl‘} 1 e&“{‘j&&phi cal

repr esentabiAilaOfint B8 GRAr n Rind b IRMANRIFHARPIES hiplyig Rgen_passed

under a nuclear bar, wth nitrogen air knives and IR heat , and
i mrer sed dvap@etetaangl/or evaporative méth@ls. 18 these ampodiptentsatherfapt wseptarilon of t he

charge on a wep fr t he.. | es 5having, b sed under a nucl ear bar
and wi pe}a\?viatpﬁg%{@@f@%ge dl%%ﬁg@}@g‘fgﬁﬁts&%? ‘g‘ﬁg‘bﬁg@m representation of the
charge on a wah sbmeRhibBEinferdRIcaRutPNicELRERE. RRAZAH sHINESK) AdRYUELE&IM bar,
with nitrogen air knives and IR heaters on, and i'nmmersed i n heptane.

FI G 200 indacs rgthapthie sdmavegr s dwscgrmadioents it ohlardges the fmalwbb gensmalbhe
Bxanpl s 10024} 09 RGeHn 8BRSk HELEAT bRAlso M BiLE GERMRI T kni ves
remaining.

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,

25  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

30  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

8



imrersed in tap water. FIG 21 is a graphical representation of the
charge on a web fromthe Exanpl es havi ng been passed under a nucl ear bar,
wi t h nit rwgenoskss7skni ves and | R heaters on, and i mrer se@Cirrusc@isoedys2 15F1 G
22 is a graphical representation of the charge on a web fromthe Exanpl es
havi ng been passed under a nuclear bar, with nitrogen air knives and IR
heaters on, and imersed in DI water. ) FIG 23 is afgraphi cal

r epr esentbeth Hhcsoprrlag atigksgy chathasafentef somltaneouskategiodssipenafibe wekn passed
under a it it i [ye eat er 20
i mrer sedndl%%&%ﬁsﬂ/g%}’pﬁgﬁlc? th\%&eél g%g’g hogs‘,;a %&r}%n\sfoo%re %%6 I Shg%la(g:%d%%cr .ﬁe%heﬁ@?G 24

i s a graphéc@imovedaedendradd, ompfyinghwagdratagec amd/ér nudbevhpomitdhecimsamunes

havi ng been passed under a nuclear bar, with nitrogen air knives and IR
heaters oiaPYALYS Wﬁ@?g%@diuﬁe% Piuﬁreoff)% Rl sifat d5vics AN atRReck: aBikaiteal t) |

FIG 35 i A R I PhObAE &AANERIQN ALY, aMchie
ExarrpI%es %%ﬁeg\gllé’ﬁeg&b(gﬁér?{)vgsse ?[lr}%gﬂtgro aeg%c‘fegar %rl,gl’ladvxﬁ&fbﬁr nlg\ft?lroe én glggr? kni ves
and | R heaterd tlonsolamndcoultrbe segorativBly remibeed fpmhhd valarand andbonpaddo i ve.

FIG 26 is raphi cal representati.on of the ,charge on, a b from.t.he
Exam! os Mo TBacd y1aEBaRah R aP foiesie™ b earen The progesd BrHRS  ves
and | R hagiielk $ohet ABGrdlEREREd A Bide hbanalzcd 3QRLEhe1bw_a schematic

di agram of a second web handl i ng apparatus used for the Exanples described
in this di scl dswne partin@apo0beBETE IPCTEA0820 (61ig8Bd30 a method Hip@vigBgias a

flow.chart jllustrating.a hetho f _geperatin n electrostatic charge

pat t 49 alrgRates e Getf P, Mo R incARRE LAY A g T FL SR G RARL s SRBREC v
view i || usha@dtivitg t@bbthlsides 0pEhabl The deb ik t8aE hedingfvedppl ying liquid to a
patterning tool. 5FIG 30 is a schematic perspective viewillustrating a
second oper at il8angther prsticrlanfaebogfmerypthis digelosuris diregfed it aPARIHSOF ool .
FIG 31 i I spect | I t: i ] . econd
oper at or gRUBRATE FCtRRISRSCLLY 2l Bt ALl b PR o TG,

i |1 ust r atsuolyagrotteishoighs,adtc. pgal ayéhagpd medifichtion slddiandwkick didludes aabedce af from a
patterning tool. i FIG 33 is a schenntic perspective view further

i |1 uder aﬂ}%‘bdo bRt e [et sapisI PP tivituil B° FRRTEC BOEMT ISR PN Hatingy ahd the froma
pat t er ni ng.hOPbs using it, is E&x@cul%ﬂy LSitc Bhetagh a%lld&ﬁ{or a{?lséx%ttfn% g 81iet ent al
on a dielectric nmaterial as neasured in tests that were conducted.” 15FI G
35 is a plrotesof el ectrostatic charge potential after neutralizing the

dielectric material shown in FIG 34. FIG 36 is a plot of
el ectrostatic charge potential after recharging the dielectric material
shown in FIG 35. Brief Description of the Drawings

FIG. 1 is a schematic illustration of a web with a grounded conductive backing on
20  afirst side and a surface charge on the opposite side.
FIG. 2 is a schematic illustration of a web with no conductive component and a
surface charge on one side.
FIG. 3 is a schematic illustrate of a web with a grounded conductive backing on
one side and a surface charge on the opposite side, with the opposite side in close
25  proximity to a grounded 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.



FIG 37 is a plot of electrostatic charge potential of a dielectric
material after 20stanmping with a |iquid coated patterning tool. FI G
38 is a swbenmtdss7ssi de bl ock diagramillustrating a fireCTapsesdosos2 of a
met hod of generating charge patterns. FIG 39 is a schematic side

bl ock diagramillustrating a second operation of the nethod of generating
charge patterns. 25FIG 40 is a schematic side block diagramillustrating a

third oper ati ddGof it harappichlggpisserdgdivarodthacld hibg bettqyaplady gt function off| G 41
is avie f I C er Nj 0 ed in. ests
t hat wer \é&]%otrol 15%[% g%fo@% Os'(ysrltﬂﬁl Foﬁézd%ﬁﬁ\%?ylgl Eg%‘jé %ge;aaspﬁﬂ%} g}dhagm%?sgfdg%t ric
mat eri al chbigerdidndmitivg vogtemepl agednisntabic3AA00Eembamixi partod df@.3 iadless. parti cl es
during a test. . Fl Gh 43 i s a photograph o[ the dielectric material
after having Hd6n0pt ageahicaligpieraéationdthsnaripat Precoed 0 fammé P92 grghi ng
anot her t - F L DOortii ielectric
mac er ol Shouh aRurd Jr BREL B aRGy Sh 20 IR BBNEORCH 1kl it

nmagni f i catalwmfd0’ Che’ aided partodicf 1rfatrer D&l insliveythe webFd Glateldistabde i60.006 i s a
phot ograph .of a dielectric material after having been placed into close
proxi m t Y9155t oner particles during another test. FIG 47 is a

phot ograph at fizgheda Eﬁgﬂﬂc_ﬁﬂrﬁ batRh oF td BRI tor8esf the 8618 Q% thft®ion of
dielectric material shown in FIG 46. FIG 48 is a schematic

si de bl ocketdioadatagan foradk¢amimg0.802 wkestwibcwith elgtbuadedsitrfasg andér om char ged
liquid on.a dielectri terial, having a first thiekness. . . E 49 is
L dH D ary R B s PR R Pt e o KRS Rid apariogdfR i mg
from chargedobiisdhegl on a dielectric material having a second thickness.
FIG 50 is a schematic side block diagramil|ustrating an electric field
emanat i ng frorilEh&iyeerhemgtic diagrmyoly wrle badling papapiua thap sgiudgs a charee d

t hi cknessmodliﬁg'ﬁ%?ﬁsg%% #g(gljﬁ&gs[%%ipﬁfsclggﬁg‘ur es which characterize the
ne S I

apparatus an 0 i'sclosure are pointed out with particularity
in the attachddGecbad amschehmatic diaheint ef thumadhahding dppaatustused applar at us and

met hods of the djsclosure, their advantages, their use and objectives

obt ailRed Ipypmnesidesgtsd 1p Brigdigele®'&houl d be made to the drawings and to the

acconpanyi ng daschjpt] oﬁlﬁracflgfsg tft)a Wick Sodttd b %hﬁﬂe@&%ﬂf&ﬁﬁ%ﬁgg

preferred 20enbodi nents accor he present disclosure. Detal
Descr i pt immeufrhlézapios slemd thdiesal osure is directed to nethods that provide an

Lem hat 1o i) 15Lde ot ol o, B poL o neuty aly bnok st pnet et el
mat er i al bR padsb@uind® TR ok RnBBnA StIeR bat 8Hd ARV cHiiBth GRartladhp.
20 FIG. 12 is a photomicrograph of a powder coated web from the Examples having
been passed under a static string, nitrogen air knives, and IR lamps.

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

25  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

30  having been passed under a nuclear bar, with nitrogen air knives and IR heaters on, and

immersed in acetone.
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25di scl osure include dielectric materials (e.g., polyester, polyethylene,
pol ypropyl ene), cloths (e.g. nylon), papers, |amnates, glass, and the

| i ke. ThewoOtespss®wy i ncl ude a conductive |ayer or an anPCIiskeos/oB@ger. The
surface to be neutralized may have regions that are insulating, antistatic
and/ or conductive; these regions may be purposely intended or not. The
appar atus and nethods of this disclosure are particularly suited for itens
t hat 30i ncl ud&l@. bi elaegreptieal meprescniation phths sherze A gdvabeien tha emnlesm i s a

Stock, ne g bRt By L rPR Aue PR b RGeS B SRES 3 Gl Smc0s2

greater tihaerdedin atigongd. |y greater than 10 m and often greater than 100 m,
awdth (e.g., hetween 0.25 mto 5 m), and t hi ckness_(e.g. 500
mcrometers, &1§: 1843 &raplg@?ééemw@ﬁ@ﬁ%e?@f Cﬁ‘l‘fﬁGB{lﬁé?Ye% %%Wa)e& he item
L5 o B SO REn pAALY Lliah rhLRM ok FhARAnNAM gt ended | ength - For
exanpl e, eet r page of materi al nldh ave e.g., a length of 50.5

net er and a vviFdiGthst a@r@mmlmpre@&tmlebéthetchmge nnytv&mé) fgcﬁnehea]Eanh;aﬂar or

have a three- .di nensi pna rcia |Iable

out 1l | JE oGy B SHE =S o PHORH (B b UiBehEARE Forg Rl RBE Fha ar e
net neut riglnhc#Qd if heftanc.t he magni tude of electric field, as neasured with a
common static neter is substantially lower than it was initially, provided
the initial chaog0 Bevgephied)seraesch@bipn ofHbshangs on hevabdrom éha Exdniplesd web nmay
still e_subst an freespan with
51 ot gaedtey R GRS M ser hepariTE R BERRRL Ry & SR L B TRE e
spati al pﬁﬁm@amxnﬂquhbrhave a field above or below the web arising from
the surface charge distribution that decays rapidly, and the web w ||

appear to be hédt?his agianhicad senipssatafyn af e gharge ap peareh rrathabxngmlet ance of
sever al ral even
thougn ¢ REviEitbet bR GRS haHER R Wi Roed B RER pbA IRRARAL oSl

Ther e ar ammeoryeddh lidner®l t uat i ons where a web can appear to be neutral when

nmeasured with standard el ectrostatic sepsor and yet have a substanti al
charde di stri Bii onls aﬂé@%%éﬁ%%@@ﬂ@flgw?%ﬁ Faﬁgoeaﬂve@ theieminiey

web- basechapf %%a% aséwuh@ﬁ ngOe 9tk %t@ﬂ@rogamgnw@mﬂlznﬁéa@ﬁoﬁ spfeeded

for neutrali |ng hese arge distributions to a | evel such that defects
ar e r eduoednasedeh iDtiwetred. The | evel to mhlch t hese charge di stributions

nmust be neutr unction o cess ne_speed, coating
T aryi me e tiGagsis et Feprianion SR REER B i from S ERBRIGS ¢ an.
const r uctjaQhgasnen bggss&ﬁ&fe%h n@8darlt e, Wik hh&gé@alr defv8¢ind IR KH4RSS bR ind FOr
exanpl e, comrercial neutralizers are 25sufficient for elimnating arcing

def eé0s, iumersegtin rwaseranidhee ispigshss vk isopwpy hijcehred drylng defects. The

nethodology o] hi dlsclos re s eted at elim ng nmodi f yi ng
charge dr ot ri 5t s AR R et Sab ARESL RS BleeGph MR e I 42

and/ or welvilgaaeh basssunder @ AnaloGE s, v&@ldhﬁtﬂogaahlk ¥nivey artelRt Hie%ldri@ﬁ iaad of the
undesirabl e charge distribution on the item domnstrean1eqU|pnent t hat

|ncIudes1ﬁm§ﬁ$ﬁdpé§ﬂ§d5@‘@ﬁﬁ“ﬁ%hﬁ@ﬁﬂﬂﬂﬁeﬁﬁﬁd For 30exanpl e, such a

neut ral i zed 148 123 d &a5ioh rprbRALRORYr B chAE DAY 8 (RIBMR s 11 @ 02

25  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.

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

Examples described in this disclosure.
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WO 2009/ 085751PCT/ 1JS2008/ 086982 In this description, we refer to
"net charge", or "polar charge", and "single side charge", or "bipolar

char ge", wbenosdisstsussi ng charge di stributions on di el ecPcirasesis/osdder char ge
is defined as the apparent charge per unit area on a dielectric web as
inferred fromusing a fieldneter to neasure field wth the web in a

free-span (far_fromother objects). 5The gap between the fieldnmeter and web
is typically d06ug8® slowichahdbispabws methog of generginggn clephestgtiaehagse

measur e S i I.S,;a function of the charge distribution over the
spot si %&Fﬁ%ea &rég%geﬁ{aﬁﬂaéé%arlbbe, whi ch would typically be an arca with

di ameter on tEGoedera @heabti¢ pabpeclineviehatlgaranagadirecperatibhios theayethed al so

referred to as.polar charge. "Net neutralization" refers to the reduction
of the mEyRPPYHE 161‘“41@@1??% @2 108k pol ar 10charge, on a web. A | ow net
chargg measur gffgfg %Oﬁ&\ll\lg%ﬁé ﬁ@%@’ecﬁb@%emﬁuﬁ%ﬁg% sQéo%Hro;Qféhbf?Bf er the
spot size area Is everywhere Tow, but rather that sone average of the

char ge dims¢tthodaof applyioy Bquitlhea pptodrnmigzeolarea is | ow. The sinusoi dal charge
di stribution cri bed above woul d.mani fest itself .as _having a | ow net or
bor ar char ge. 111Gk b AeTORN T DTHRCHT STt b et RE O ehOT: erthaRTt o
spot si zesigi ggeter. 15"Si ngl e-si de charge" is the apparent charge per unit
arca inferred fromusing a fieldneter or voltneter to neasure the field
above or the pgdfen?isd schemamepespactieeviel itlhdraep awrithad efrepbttelqudtd ace of
t he bis .ajgha.cent to.or re[[er.abIﬁ% contacting a grounded conductor. The
gap tmeae%e LA HERL) & By fie Q(l‘er and the web surface is usually
0.5-5.0 millimEGessis dftcmbaé p&spreasevieweithétilast@bihaititadcethsd af dpphghgon of
the charge 20distribution over the spot size of the neasuring probe, which
i s typicdiqud @ deleatriginaicrinl fiopt epatirnipgéBr der of a nillineter. A charge
distribution Gl 3 eSHbbSod DB AHPIAAD! hakn O bn SNANGGsC flltertipgs result i
a substantial single-side charge, Is s Imes referre 0 a - pol ar

char ge dimstasiledtin aets.thit Siangt@nrdsicidé. neutral i zati on” or "bi pol ar charge
neutralization' refers to e reductjon of the pagnitude of sjngle-side
charde or bi pdil&r 5%%%!9@%3 fg?fﬁtrgswéﬁ.cfl%% BW%tFﬁ@ft%r-IéquHéh@H%F@éL?rlﬁ%@&rerrent
does not ﬂlﬂ@ﬂia}{shgx%iﬁ gharge distribution over the spot size area is
everywhere | ow, but rather some average of the charge distribution over the
spot size ar c&liGs36 om plohef deatmostaiidaharghpotgetiadiafericbhargiop tibediclectoed above
woul d appe%r .tlo have m%\g/ singl e-side or bipolar charge if the period of
the di st rMGEHSROWALD shorter than the spot size diameter of the
neasuring devige. 338A5p18NOt &troStall® bRarBX poBhial O a BiciRA@haechar 4&: consi der
a dielectric web with a uniform charge distribution, ch, on one surface and
a uni2Oor rtarhing evidiadiquidbeqatesipaticamg ©al-t he opposite surface. In free span,

the net charg r ,pol ar ,char.ge synement . ld be. WO .

2000/ 085751PCT ) 56061 HEBEES e PHoF AL MUPtatg i frsf Shagation af e nefhed  om
charge i ssfzefi@htingléiRrsd pitessi de charge neasurenent would yield either -gs
or +gs, dependi ng on which side was placed down on a grounded ot%j ect. A
conmer ci al nedilPaP? #er scheptc Hde block diageam Hlygeating soeprd epergiion! thhar ge, as

t he web ilﬁetﬁl’&gﬁ%’sﬁe@?ggﬁ%iﬁﬁ% As anot her exanpl e of a bipolar charge

di stribution, c a sinusoidal charge distribution wth a
non- 2ér o nmean,FI( #) wmAbshaf2fixéidpplogl diagranoilkissatidgacthird ngeaticin af the

di stributi OE f-p(x) on the opposite surface. If the net charge neasurenent
in the frag %fg%gqngraa@gﬁ BeBEMhg a spot size with di ameter greater than

several Xi,, tfe Wel Mibly ARREMpihOsHAE oF%eﬁJr-aTlggﬁlﬁ{gt'bél' usBEn S @8s A

singl e-side charge 10 neasurenent scan perfo using a spot size with
di anet er thargee contamtedeveral X1., would yield either +g, ordependi ng on

whi ch surface was placed agai,nst.the grounded ohbject. I{f a single-side

measur oment  Sd dere DOVTErNLY 08 PRiBoE el T fivine bt R hal | e

than 381, A&R peb:NusQitsl@inePpdHERs Bridd etesi. N9l e- si de charge woul d be reveal ed.
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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As yet anot her exanple of a bipolar charge distribution, consider a web
with a 15random charge distribution R(x) on one side and -R(x) on the other
si de. Thewbizetosarsd second nonments of R(X) converge to PqI/Us2ah8M8G982
respectively, when integrated over a spot size X. if the net charge
measurenent in the free span is perfornmed using a spot size with dianeter
much greater than Xs, the web will appear to have no substantial net
charge. A si ndilé: 81 e Rivdegierhelaangthsrpertion o4 thephelpg gt phpven wdde. si ze
W th di anpt er much 20l arger than Xs would yield a constant single side
charge, +ds or -qgs, depending on which surface was placed agai nst the
grounded obj edlG. #f isa giogdrepisitdeghve asighdiceidn slran divticaiqaatainhdwdsh ng a
spot size dianmeter nuch snmaller than Xs, the random nature of the

si ngl e- sifd8- ethar ge woul d be revealed. An initially charged dielectric web
is conrsidered y +SJ | Zie@disd.f : az@{ge% : ar
chargg, and thFé@gﬁgéﬁsiﬂgt%%}Lgﬁdgé@%Etr Cinpl)?g a?lrT agﬁg} ge, eggg‘%cggﬁﬁé 81 gced to
a desi r ahirexihetygb torfdopaticlatiutieancgharsesnet char ge"” and "si ngl e- si de charge"

arc defined t ugh.el ectrostatic ,measur nts,.and do not i nor

Tt Moot IR R el P B 8 e el e, ot wa
char ge digéiedtAbtdaaiad sHhé &haGogsdi stributions may exist on the surface of
the dielectric or be internal to the dielectric or 30both. Mre sensitive

el ectrostati c Hend® g gwhobetc fide hlockhdmgiam flwsieting ardetupiicldroiasing han

t hose ,nent i ongd abpve . (wWith snaller sppt .sizes than nentioned above) may be
used 1% AR GEEo R b sBT8; b8lseBBRigR £ AR WiBhar ge or potar charge.
and si ngl e- si dAGChQigLsAEMbiiPSiiablockhalagesm dtusfritiran @agiibfisldahesatisiependi ng
on the sensitivi t%@,deSi red. Met hods described in this docunent provide for

t he redudtemahagehbqHd g laghiclegidc Biasslabhavirsz sreond thigsssat | east on the
| h | ' : i nel udi h
ength scal es tﬁ%‘g&eaf&hgggq{@sld?ﬂfock Hfagi;}hglg ?%s@%@é{a%rel%cZ{l‘(gﬁQld%ﬁ%ﬁLt?fr%ht at

may not be readily ec e usirng s ros I C neasure

equi pnentfront bkarped hguideutrdidlectat hmreriatbesngothitdplcknésbat al | charge has
been conpletely elimnated, as_there may be, for exanple, residual charge
t hat lgener at esf(@%w} variops athge fepRises,whigh ehpracieraze tﬁ%ﬁM@?S%ﬂdm pds qfoy

exanpl e, fisAQuR)sEre! g&n{%a%up%ﬁ Ipfaﬂfcﬁﬁ‘f'i& hahe 838804 baldy MeakpRs: t he
external field to a [evel that brings defects into an acceptabl e range, or

t hat, 10 undersexdmglod thet dppataarsgini nstladds obthet herlosena ithwimagl vhintpgdsatheohiae ge
distributign is.small .engu so th defects, associated with the original
bi pol ar - CHAPBET S Bri TRy OB P BD Mo P ndadnes and 6 thef "
i Il ustr at:@godpanysf) @& HMADINAIDh B BIiRWRAR 431 descibed prafdtdjor m sur f ace
chargl%, g" on the other side. Wb 5 of FIG 1 has a first side 6 and an
oppositt e asehodimentsadegdedige to the presetiidilvssrs. h t her ebet ween. Side 6 is
grounded, such as by any suitable elenment that can be positioned in

sufficiently close proximty to or in contact with side 6. In many
processes, side 6 is grounded viRetailed Bescriition equi prent of a web handl i ng

process. Sueh i Bl iUt il SRR et B RO e e
itsel f. TRerRdrefidla ncatralShgud RE nWBRI2ORI piSf@dbIE MnA¥m that has both
surfaces neutral. Examples of materials for the items to be neutralized according to this
25  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
30  include a diclectric 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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OCs =bgs(1) Ego where co and c are the electric permttivity of free
space and relative permttivity of the web, respectively. For isolated web
5, the elwotwissfisel d outside web 5 is zero, while the eCeatsees/ ogdet d
inside the web is given by: 25 cco(2) As an exanple, for a case with
surface charge gq. U, c 5 and b= 0.002 inch (about 0.051 mm), the

potential at side 8 in free span is G =11.5V, and the field within web 5
i s Em = 2Zetivhan 1 mhaswdlytssepscrghandbhmsandofigsagrogtecthon 100 &) f4 widihtr®er at a 1

2000/ 085381 3008 bBadts MidlperL IS PR b e LIS EIE & 2 P

de\éi Cﬁs woictandiay B Ig&ﬂh{er|ehtbbﬁﬁndgllﬁ§)&ﬁ1tdﬂmstahﬁsc$etéfoﬁﬁﬁh@ﬂlt&ﬂglm:n rather tllldﬁl G} 1
an t he assocl | SCUSSI ONn above IS ust _one Sl e e e o a
bi pol ar &H‘af?‘&‘él%%f‘f g%flgﬁhmﬁor SFARIM G2 %ﬂaﬁtrﬂ;tpaseoma@rl%wéabwﬁ &efaf(eagﬁ
COMENCI §] 5 hefer 4% Egvéééh%?'o%t ﬁgtee?’\ﬁglsgﬁ’eg{'lgég% dfna% Bé g&c}é&alrfj%af‘& ﬁdve'a%ﬂeb nes

external to web 5 ause of Comrerci al 1onizing
neutral|th&nm®m¢hﬁmgnmhpse di scussed in the Background, rely on the field
emanating fro at a,.char ed web to pull in

or ter nat ns
o 1t | ooy E Ty A AR S Bl Y ees e PeB i ol % shown i n

FIG 1, coamekedsahatia8hhdindirdSel (i&d. ltﬁ@hiagﬂmde\efep&t@rﬁew) ok ngtfab@ed W@ At
reduci ng what may be a 10substanti al charge on web ddltlonallg t here
ag

are many contmeen ftafammctef 1stsubmtmalla rhfawgéh@n 6 tvab luutlallbm srqvmd thaimtinl cherge eadi | y

neutr lized usin rC|aI |zer . r nthis

i ol Bourgoe i B dI & ot Preeigahy R S e SR A R oo

di stributions fdiakarGpleWiveb e DEBEsHah Wi d SiuRisOiglaCOMTIEE Ehadbe OktrPutyn oUs!y
known neutralizing devices. 15Conpare the above situation with FIG 2,

whi ch i | Imeanzgre smplifysls Aviang smflabp@md%d wall have g el pbpveor hgky the webs a
first 4
t her ebet iz (R (RS RROG1LE: FRER0RPhdCackey bR bR PR bonenr g,

t he el ectieireufralelitbnauésuad bgfa stgl raételdlomﬁbd iﬂlstaﬁlc56ﬁsdefahpﬁlt&TsXM)@my and

the valt e of web 10 as nmeasured with a fjel ter at a i nch (about 25
m) dap .goraghe?vv%vT wel wilkapnsay neydet een t ﬂf %Muaéamé.’val@e BUrisei s very

strong, amng, qﬂap&§1ﬁ41 gtralizers could be used to substantially net
neutralize é% it 18k Note that, for the same surface charge, the

surface pot entlere 4mmﬂ1anagnel)ereftuea10®s pO2rd avgtb ¢abxpyptarGo ®5ﬁeurtm)1 wthenck web with
a conductive si,de

re than 3 orders of magnitude
over t haPePBRIORY it St tagn snsan bR e 5 OBE A WEEo t hout 25a
conduct i vigstib@on eFtidse c dgd dﬁstﬁbﬁilor%)can Iﬁl&s% defectstii QeBMRARed fiBsGEeskathayebs
have substantial charge distributions.
20  coating and drying, and a method is needed for neutralizing these charge distributions to a
level such that defects are reduced or eliminated. The level to which these charge
distributions must be neutralized is a function of the process (¢.g., line speed, coating and
drying methods), materials (e.g., coating solution, film composition, construction and
thickness) and the particular defect in question. For example, commercial neutralizers are
25  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

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

gap dryer.
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Referring nowto FIG 3, an exanple is provided where a web with a grounded
side is placed a distance a above a grounded el enent, such as a conductive
pl ate. | nwogegyasbsicharge on the web is split between tireTtuse00gn8RZEd
elenments. In FIG 3, web 15 having a 30grounded first side 16, an opposite
second side 18 and a distance h there between is illustrated. Second side
18 is distance a above a grounded el ement 20. The electric field in the gap
beneat h web 13n(his descripbemeenreddr de 1 chrge’ploat eolamoharas” gindeingle sidg WO
2009/ 0857 / 13 / 8 4 Eac Cl L o er

uni t areé%%Pg@e Eégggcggggh%ggﬂdggu%ggg%aggfﬁagb&ﬂﬁﬁéhg%?%%ﬁﬁ&gﬁdﬁggtes

t hat web chargeiis defhiedat tiicappadnt chagroqitn dnip bah@n20iclacteic twhvbsis iigbeed from
pressure” will _increase as th ap.decreases. As th ap a_becones |arge
conpar ed HekBCI{RFEK Regsasyre fﬁfg“ﬁ@ﬁhw&b 58 fiegrepandhandfam otishPISER: zer 0. As
the gap a mRhd fi f LAIPARGES 5D i § uny t

ar ea \?\A | %%%?(?gc e%t haét lggﬁgézggdgig%cuggl}:oﬁp%&ﬁés m%ﬂﬁgsrg 9621& tzﬁlecgn vvgb 15
has a voldnag&hefstatialnycadireme. thidoolewieed istahfandtiom dfithgcaogacdistobuadt oact i on to
bottom pl ate 20. (al.so referred to as ,"pinning force") is 5 65 N n2.

Fur t her PP Az OB e ABE- e RBS of el ol e rerbars€ ot Ay o ¢ n
surface Ghap&Rr o4 intNeThOERSOheAbEddar i@ Waid disd REGRASE aSPSIdF gl | Y.
This is just one exanple of 15nmany situations where a nomnally "neutral”

web (as nédNet newthlivptidn”acfeisetb dimetednctmn of the inaghitudalbboet chBrgs, entolagap) can
have substantial charge. In sone situation the.figlds due to this charge
can’ dPue ShRts! B SR Artasi th E0MRe BEARIMEN Ipo RS tRBuPRARETINE hno

cl eanl i nefigriblitdn Gxamelspot Jiftesen BleR6itykiherd I0WCBS ré@br thetwbnicavienge st firbl e
directionality of web 15 in ovens where the web is positioned in close

proxi ni t yhatgeghisubigon ays] BiesBot size grep is b s Shaainpsoidid ghargp distribugipy

i nterface | i [ . ic.dields,
ond 1 hood eart g AR B3N R M Fisfls 8L RS » R by 361k Ol Ghefirlodtor) |
See, for texanplbatiod waRmubklskdresr tieandh&spdt sizd didnteter. " Annual Revi ew of Fl ui d

Mechani cs", 1969: 111- 146, D. A Saville, "Annual Review of Fluid
MechdRi cs”, J a%ug%lfgﬂ%g 9'%@,@%1# thexpparent gurgeiry unibgieiH§Ted BPYY WNTRf ect 5",

Cut of f  angl|£R0e or \WW@T_tMGa%lﬁg the fferd BE5VR of ¥heSTot RIAY o SR8k QF EBhOf

bi pol ar charge distributions at are not readily neutralized using
conmer ci avelnehile tikioter surdacciod thezeetsis adpngitdeor profergipopitactingr grewidetied web

n s, oroupded acking,on one side and 5, slnusoldel B ROhAL AP
2009/ 0857p3-BGTh 11 9RAS/TRGAR measurement thus obtained is a function of the charge
20  distribution over the spot size of the measuring probe, which is typically an area with
diameter on the order of a millimeter. A charge distribution that results in no substantial
net charge, but does result in a substantial single-side charge, is sometimes referred to a
"bi-polar charge distribution". "Single-side neutralization" or "bipolar charge
neutralization" refers to the reduction of the magnitude of single-side charge or bipolar
25  charge on a web. A low single-side charge measurement does not imply 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.
30 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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on the other side. For web thickness on the order of X, or larger, the
field below the isolated web dies off rapidly at a distance on the order of
Xs. As walWwot2hesnissmsss i s Sdecreased bel ow X, the field ercemsadosisssshe web
dies off nore rapidly. For isolated webs with a thickness a couple of
orders of magnitude smaller than X' the field is mainly confined within the
web and the field external to the web is very weak. Now consi der the

si tuat i oreeithéreause Hicoururidhe ondud botemsharee is zerp). alhesbingleiside ersec g away
fromthe i f e T e t ield at

t he bott orﬂr%a%{n% eeH ‘glos g'?elg Bﬁg} ﬁm§b+% GH&) ell gglggefpsg& ‘gasg@;%%gh(g)w n, web
t hi ckness gro@nd%ﬁ@bjbcanﬂ cpeinicdclaFneitralizer WB‘uﬁhhzﬁzb litthd Bnplaat @etheti-fotarwe b

thi ckness ratio, the field in the g@p isin the kV/na range. In FIG 4
t hrough Fhaigeyas thewep igalieadyactgicutrle charge distribution was taken to be |

OAS G2 and t ar%'tlf‘e%&érﬁglﬁ%?g‘ggj’o'léf'ché(rggfdlsttﬁ'lﬁul beofiRRict 2680 Wi e five

tlrresthat of the air lectrical permttivity of air was
t aken t o diesdidal chatgeadistaibution with bk hGh-zBrosheuns ptxiyeA simg2make-qQiontohe nor mal
conponent of the electric field at IG'}bhe gr ounded el enent as a functi on of

gap di st ateacs 3 a ghergeligribptioneef %919190866 outich- Anhe perahgesex, = 0. 5in.
From Fl Gméazsullehl h§1nst ﬁreé tnlggérff(ﬁ‘n{ear ﬁﬁe Ehg n‘?e%} gla'é/a?é}t A 9aps

nore than an order o tud ar ger t erins
val ues i mefred X4 tloea\MeHomlbmpcelrﬂodmve 00 puﬂakantna]l ne¢shdrye. nﬂlstngbd yidleghdrge J.

20Sim |l ar to the case of a const ant urfac char di scussed respect to
Fre b e uteint Sar asitoBra D es Bor e B e et a3 ot Xiols 1 bl o

effects 'ﬁelﬁ%ﬁhér% owég, 8aRA4hPGn viifio ﬁﬁfa@@eta%ﬁ@éﬂ AJ2ERBthe Tg%urﬁé@-”pl e, FIG
6 shows t'he normal force per unit arca (normal conponent of the electric

stress t exbgast. ) Ifprsafgl¢-side measigemels star waregepooned exiier spsft sivagrimaletenedhal | er

than the we ess and .f orders magni.tude smal l.er t han, 25t he peri od
o e crfet B8 SrEE silfoitd e ot SRS RIS AR o b WARE 'S P

nor mal conponesy y@hnbther &agPld dfG Kipslaschadst difteibuedn, @ﬁns?defrldﬂﬁétixﬂiﬂh@f gap for
the case of web thickness 0.005in and period X, = I n order

to kdép trh@d%@pwg%\dlﬁmgngm Rpteon angesiderrad r-&(xcul th@saawpﬁlég dhefsssed above
f Kj
e AR bR BRAHOARE DRI 00, ARG 6, A SIS RS

di stri butsizans,. rTﬁ’ghebﬁt araegeennéasofemeuoﬁhe et bpeﬁusﬁ)anfanwd usorg d mesuaabvuho a
dielectrigc material. WD 2009/ 0857 /1JS2008/ 0869% ) | n accordance
with thi SIYNEer By %reafeh%h@@@ ge c%t i2BPCE 0 b NR Y AH I B8t shed by

cont act i g%lﬁ?gﬁae %h%@é H%Es&é}ﬁerﬂ’%g’an%érgyfﬁre& g Q sﬁ&['s‘l’z%%lth &Eﬁh‘l@{ek uclrI qui d

simul tan en renovi ng an ng the solvent.
m ght20be lgmgpt iheni Xt ovonhkeyivEl dopstantysisgle sidb Ichaargeafrqs of A% dagiendjng mmrlmln n

5(e.qg., dippin ool . or e coatin knife
coat 1 ng) RSPy e BBy e el RicH aiEa W el B RpiraianErelkseR sl Ges o
the web, Rbeah&d hﬁﬁg @gim 5Pk idRimQEr HRMSNIRE tHaR 3Qf thY 2RRIONOH@ ¢ b thevveb
surface, etc. |t is preferred that the entire surface, preferably both

sur f aces singlesidonhpirge wloylddredceated. nuousl y covered by the liquid. After
geglplofgt Iaflnil etﬁne inlitiiaqgli c(iilalirgsedtdle?gctrrlce wey ?sdco%gl ér%a “ ﬁa{l-esgde ned rallyedmr)fboth the
25  net charge or polar charge, and the single-side charge or bipolar charge, have been reduced
to a desirable level. Note that the terms "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

30  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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10and/ or non-evaporative nmeans. Non-evaporative nethods includes the use of
a physical device such as a wick, air knife, squeegee, etc. to renove at

| east sorwoabosdss7ssol vent. Additionally or alternately, pat/use@sis®sne of

t he sol vent coul d be evaporatively renoved fromthe web, and the
evaporati on may be enhanced by nmethods such as air convection, heating,

etc. The preferred resulting web is both net neutralized and dual -si de

neut r al i Zednfenmsisherae phpelangigygs, and singlessileshpge orbagilarsherge. at hiaer eagihd i s
only partj.gl SIRVE ving one or nore constituents of the
l'iquid mh|g€L¥%QV|n %%%Eg&ﬂugﬁgq%%%gfntuents on the web. For exanple, in
sonme enbadetiedd &sbrhl&dl ihahik do¢unednti ges/ide footheanduction ofibothobldr ah@bipbfar desi r ed,

the solvent can b ved whjle the acrylatc stays behind and r tains t he
char ges X288 oNHEe %§ gg%,témdhe leﬁéthcﬁc@% iSFYSeedroxs- At mCi;}dg%& Wﬂ leg

" adi aki oncRNACHYS Ak Bekeadly fhdclatiOy fg%cgtxﬁc@a&@e@aﬁ it cOficalhibfifont N fermva'
of the liquid solvent her e iquid 1s a mxture of
two or elpmeslm Blheetehn dmld&hzamdnf' dets mift imnhky that@dlj disrgedss heanadoatplatelyy

hi gh whi, | d of ds h | ly |
Vapor. pr apBEE T HieRs il ors Tl pTEC eyt Buh St uR RGO eht nd.
t he SeCOWv’eah('tQ Whithe dEhetssecand fo%@khrﬁﬂleda HSutlORGerchis Dot rRicd Blat SssthtiAigsi red.

An exanpl e of the first liquid is tol uene and an exanpl e of the second
liquid i sweakamsthoenternabfibld to a level that buyrgs dsfastrdnteemtascentitde rangei aghatui t abl e

for di fyin b .char inN_aecardance is d osur.e ar rally
e 1 haD orhietEs GERDER seaPERRGPBRARa ot MafeelGLIRY £ )R AL st
about 1 »olRh deRkt¥)assuttht@DwIR R dribiihl BRRWr charge His@@RBoMhiebzacendugt i vity
of a material indicates how well charge flows through the material.

Gener al | yI€ Hﬂ%ﬁﬁbh mater (i.e., distilled water, tap water, salt water,
etc.) has a V2009 0R57S1PEH 1120004050957 RA0SEL Lid § uthYelu ML hi n or
close to the desired range, er was ftoun e a pre erred primry
sol vent fdargehgsonpathat tide aMEbMESATAGS 1 has a first $de 6@l vhpostdistade f or
nmodi fyi ng web charge in accordance with this disclosure usually have a

di el dét r istdecowithanhichicsab theestweadnoBiddOisgrdumiod ick at baanyhotable40. 1 n sone

5enbodi nents, the sujtable s Ive s. have a die] ectric.constant. _of out 15
to about oEnCntihat H?Ibi’f‘elé‘?sﬂti‘%leg M6 IgH RO BTPHE OB POTEgEL avrlthaﬂda@st ance
(e.9., Il SRR AIIZE]s oﬁtﬁf%ﬂ S nkLy %h%%@ff)hfehﬁotf d Ftiihafging her eby
attenuate the electric fiel in the materi al dielectric consStant

rel at es trwotdss suepasc todnthet vfgroundedmireyona er(lbodefn¢nthdh¢ gwuhdinpef st éri al

Founa by PHE tovinoserparer gLty e SRRAER oRt o Pl AT Al aeph S "o

constynt {ResHEYyY in conjunction with other properties of the I|qU|d)
tended to lessen the ability of the liquid to effectively neutralize the
web. That is, too high of a dielectyic constant is not desirable for the
apparatus and nethods of this d?sc%gsure Exanpl es of suitable sgpvents for
neutralization include: isopropyl altohol or 15i sopropanol, methanol,
et hanol , met hyhh@t Bylank et aRehd Mekic PBhidielVTgcc WadRAing r@gmerbe&mhvﬁ;he wor d
solvent is used herein to refer to a liquid which wets the web, and does
not necessalid Wyb,iregpleitividhe Baliscitt®wedfs, ﬁlﬂ)éld@&idﬁéﬂ&bﬁﬂ@ldéh&m33@261339%1165 The
solvents are |iquids comonly known as "solvents”". A mxture of two or nore
sol vent s thegleetrigifishl ipsidg edveBrRIGN 887 i s a schematic di agram of a web
handl i ng apparatus that includes a charge

25 E, =—— (2)

&g,
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
17



nmodi fication systemaccording to this disclosure. FIG 8 illustrates a web
handl i ng process 20 that has a web source 22 for web 21 (having a first

si de 2l a woao@/msersond si de 21b), a charge nodification eCatiseensddqsand a
coating station 26. The web follows a path fromweb source 22, to charge
nodi fication station 24, to coating station 26 that has 25various rollers
28, nips 29, tenders, and other well known web handling equi pnent. Wb
source 22vehaly zpre yaryaYhery steaddrd ngetinlBingdenices waslddwva ey 1itde impaghpre hecoul d
have a COsEFfaQerclﬁ? Lor el ess. Alternately, web source 22 could be an
extrusion pr ocessg, ‘formng web 21 inmmediately prior to web handling process
20. I'n nost erficdil aratis @sstiasd diktussion abed ik fuskbls v@y singplewedmplaeba sour ce
22 is a roll of web material. As b 21 is 30unraolled fromweb source 22,
bot h si dd¥p@archateeiliiyipytiqnihatrappd:dbederdily huialtasA #png somEIaTCiRligHgeTs-

In thiss quhodyiRBls swBRR ifFIG! PRMRMHGEHRGERnli% bed sifcanglorBemer | es of

rolls 28, Ich are we nown. At eac 28, web 21 picks up~charge,
due to thgowsktactsidertd Cehmaseal isnnrmgactirabizers fxach o4 thos@@iscubyql ioahd y, t he

si de of b,21 that contacts roll .28 picks up the charge. 5Fromrolls 28,
web 21 MUKy, T PannTEOATARAENE FBR & S HEd o FBREGYSD B B Tl er
roll 31, ¥ebrof heRFDIGhEsS Bindedth &3 86 fiBRGxidrEatd RBlafdAN PN steshvn in FIG. 1,The
coating web enters the charge nodification station 24 with electrica

char gi ng adoendroiamghizing reutralizgion idavicessarp neté gy vhitstduong Whegeayclma i ncl ude

Cour o835 TEYRRH Rprkn YRR ARbHonadlinh Shesfin RER kAP o o8R! Bl To 1

unwi ndi ngidtribiidnl ehatestitdt betdadilg anitadize &g eqamatcid forfi£@8N Vid inesdyveb
handl i ng conmponents, charging fromother web static neutralization or

char gi ng d¢ssrikeddn thiy disclonie gafy bowred fepaitghas mapy probmatighipalanghareeg and
idler rol]. k I . I . I1's that m ght
be presen 1§t§§%tg&8%g%ﬁﬁgh%ﬁ&t&é@?@ﬁ%ﬁon\}@grcﬁ ﬁgﬂ’%ﬁoﬁ‘g@g{?ﬁ%m nt. It is
gener al | yhewehlizikndovicdso |imit the nunmber of contact points (i.e., rollers,

ni ps, bars, etc.) with b 21 durin rocessi in order tqQ inhibi
cont [Hued acourRIMEs B %SV%&P&@I} Wit F1Ge o waiee Bupfris f o ml@s@mgmunéed

di scl osurgie Welr1GanddNG) R AGRSSidL] 3 Md HAGHoSRAIEIRE T4 GaklARiRIALT On
24, which renoves the accumnul ated charges omweb 21 and 20provides a

dual - si de ercbitpebar Faeln dx@hipred caelvieie gt =lledsymgnhesagfitudalof yhedual - si de
or bipolar neutralized web. I'n many and in preferred enbodi nents, both
si des 2lealamdc felllutide afusdlatsd deb df 193 o &im aveuywiadre,zed thipositageref gelng f r om

onar e T ShALh et et e oSS ST of 1
hol dixgg QfitySftnY &et ficl FBIGRAL RED 199 berySttbh, Gn8Rbnck @RIGRULNASR) cotmpRd deep to
allowthe entire width of web 21 to"be immersed in the conductive sol vent
used to substantially net neutralize this web.
Note that, for the same surface charge, the surface potential (voltage) of a 0.002
inch (about 0.051 mm) thick web with a conductive side (e.g., as in FIG. 1) is more than 3
orders of magnitude lower than for the case of a 0.002 inch (about 0.051 mm) web without
25  aconductive 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
30  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



held within container 25. In preferred enbodi nents, both sides 2la, 21b are
totally imrersed in the conductive solvent. Container 25 is grounded.
Char ge nowof20@assmm st ati on 24 preferably provides a symrogEtusc@ses@esur e of
web 30 21 (i.e., both sides 2l1a, 2 |b) to container 25. The residence tine
of web 21 within the solvent may be any period sufficient to provide a
continuous coating of the solvent on sides 2la, 21b, with preferably no
surface areas unwetted by t%e_§_lvéntggmo 2009/085751PCT/1J82008{ 86982
Downstream of contai ner 25 i's a \d§y|,pgcapparatus 30 that renoves*the liquid
components of the solvent fromweb 21. Drying apparatus 30 may enpl oy

non- evaporati ve nethods to renove solvent fromboth sides of the web, such
as w cks, squeegees, dans, knives, and air streams (e.g., air knives).

Addi t i on&nﬁyh%¢le<§rleéerﬁ%9@11wltas%wme ApPFF¥UY 30 nay i ncl ude a passive
device that facilitates evaporation of the solvent fromweb 21. Exanples of
such devices include convegtion o en§ bl owers, radiation (e.g., 4R | anps),
etc. Drying apparatus 30 préferahblyesprdyi des a symmetric drying g? si des
21a and 21b of web 21. Optionally, one or nore conventional neutralization
systeds 37 might be provided 10in the web path prior to the charge

nodi fication on 24 .t QVi SS i.a net, neutyal b to the
char ge-modi 11 drb 4 s S e o S B RS E R Sh it M) amdlBRe

neutral i zafde@t YshRMSviB Tndr&lGé ud@e N%gp db&@ésé@r}is tiRl Rt iceahestaald C
elimnators such as systens from lon Systens and Sinco (an Illinois
Tool Wr I@@nm@rﬁéamwebt inkiess b ottic erae pf:att:,racitmnn’altll(ﬁpﬁrqaéh gero $wsdh¢ gansa ri ng,
tinsel, rus I n cetcC.

By mechanietbCoribsouf Rt B A ABRS CHR BRE o8l Bl G BN ML ORAIB oS or s
the resulting dried web 21 is dualg’side or blpolar neutral or at | east
esserli alwepb withtut gicdadustivp bpaking, -néut Far theBeramatére given ahoveznithe ar e

dual - S|de or bi pol ar neutral or a ¢ east essentlally dual si de or bi pol ar

neutral , uI ted solvent. 20As
prOV|ded a Smon?iﬁﬁgfl Eth y condﬁ) 8?QHV3 nas™a dr elect ri c
const ant |ghitiap detce &Dath@ctﬁmuuao&&n pldte bagaleRferf@uods b[}'inltllh foroy'gsd 5.g8t or s
that, despite neetlng the criteria of being at |east weakly conductive,

de-i oni zeWnhatrarthersngre, theyeliage apnding pfrvad kvl liacspscsiicarly sad syba¢tot pr ovi de

referre I i I
(F:)onst ant gCho ’tﬁgg}lég%g u(%f?%tgisctnggg\&gt%%rr%% g%%ati'—c%@' ghﬁ 19]31 stk e%ﬁf\}lvbé: -side
or bnﬁolanm@emmmahmomuﬁssemmnanpyndmﬂW“wédd@nﬁmmhb@amamIRQMhmaIaxmkogresses
to coating s t|on ere a coatin s applied to side 2 ating 32
may be adscfbégwwa @Hém apkcay f@&%ﬁwh%gm%lrchafae. B forge Sijagous, ﬂ&ﬁ'ﬁ%ﬂ%c@

pr ot ecti vg glia¥Rfrse cdnBgE A LANE 'b?oblé%ﬂ@ﬁl%ﬁﬁtﬁ)é" 6y ih @%RlbShan@fin EhKE 1 ONi C

| ayer, an adhesi Ve, an abrasive, etc. 30From coatTng station 26, web 21
progr essadcantinessd Fyle¢xazn7pl¢, ¢hade ylectmtfbr@gs & leed ‘g) qndcsmbiﬁedlmwombﬂtweﬁt s f rom
coatlng 32 i this e ryer

Known. i QB SRS e Sibied & Gol Pl e crpndsd alitet oy

essenji al dléb \%lﬁkno‘imﬂ@iapﬂmﬁhﬁ@ffé’des REMbE AbstahRally ai@%tm t9ahé 8tidn dfeldtric
swirls, whorls, fish eyes, etc. frequentl%%gccur i's believed that

havi ng arfiellseend wgﬁeedlst@rl@nmsgénmd@ prasluct Cé@at@ateéunwéer(aéﬂ deee2fls) or the
si de oppogh g ?ﬁ?h‘i\%% é%aﬁh%el(f g‘é %%Iuai l'ﬁIvto?tE?uldE\{l‘echM MPRPF{ 1 ern.

By neutraliz ng Hccordance w resen |sc osure, drying
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.

25 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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patterns are inhibited. Charge nodification station 24, and
variations thereof, are particularly suited for various applications that
benefit fwormaumb?ssi de or bi pol ar neutral web. Various exargsb@s/oB@SE been
provi ded above. Charge nodification station 24, and variations thereof, are
10al so suited for applications that can utilize a charged web. For exanpl e,
such a web may be used in a dual side neniscus coating process (where both
di es arc grounded). In such progess,24xe charge nodification system may
be present in the free spaﬂ“ﬁf?b f%i; oating roll, allow ng éﬁne for
the solvent to dry prior to the coating‘roll. In such a case the web shoul d
enter the coating station with a zero top-side and bottom side charge, and
150nly the tribocharging of the web comng off the coating roll should be
an i ssue.onlthe bthepodsi Bérewtthhicknesiodubd oslot ofaXi awarptre thedokd bélde thoul d

nedi ate sonmewhat, this tribochargi ng effect. dditionally, web
hand: | ng ISEE Sieb sFsafl Gl At IHETee of e Diser AEYe ot HED T gMUient s such as

i dlers angcRhORINDIA) X3 thOfiNgRx@inalty th &b iesRITPHBRSI PRI Nhralol #BY wlB Nt in
20t he web path prior to critical steps such as applying a coating (e.g., at

coati ng swidt & nckngys aeouptedimydas ot magmgpdefsmater thppKi, et tddis mginfye. g., at

d 27) . 2009/ 085751 PCT/ 008/ 086982 | Fl . 9-2
Tho t of | SAPEESHER Feng ots TRTES R LOLRAE BT o L rEOH BRI B ¢ hi s
di scl osursgryatiir whdie afoedunavd BehdR¥avEpIes.is plat&d 4 gidtanede ovaypaeinahpak( TV film

(1 4 m!| b5polyester, Type 860140, comrercially avail able from 3M Conpany)
was used deleetiie side oftheupgh. he narmad cmppngen eivhic fighbi thnbestam plgteos shayen web),
bot h i d i d . ia . - The.static
neut 3l 301G agn b S AR PogRN e RGES PhBOh AR TUSELT 4T e
t he char déveant thielavgtpap Thevcb ithiokisyputiy, ths ficld inshe gdped imtherkdf/erange launber

40 in FIG 9. The filmwas unwound fromfilmsupply 40 exposing firs

10si de 4@&Gaﬂéhr§é%lbﬁ{f}-s7r§@ gy alue of the shapgeeitBBatn v ke é\/&‘ém%_seq to

create a Wb, Patdhib g&ﬂdﬂﬁwﬂg ot HRODUEREL ARA tWHCHRA M BAhattd thOFir HEME g%%)' Zl ng
40, a nedtraliz ly 50

net charge on we at1on assenbly according to th resent
di scl osurkhe déatridah peresttby oflniriweg témpao bt twt 68a facuuthi s set up, | R | anps),

and static ch e asurenent sensqrs 56 and 57. T ai.r kni.ves re fed
Mt 1381 ean HOfed e Boa nof oA desers BRIPER A SHecHHE TEE 35 By en
contam naérbﬂfﬂeefelefrﬁb%t sYStRRidI Gﬂ"gab}’d@ét%e fHOoUs %as‘éQjTWe%St_ﬁi%ﬁn@k E®@sin etc.).
Nucl ear bar 42 was a NUCLECSTAT nodel P-2001 static elimnator, used to

creat e a dndiperigd Ket Oent Feoim KD X &ps sssenhaiuiie lapge fidids candicaichisded fasm
convert ) EPuEol bt 3RS e RIS GBI, R 22 ves
FIG. 4 can be converted to peak values by multiplying by NG
20 Similar to the case of a constant surface charge discussed in respect to FIG. 1,
these sinusoidal charge distributions can also lead to undesirable effects in coating, web
handling, drying and cleanliness. For example, FIG. 6 shows the normal force per unit
area (normal component of the electric stress tensor) profile on the web for a gap one
order of magnitude smaller than the web thickness and four orders magnitude smaller than
25  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
30  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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Neutralization assenbly 50 consisted of an al um num casserol e pan 55 and an
idler roll assenbly 51. Idler assenbly 51 caused web 40 to travel

hor i zont avbyoednsesgh t he pool of sol vent (both sides wetCTfuszoigppesxi mat el y
10 inches (about 0.254 neters). Wb 40 exited the solvent pool vertically
and was transported via two other idlers 53 to the N2 fed 25air knives 52
(from Exair Corporation). The feed pressure to the air knives was

appr oxi mat el y 18@cesanee tyithghis. dissdasurp chargg moddicoen picthe webisar heen a pair of
500 watt ac&%&%@? %? cg)lgt'é&ng%ﬁp?ldeg‘éfQHile{vggvvl adl?dr 1(\/\905198% usIQ web vol tages
wer e neasure I 1&a e was neasured in a
free spamlrﬁﬁm&eﬁklﬁfaﬁﬁlthdnhembﬁngaﬁm)r usjimgtha s3e3hd I\/bdel 718 static neter
57. The top.side. (side b vol tage was neasured over a grounded
i dl er 58 using % i %gftb%amlm.te\gg \g%‘%w %Hltélélﬁﬁéf‘s"fl%ﬁcgld%ﬂ ‘F‘H%?%‘Pnrmdel
279 wisth @ g»4 0689/ 8 008(0 g r sone
tests, th(e togﬁ; ?b (t)%/{\gé%r ez |ng %sgﬁ({rl%é% g? W%S%t OQQ ag han t he
net vol taqyplyn@mmgted'ﬁhcls ongdothetodogesidds dftee fob |abW1‘pQOIt/hIBOI‘Nl0nEIDI’ exanpl e,
if a web has a charge ne side.and, zero on .t he .ot he t he net
Vol t age. rORRRY Byt HES o SRty RS RPE et e B e G e bl SRHBr L [

t he unchajgRehb Qﬁh@ﬁf&%@ We BorMIE R 1yPARICRH i RRARIy RN cidd B AERdd ! dl er, the

t op- S|dquolta§% rea&]ng ngnrﬂghe§ﬁ%nroelvoltnete$ mogld %@qu/ 6., where
d is the web tAftaienpketionhbe rhauudos %nﬁﬂeovedmnélodérlvqblma@@yln@evap@raﬁ@tve
voltage is herefo e op side,
Vhe o8- aialor e SRrfadndiys wRbr Yt FrndL PG A A2 BFiebEr  age
readi ng. d¥efcednch éstwfckdﬁr mké gecged, atcoey Rmoot helei @ dorad ofthEekkvesni X TDS
3034B lOOSCI||OSCOpe cope was set to collect 500 data points over a
20 second\dditignal ﬁtOélalﬁ@mately, at leastserag ofjthyispkyentsomtd hogvsperativly screvdded wit h
bi pol ar if so,
what pat D e, B HRL B el ol DGR 8 n0BbaS e S0R0 UG @RGR T
Harry H. Hdafihg, etcA Tmtﬁﬂﬁﬁné@fesﬁmlugywabgs bt ndt sdutdabizdd and dandside geutalizad,at i ¢
charges on §|Id mat eri al s", Journal of Applied Physics, volune 20,

Decenfer #¢ggnediapve1157. 1159. FIGS. 10-13 show the visible results when
powder _coat i ny CBAL SRBoNRIANS 1AM fuils NEDSrtidllyGermbled Sudh RIB! RGO aph of
a powder coateg web fr8n1t he Exanpl e S%] né ﬁ?eneu%raP?Eatlon éblgg

t her eon. (EMGﬁnﬁﬂec@m&ﬂphmkﬁﬂkﬁnpgﬂamﬂehﬁvmgmmmdenmunanmﬂwmmbohﬁhnwﬂhe

Exanpl es havi ng been passed ,under a, .conventi onal ear bar and.a

Convent dA a3 i e L R bR, Br o Endbr coat ed
web fromdebige %mhﬁ&n%%ﬁgv&ﬁ@ﬁﬂ@ﬁé%@w gays @elﬁﬁ@iﬂd@eﬁﬁﬂs‘tﬂ&eha‘?gésr ogen
air knives, and IR lanps. FIG 13 is a p hot om cr ogr aph a powder coated

web Qﬂomqnﬁbe E;(féaepIOéﬁlehh@lﬁﬁgc lﬁ@é@rlaheﬁtep‘@m besin mdta’qlom@lpb@p@dd talS@luhfﬂ in
accor danqge M il GoR IR ndl SSOAPHF & 1T, LRERE L NAoRR! KGRI

utlllzed anol Haf Mo B ah ¢ 200
IF’r gof I's ?Rfu‘id)@ raquufré ofvider rhUﬂeKnﬂsélbleSluﬁlﬂisy AVetdh Mfthetlﬂ’qnids T Q‘fkﬂatnfe[yi)m bul k
ap supply

higher vapor pressure, while a second of the liquids has a relatively lower vapor pressure.
The first liquid is removed by evaporation, leaving behind the second liquid. The second
25  liquid is then 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
30  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

21



Acetone, fromthe bulk | ab supply Heptane, fromthe bulk |ab supply

30Tol uene, fromthe bulk [ ab supply DI Water, from de-ionized water supply
for | aborwOang/iskhy Tap Water, from suburban water trearoentS2as/08@s82 (city
of Wbodbury, MN) WO 2009/ 085751PCT/ 1JS2008/ 086982 Table Salt, Mrton table
salt, fromlunchroom supply 3M Fluorad EC 71, 0.01% w, expected to be 22
dyne/cm surface tension The apparatus of FIG 9 was operated with
each of reenfugionty lechwitbin Ofi%BrtQ)ﬁl@rﬁgﬁlrf(dl RS, Wikar Ayas feyndnot kebome ( VEK)
acet one, - I ri.saline 5water, and Fl uorad
FC 171 bé?%%hgggﬁpééy%ﬁi&%g%%%%?5§¢ggggﬁurﬁkﬁgg%raIization assenbly 50.
The sol vent s tTatsoivenisaditiigs forwhddifyiigwemthargd @racesrdime wids @isdsdiesned |

et hanol, MEK and | PA.. Fromthe sqglvents tested (whether or not they were
one of rrétSth’ohla,Veét‘ﬁ%i%P? er@niegat Igaf abayh 1) gpid N E1OKG ﬁenra HH A8 AySPRRf er r ed

met hogs fe?ﬁbo’aﬁﬁ&{té}!tliniz%{i‘@blte%lv\éﬁt? ht%ﬁéf £ il R ERVEL&Gnt JFAboe*i3MB aBoutdlst AgKAN

acetone was not I ni y one e preferred solvents, those tests
denonst r atiddcttibeonsymo rdlanc® tbé alpligvofdi uhstenven(c (gsildeid) ve poldele idevaonsang and

drying of the solvent across the b, It was und t hat. adj ust. the air
o) 000 o Bl e i e RERERBy S pbEe Sl Al B e Rttt p bt el ot 't he
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that the word solvent is used herein to refer to a liquid which wets the web, and does not
necessarily imply the solvation of any particular chemical species. The solvents are
liquids commonly known as "solvents". A mixture of two or more solvents could also be
used.

20 FIG. 8 is a schematic diagram of a web handling apparatus that includes a charge
modification system according to this disclosure. FIG. 8 illustrates a web handling
process 20 that has a web source 22 for web 21 (having a first side 21a and a second side
21b), a charge modification station 24, and a coating station 26. The web follows a path
from web source 22, to charge modification station 24, to coating station 26 that has

25  wvarious rollers 28, nips 29, tenders, and other well known web handling equipment.

Web source 22 may be an eclongate 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

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

well known.
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Agai n, the surlpdke Anstratedembrdieenterfihilied; chatasanedifigptivatsttion g4 neghedeali ze t he
web. VO 200040854 ?&Rgélﬂr]aﬁa%gﬁfquégfgs%?vent Container 25 is sufficiently large (wide)
25  and deep to allow the entire width of web 21 to be immersed in the conductive 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
30 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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Met hanol ) ) ) o
Downstream of container 25 is a drying apparatus 30 that removes the liquid

components of the solvent from web 21. Drying apparatus 30 may employ non-
evaporative methods to remove solvent from both sides of the web, such as wicks,
squeegees, dams, knives, and air streams (e.g., air knives). Additionally or alternately,

5  drying apparatus 30 may include a passive device that facilitates evaporation of the solvent
from web 21. Examples of such devices include convection ovens, blowers, radiation
(e.g., IR lamps), etc. Drying apparatus 30 preferably provides a symmetric drying of sides
2la and 21b of web 21.

Optionally, one or more conventional neutralization systems 37 might be provided

10 in the web path prior to the charge modification station 24 to provide an essentially net
neutral web to the charge modification station 24. Examples of commercially available
neutralization systems 37 include air ionizers, electrical static eliminators such as systems
from MKS Ion Systems and Simco (an Illinois Tool Works company), induction static
eliminators (e.g., static string, tinsel, needle bars, and brushes) and nuclear static

15  climinators, etc.

By mechanisms of which have not been fully determined by the investigators, the
resulting dried web 21 is dual-side or bipolar neutral or at least essentially dual-side or
bipolar neutral. Both sides 21a, 21b are dual-side or bipolar neutral or at least essentially
dual-side or bipolar neutral, if both sides were fully wetted with and dried of solvent.

20 As provided above, the at least weakly conductive solvent has a dielectric constant
of about 10 to about 40. It has been found by the investigators that, despite meeting the
criteria of being at least weakly conductive, de-ionized water, salt water, and
surfactant/water solutions do not provide preferred neutralizing results, possibly due to the
high dielectric constants of those solutions.

25 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.

30 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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It is well known, in prior processes that provide a coating on a web that is not
essentially dual-side or bipolar neutral, that drying patterns (e.g., swirls, whorls, fish eyes,
etc.) frequently occur. It is believed that having an electrostatic charge on either the
coated side (side 21b) or the side opposite the coated side (side 21a) facilitates the drying

5  pattern. By neutralizing the web, in accordance with the present disclosure, drying
patterns are inhibited.

Charge modification station 24, and variations thereof, are particularly suited for
various applications that benefit from dual-side or bipolar neutral web. Various examples
have been provided above. Charge modification station 24, and variations thereof, are

10 also suited for applications that can utilize a charged web. For example, such a web may
be used in a dual side meniscus coating process (where both dies are grounded). In such a
process, the charge modification system may be present in the free span prior to the
coating roll, allowing time for the solvent to dry prior to the coating roll. In such a case
the web should enter the coating station with a zero top-side and bottom-side charge, and

15  only the tribocharging of the web coming off the coating roll should be an issue. It is
possible that residual solvation the back-side could mediate somewhat this tribocharging
effect.

Additionally, web handling process 20 is designed to minimize the contact of
elements such as idlers and other rolls to web 21 during the processing and at any point in

20  the web path prior to critical steps such as applying a coating (e.g., at coating station 26)
or drying or curing of the applied coating (e.g., at dryer 27).
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Examples, FIGS. 9-27

The following non-limiting examples illustrate various embodiments of this
disclosure.

For the following examples, a rolled web of Scotchpak(TM) film (1.4 mil
polyester, Type 860140, commercially available from 3M Company) was used as the film
supply. As is well known, upon unrolling of the web, both sides of the film web had a
charge associated therewith. The static neutralization apparatus of FIG. 9, described
below, was used to neutralize the charge on the web. The film supply is illustrated at
reference number 40 in FIG. 9. The film was unwound from film supply 40 exposing first
side 40a and second side 40b.

A breadboard idler module was used to create a web path including a conventional
nuclear bar 42 for neutralizing net charge on web 40, a neutralization assembly 50
according to the present disclosure, air knives 52, drying apparatus 54 (in this set up, IR
lamps), and static charge measurement sensors 56 and 57. The air knives were fed with
clean house nitrogen both as a safety precaution and to prevent contamination of the
system from typical house compressed air (oil, etc.).

Nuclear bar 42 was a NUCLEOSTAT model P-2001 static eliminator, used to
create a fairly net neutral web representative of that obtained from conventional web
neutralization systems. In some tests, nuclear bar 42 was replaced with a static string 43,
as identified below.

Neutralization assembly 50 consisted of an aluminum casserole pan 55 and an idler
roll assembly 51. Idler assembly 51 caused web 40 to travel horizontally through the pool
of solvent (both sides wet) for approximately 10 inches (about 0.254 meters). Web 40
exited the solvent pool vertically and was transported via two other idlers 53 to the N, fed
air knives 52 (from Exair Corporation). The 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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probe. In some tests, the top side voltage reading was orders of magnitude less than the
net voltage reading. This was because of the following theory: For example, if a web has
a charge ¢ on one side and zero charge on the other, the net voltage reading by the 718
static meter would be ga/es,, where a = lin. If the uncharged side of the web were placed
5  against a grounded idler, the top-side voltage reading using the Monroe voltmeter would
be gd/s, where d is the web thickness. The ratio of the top-side voltage to the net voltage
is therefore oc d/a. For a 1 mil web with charge ¢ on the top side, the top-side voltage
reading will be 1000 times less than the net voltage reading.
Net and top side voltage data were collected on a Tektronix TDS 3034B
10 oscilloscope. The scope was set to collect 500 data points over a 20 second time interval.
After drying, some samples were coated with bipolar static powders to visualize
whether or not any charge, and if so, what 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,
15 p. 1157-1159. FIGS. 10-13 show the visible results when powder coating charged versus
neutral webs. FIG. 10 is a photomicrograph of a powder coated web from the Examples
having no neutralization done thereon. FIG. 11 is a photomicrograph of a powder coated
web from the Examples having been passed under a conventional nuclear bar and a
conventional quartz lamp. FIG. 12 is a photomicrograph of a powder coated web from the
20  Examples having been passed under a static string, nitrogen air knives, and IR lamps.
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.
The following solvents were utilized for testing:
Methanol, HPLC Grade
25 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
30 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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Table Salt, Morton table salt, from lunchroom supply
3M Fluorad FC-171, 0.01% wt, expected to be 22 dyne/cm surface tension
The apparatus of FIG. 9 was operated with each of methanol, ethanol, isopropanol
(IPA), methyl ethyl ketone (MEK), acetone, heptane, toluene, DI water, tap water, saline
5  water, and Fluorad FC-171 being used as the solvent present in neutralization assembly
50.
The solvents that worked best with minimal intervention were methanol, ethanol,
MEK and IPA.
From the solvents tested (whether or not they were one of methanol, ethanol, MEK
10 or IPA), various details regarding preferred methods for neutralizing the web were
discovered. For example, although acetone was not initially one of the preferred solvents,
those tests demonstrated the importance of providing even (side-to-side) dewetting and
drying of the solvent across the web. It was found that adjusting the air knife on that side
to result in even/symmetric drying of both sides of the web to compensate for the not
15  preferred non-symmetric web path with idlers 53 after the solvent immersion, the static
neutralization became effective both for net neutralization and dual-side or bipolar
neutralization. With proper adjustment, good dual-side or bipolar neutralization was
attained even beyond 20 m/min web speed.
FIGS. 14-27 are graphical representations of the charge present on a web in
20  various Examples. For all tests, unless indicated otherwise, the webspeed was 4 m/minute.
Each of the probes were mounted at a fixed crossweb location, so the data collected
represents the voltage of a particular crossweb location. The time axis in these figures can
be converted to distance by multiplying by line speed.
FIG. 14 shows the charge present on the web after having been passed under a
25  conventional 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
30  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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was immersed in acetone, in accordance with the present disclosure. The net charge
induced was due to uneven wetting of the two opposite sides of the web. FIG. 17 shows
the charge present on the web after the web was uniformly immersed in acetone and
symmetrically dried, in accordance with the present disclosure. This illustrates the
importance of symmetric wetting and drying of the solvent during the process.

FIG. 18 shows that the wicks or cloths can be utilized for some methods according
to the present disclosure. In this example, acetone was again utilized as the solvent, in
accordance with the present disclosure. Instead of an immersion pan as the previous
example, a wiping cloth (such as a “Wypall”) dampened with acetone and grounded was
held simultaneously on both sides of the moving web. FIG. 18 shows before and after
wiping, with excellent neutralization of the net and top side charge upon application of the
acetone.

As mentioned above, however, not all solvents were effective for the run
experiments. For the same webspeed and immersion time as used for IPA and Acetone,
heptane (FIG. 19), tap water (FIG. 20) and toluene (FIG. 21) not only did not neutralize
the top side of the web, but also created a non-zero net charge on the film (see FIG. 14 for
the base case of only conventional neutralization).

FIG. 22 shows the results of DI water on neutralization. In an attempt to improve
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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The properties of various solvents are provided below:

Dielectric

L. Wel?hne .. |Constant  [Relaxation [Dipole Surface [Vapor [Latent Heat Boiling [Solubility
Liquid Static COIlduCthltyor Time Moment [Tension [ -1oSSUr of . Point |[Parameter
Neu.tra— (PS/m) Relative (sec) Coul/m) | dyne/cm) @ 25C Vaporization © (J/em”3)*0.5
ization L (kPa) J/kg)
Permittivity

Methanol Good | 4.40E+07 327 |6.60E-06(5.67E-30| 22.22 |1.68E+01| 1.17E+06 |64.70| 29.44

Ethanol Good | 1.35E+05| 24.55 |[1.60E-03|5.64E-30( 22.09 |7.92E+00| 9.23E+05 | 7830 | 26.14

Isopropanol| Good [3.50E+08( 19.92 |5.00E-07(5.54E-30| 21.01 |6.05E+00| 7.42E+05 |82.26 2342

Good
Acetone " | 6.00E+06| 207 |3.00E-05|9.60E-30| 23.04 [3.08E+01| 5.38E+05 [5629| 19.73
Sensitive
Methyl
Ethyl Good |1.00E+07| 1851 |1.60E-05|9.21E-30| 23.96 |1.23E+01| 4.80E+05 |79.63| 18.88
Ketone
Water
(Extremely | Bad |430E+06| 804 [1.70B-04(6.17E-30| 7282 [3.17E+00| 2.44E+07 [100.00] 47.81
Pure)
Water
(Air Bad | 1.00E+09| 804 |7.10E-04|6.17E-30| 72.82 [3.17E+00| 2.44E+07 |100.00|  ---
Distilled)
Tap Water | Bad —  |6.17B-30] - [B.17E+00| 2.44E+07 [100.00] -
Saline Wated Bad —  |6.17B-30] -— [B.I7E+00| 2.44E+07 |100.00] -
Water +FC-|  gag —  |6.17B-30| 21 P.17E+00| 2.44E+07 [100.00|  ---
171

Toluene Bad 1.00E+00 238 |2.10E+01{1.20E-30| 27.92 |3.80E+00| 4.12E+05 [110.63| 18.25

Heptane Bad 3.00E-02 2 1.00E+02(0.00E+00[ 19.82 |6.07E+00[ 3.66E+05 | 98.43 15.20

3M Novec
NA [2.00E+04| 51 [226E-03| - — | 26.847 60.00| -
HFE-7100
3M Novec
NA [2.00E+04| 88 [3.90E-03| - 15.7 73.00| -
HFE-7200
3M Novec
NA [670E+03| 7.7 |LIGE-02| -
HFE 7500
5 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

10 relaxation time of the fluid (absolute permittivity divided by conductivity) be less than that
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of the process time. Comparing the solvent properties with the investigator’s limited test
results appears to validate this requirement. For example, heptane and toluene do not
work well, in accordance with the present disclosure, and do have relaxation times at least
an order of magnitude higher than the etstimated process time.

5 Although water meets the requirement with respect to electrical relaxation time,
water was found to not perform well in accordance with the present disclosure. Water
with salt added would have a very high conductivity and low relaxation time, but is less
effective than the preferred solvents. The wetting/dewetting properties of water with
respect to the particular substrate used may play an important role, with all of the well

10 performing solvents having a surface tension less than 25 dyne/cm. However, adding the
fluorosurfactant to attain a similar surface tension in water did not provide the good
neutralization result desired.

It is thought to be desirable to not include solutes such as surfactants or salts in the
neutralizing liquid because they might leave an undesired residue on the neutralized web.

15  An exception to this may be a situation where it is desirable to leave such a residue, in
effect combining the neutralization operation with a sort of coating operation.

Other solvents, namely 3M Novec HFE-7100, 7200, and 7500 (highest boiling),
were tested on a lab bench scale. In this case, samples of the film web (Scotchpak film)
were dipped in a variety of the solvents including:

20 (1) Good experiments from the webline tests such as acetone, IPA, methanol;

(2) Bad experiments from the webline tests such as DI water, heptane, toluene; and
(3)  Untested solvents like fluorocarbons 3M Novec HFE-7100, 7200, and 7500
(highest boiling).

In these tests, a sample of the film (about 2 ft long) was unwound from the roll.

25  About half of this length was immersed in the solvent contained in a grounded 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

30  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.
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1. 16E-02 5The process tinme in the exanples given above was

approxi mately the web path distance fromthe point where the web was wet by
t he sol vewbD 20@/a8b®1poi nt where the sol vent was conpl et elPgTdisz@d/08¢98m t he
web, divided by the webspeed. in these exanples, the process tine was about
0.5 mnutes. it is likely that a necessary, though not sufficient,
condition for adequate dual side neutralization is that the order of
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the neutral i zedf dige®? M5 B xewprnisation Withissyrage Beupicd it HaMEeRUMREde it is
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operation W sor ng operati on. sof vent’s, “nanely 3M
Novec HFEwatd Bfide 620Bylating mAROAL (inugihe Sttat el fhiidi gas clvetrealleBbRe:dom soll @b

I L R e LN T I N B
the veblingyiRRhsl s%éfférbtt"ﬁ?g WL LA % ndueAlizdBE RABUomewhat prior to coating roll 86.
Die 82 applied a continuous coating of isopropyl alcohol (IPA) onto the web, which was
then passed into a conventional convection oven 88 for drying.
A handheld meter (3M Corporation, Model 709 static sensor) was used to measure
20  the voltage at locations 90, 92, and 94, shown in FIG. 27. Location 90 measured the top
side charge with the bottom approximately at ground. Locations 92 and 94 measured the
total web charge.
The web was wetted with IPA on the front side by die 82, back side by, or both
sides by die 82. At location 92, the web was generally still wet when IPA was used. At
25  location 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.
30
Six runs were done and are reported here:

(1)  Control — Dry run. No IPA, no charging.
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After drying, the web is essentially coated with an electrostatic potential. The

20

P )

no char gi

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

ing. WO

present disclosure describes methods and apparatus which provide a web with a 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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(2) I'PA back (V=0) - IPA was squirted on the back side of the web just
prior to the coating roll. No IPA coating at die, no charging. (3)
| PA frontwOVe®)0ss75il PA coated fromdie on top side. No clrargisaggs/oscsback-
side IPA. 5(4)IPA front/back (V=0) - |IPA coated on top, sprayed on back
si de. No chargi ng. (5) IPA front (V=1000V) - | PA coated on top at
1000V. No | PA on back-si de. (6) I'PA front/back (V=1000) | PA coat ed
on top atcxponDwALs,|thacesingyrahasherpRiekedsy theslotiT pratigap? ersmaely k@owa0 il s
with an ICPAmI1 %h()?t e of 1.5 mM/mn The voltage neasurenents fromthese
runs are giv he table below. Run Station Location 90 (volts) Location
92 (volts) LodatthothaBding vicisjents deoaritiedlabwed) ti: o 204G¢d BiEpcafd t@ bt RAbleack
V=0) 3-5
( ) in time (did not appear to bleed off), indicating that an additional coating may be applied
5  on top of this “charge coating”.
We note here that, in Runs 4 and 6, there was little time variation in voltage at all
three locations (including the “dry” location 94), whereas in the other cases (where at least
one side of the web was not wetted with IPA) the time fluctuations of the voltage
measurements were significant. It appears that both sides of the web should be held at
10  steady potentials for the method to be robust. This may be done by coating a solution on
both sides or by ensuring that one side remains at a specified potential by, for example,
keeping against a grounded object during processing or , for example by putting a
conductive backing against it.
Some example applications include the following. Dual side meniscus coating
15  (both dies grounded) of a web in free span prior to the coating roll, allowing time for the
IPA to dry prior to the coating roll. In this case the web should enter the coating station
with a zero top-side and bottom-side charge, and only the tribocharging of the web coming
off the coating roll should be an issue. It is possible that residual IPA on the back-side
could mediate somewhat this tribocharging effect.
20 Alternatively, one could pre-coat charges using a voltage drop between the two
meniscus dies. This could give a much more uniform “charge coating” 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
25  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

30  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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3-5 250-300 3 IPA front (V=0) 5 200-250 700-800 4 | PA front/back (V=0)

-5

-6 10 5 IPA front (V=1000V) 1000 1500 2300 6 | PA front/back(V=1000V) 1000
1000 1000woPnemsstse results, it is seen that, provided PPAUsa®sinedd8ed on
t he back side (at

10

15

20

25

30

Operation 104 is then performed to apply liquid to a patterning tool having a
second charge potential. The tool, such as a stamp or cylinder, includes a surface having a
three-dimensional profile. For example, some tools include a plurality of ridges separated
by recesses. The ridges include a stamping surface that defines a desired pattern. The
ridges separate the stamping surfaces to define spaces of the desired pattern. A liquid is
applied to the stamping surfaces. In one embodiment, the tool is pressed against or dipped
into the liquid. In another embodiment, the liquid is sprayed other otherwise applied to the
stamping surfaces.

The liquid is typically at least slightly conductive. In some embodiments, for
example, the liquid includes uncured acrylate monomer. In some embodiments the liquid
has an electrostatic relaxation time that is less than a process time. In other embodiments,
the liquid is one of methanol, ethanol, methyl ethyl ketone, isopropanol, or acetone.

The tool is typically at least slightly conductive, and in some embodiments
includes metal. The tool has a second electrostatic charge potential that is different than
the first electrostatic charge potential. In some embodiments the tool and associated liquid
have little or no charge, such that the electrostatic charge potential is substantially equal to
ground. In other embodiments, the second electrostatic charge potential is greater than the
first electrostatic charge potential. In yet other embodiments, the second electrostatic
charge potential is less than the first electrostatic charge potential.

Operation 106 is then performed to apply the liquid to the dielectric material with
the patterning tool to generate an electrostatic charge pattern on the surface of the
dielectric material. For example, the tool and applied liquid are pressed against a surface
of the dielectric material and at least some of the liquid is transferred from the stamping
surface onto the dielectric material. When the liquid is applied to the dielectric material,
the electrostatic charge is altered at contact locations.

In some embodiments, the tool 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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15ground potential in this case), the web could be -coated” with a
potential equal to the applied potential at the die fromwhich | PA was
coat ed. TWe 2bhowvmb7sdri ed web had a very uni formrobust clrargs2aisssessbuti on.
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 20 present
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on a dielectri er.l al, t hod 100, includes operatio . 104...106, and
108" 1 oper ac i oGt iR R e B PR BB Th ERR 20F e i Sy
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potential applied to the dielectric material, such as with a scorotron. In
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102 after operation 104. WO 2009/ 085751PCT/ 1JS2008/ 086982 Oper ati on
104 is t Ry sPrRlad tueapity 1iquid to a patterning tool having a second

charge potenti I : : 3 - I a surface
ge p BGs. 3783 ta‘r*l@%cheﬁh!t?&‘;'a eg§p e|%:t1§é HERs ‘Hllusﬁwlﬂg]&iﬁlretho:d 15¢ _Llﬁ;g?lﬁjlg

havi ng a t hree-di nensional profi or exanple, sone tools i e a
pl ural i tyiquid toithgdslestpanated fhym ppetgsmg. todlhd heintylesd oavotsuadier thediganpi ng
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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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applied to the stanping surfaces. In one enbodi nent, the tool is pressed
agai nst or dipped into the liquid. In another enbodinent, the liquid is
sprayed owvbeposshmiwi se applied to the stanpi ng surface®CT/iseoosiosass i s
typically at |least slightly conductive. In some enbodi nents, for 10
exanple, the liquid includes uncured acrylate nononer. In sonme enbodi nents
the liquid has an electrostatic relaxation tinme that is |ess than a process
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cont ai ni RYOHTEISP! fcsamenlughivasthat of appetrad Maerias néaclirs 9F MOnemBiSed i nt o
tank 114 and IfeR GRS éld?q,’ﬁflié%io'hgl% nerts Ay heh QYE IS lidui @HER) nbt B I €MRi NS

on sheet 112. FI'GS. 30 an are schematic perspective views illustrating
a second logldy abnduetiv. As illustrated herein, conductivities in the antistat regime are sufficient

to enable adequate charging of the liquid pattern. Some embodiments according to the
30 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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the nethod of applying liquid to a patterning tool. The operation invol ves
plate 112, 20liquid 116, and patterning tool 120. Patterning tool 120

i ncl udes woanpiasg7ssur f aces 122. After the liquid Iras/use@s/osgptied to
the plate (e.g., shown in FIG 29), the liquid is next transferred to the
stanping surface 122 of patterning tool 120. To do so, the stanping surface
122 of patterning tool 120 is pressed against liquid 116 on sheet 112.

Pat t er ni ridcledgsp- %h@cliaégq tatribyborn anasigd e e di¢ledric surface may eayifospps of

liquid 1 ' I f . St [ o IS.enbodi nent,
patt er ni g bRef FaBRG By PrAC R I dBbl ity anTeb g B85, 55
ar e schenslidtiterples squed is e iivplavsor dvlapsiatedt | ng a net hod of applying liquid to
the dielectric material_ froma patterning tool. The nethod occurs after the
liquid hd@gﬁgiﬁhggﬁiﬁédﬁlo t he stanping surfaces 122 of patterning tool 120
(e.9. 5 as deseihsFAWhbA 1G] 1ELIREER: vaRus Snbodiments dffhis i S
enbod?nent, dig%e@??ﬁcgﬁgté%?éfggggﬁ?%QCEggg%& gﬁg%#ﬁgﬁnﬁ éégg %nto a
grounded dudchtserel30, or charged while on a grounded plate 130. For exanple
a scorotron 0 751PCT/ 1JS2008/ 086982 is, used,to apply a
substantial | \y'\?_[‘!.ﬁgf@(-gf ﬁhﬁ%ts eieatra%%%@wsepp%\wsi% @ qigh cemdigdled, ot her
charge ahﬁ&ﬁ&ku@@KQ%%h&%@x@E&uM@@Q.qﬁm&%&hﬁ%%hbﬂﬁﬂﬂ@éh&@@p&ﬂ%ﬁﬁﬁnb@he
dielectric nature of material 132 causes charge to remain on a surface of
di el ect r igsneratedrbyalepagingiespi¢deacrylate pranseree roof a grovndseapngdiiciive tad@nto

5St a ingkéﬁrgﬁgq %%2 of g@tterning tool 120 is pressed against a surface
of dielec Y SHISMYSB At | east some of the liquid 116 on stanping

surface 122 i sTHerragistiRidcas oricdidicetrie otdntialniére mapped By a Ttk Mddél 400ne,
charge present on dielectric material 116 is neutralized by liquid 116 from

st anpi ng Aestosiatc Yolmetpiowil arlrele NpdgledQd Pels Bigh-spaeciprebe srounted e aranugl 116
that is nt [ QUL Lhg surface 122 is not
10neutral|fgﬁg'ﬁﬁ&éﬁggf%%%?%g%goéﬁgpggggg%%ﬂgh&is formed on dielectric
materi al 132 ¢0Grspandotd clatroktetistiapg: pochtipdbh ererdidéctat ampiriaaierr f ace 122

of patterning tool  120. i her. enbodi nents are useful for applying a
char de tcfhargéﬁge‘i%éétei?%“‘h@f‘@i“?]a%haé%}%“ﬁ‘é? ?%edt%élgﬁaw@nhmgf 11020! and t he
liquid. 1o,3Hoh SHPAGLIESN e s &r&%&se%rﬁhﬁ&dtt%hﬁﬁﬁ!@mﬁﬁ%s%&d THequi d are
charged (such as by electrical coupling to a high voltage power 15supply)
to an el ectomsinatting déranode (pgdlépldted savhaoth blade)ewtsdreld dtaspehbediatigeost at i ¢

charge potenti of t i electr. terial. In so inents the

i o1 sct & it Grsran Stk AR Bek e WRBHEINE enT w@aDT | T M PEAIPEG to « he
di el ect ri GuiBtRS dcdden SRS @Brdtnlth BERTa@It4IREH ¥ 4 fotédiRl Whauiifla fR¢adn of ther t he
liquid has dried, the charge remains on the contacted regions. 20Somne
embodOnerapglied valtest ¢o theheorgophlader hhadictatrichpatetia vois-tapsdlte adep speds
conparabl e to mcrofl exoprintin rocesses and can .be used to patder

charge. ort i pNgE s O P B BT P T SRR REATRE. L08R EBE s
surface engnhGiBdetaitRakd Qotbtintandtiedikicttdicdn&iiag THRRAGidIaRe topGUH ace of
enbodi nents according to the present disclosure include the deposition of
char ged phe fiskesticgpatcrigito bg shasped toapprrdnatabthe seasotigh whecaa9tdwdakured in
25pl ace after f: it . { &l G el es).
Adheai on't ot ALt RS, BERESLIbA RN fird SERONGTRHEE o piu o dRRPBATHLS

mat er2ibal . Adkhioweatin @G 034, tinn@eswtisg cleargssdiblcotkie nsateriahhhd aswifse paredtiblorct | onal
conponent be use The liquid need not be highly conductive. As
iIIustraﬂgﬂgﬁéF%ﬁ#Putgwhﬂgﬁivities in the antistat regime are sufficient to
enabl e adequatggGChalgi g @feldchBsthii Attt RD A SR EHE egarg@ R @ecor di ng
to the 30present disclosure also 1 nclude the deposition of charged patterns
of , for ehengtie matormhoAftsothaeging theubdledsc netqrabpyshoainco kdG. 3+, cheghylas et hyl
ket one. The salvyents t hen he evaporated fromth rfface leaving a

char ged 685§t%r}thlgﬁerflﬂge%§%qrp gl&ee(BSIPCt{“ﬁ énaterla?. As sﬁown 1neFﬁJ}! 33, t(fle resuﬁlng

30  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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WO 2009/ 085751PCT/ 1JS2008/ 086982 di el ectric. The charge distribution
inparted to the dielectric surface may be uniformor patterned regardl ess
of the tywe20d9dssyui d used to deposit the charge and regamraiseas/osdosnhet her
the liquid is left in place or evaporated. Exanples, FIGS. 34-50 5The
following non-limting exanples illustrate various enbodi nents of this

di scl osure. _FIGS. 34-37 illustrate electrostatic charge potentials on
a di el ecttlade nesgnsiel of +&&/. nbasharauiniFAG: 3G tthe ronultinguehage disthgtiicanateriplihad

exampl ¢ showsc! haknGRanof faLl &R, CagREgener ated by depositing uncured
acryl ate nonone roma grounded conductive tool onto 10a charge dielectric
mat eri al . FIGTheisrgdastofeenbstatid clage shtaltat bf the dpddcaid malerivkeafeer mapped by
a Trek Model 400 . electrostatjc voltmeter with a Trek Mdel 40Q1P-E

hi gh- spectfHiBH &1 Uécﬁcq%e aftarning togl, Thegpptternipgfoghwas BadaHpmet gap of

about s MR WAt ‘?Igateri:all Fa\gﬁ g%{érigs ﬁja%d ﬁ%ﬂ%ﬁﬁﬁﬁﬁ%?hﬂﬁh art hf‘ﬁegt%o pential on

the dielectric materi a 15char gi ectric material. Charging
was per f cilevtacallgicngplad Gugbomd.bui It 10" scorotron. The screen of the
scorotron was

grounded.t hrough a 2Mohm resi stor. The corona-emttin
Sl octrode (a ol BGoLt R R RRe ey e SIS I BoSn it PRPrUBEL age
using a GhasEMABh thel pr&¥s iIRQFRDLDRIOPLY AT ey RRWBSnoTHRBLY a cditRicAMEhM
resi stor causes the s\goreen of the scorotron to be naintained at a potenti al

whi ch i s @ theauier ohl Gf Stohe TROstpPbingdusiates af thetmattcmangstool wencsherngprasted The
di el gl%triacamatttt ri@l %@1 %a&l%d ttgr.% tgF suref ace of a grounded al um num
pl at €, arf&d*Wa’s Bg e AaeY tHETLE SPOTFEN g‘evi ce. A gap of about | mm was
bet ween the saoe@ésulthgadttiobatieltilrespotemialatifluitalted MIFIS. SAUSRrbMEng OP
surface of the dielectric material to be charged to approximately the

scor ot r orflestiosiatic piranpetantial neludss 8 patterp of plarsedyicstonp And leat-efiaigeddevi ce was
charged tgq . | ade [ f +7 I I ting
char ged ?%1 Ié%tftl%cCh%P e@%%&%@&(f fé(}]/rpfa égéslp%%% %1{31 fgél&?ﬁgz}%rng{e}fh%vg%gbout
900 vol t slectrostatic pbtentiad3 of hisova 1p0®Volef while dicrlostabiged ebiogacpatentababt af t er
removing charge fromthe dielectric materi al fAfter char gi ng the djelectric

mat erlPal GEMSHEAPOPHO P, haxg an elegiroptaticotaiBbeiabopat (v alend Deigfarr.dh t he
di el ect ! 1 EqitR @i bre HieRAW) hdpdieliingol ik a8k RBndRENLEG Potent | al

of the dielectric materia out zero v FIG 36 is a plot of

el ect r ostraduced chaggthapatren thaaweaf 1@ contecthad byithegpattaming ®obatdthe acrgtagr i al . I n
this step, the scorotron charging device was again used, but this tine with
a WO 2009P9¥8¥81PCT/ 1052008/ 086982 bl ade potential of +8kV. As shown in

FIG 36, the syl 38-5‘@ilﬁi§ﬁc£@%le‘é{r6it%dfﬂa%eq_ﬁit&ﬁﬂaﬁ'onl‘@&ie@ct%frﬁa%&?alIaQ_t enti al
on the order of about 1400 volts. FIG is a plot of electrostatic charge

pot e almegfsutie en thists|that tyare congluetei a [Thegeteagpmples show that charge patterns can be

generated by depositing uncured acrylate monomer from a charged patterning tool onto a
relatively uncharged dielectric material. The charged acrylate monomer can then be used
to attract toner particles.
FIGS. 38-40 illustrate a method of generating charge patterns on dielectric material
25 160 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
30  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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stanping with a liquid coated patterning tool. The patterning tool was nade
froma 5conductive material having two ribs spaced approximately 5 mm

apart. Theotowlossms el ectrically coupled to ground. PCTAISROUS 08698t Of
acryl ate nononer was applied to stanping surfaces of the patterning tool
t hrough the process illustrated in FIGS. 29-31. Acryl ate nononer has a

conductivity on the order of 10-1S/m The stanping surfaces of the
pat t er ni rfgonasesr. ReftenigdeoldS8swe¢leetghy aeplehe ctritege sowpeMddeh ves rat eri al
and renov The T ' i C I tential s iJlustrated in
FIG 37. E\Biévl’ ggmﬁ%QléélP%gﬁ%gé‘ggis%%ﬁar%g%6%%3n itg lusﬁé‘r dﬁj)éésssé&j%g{ tern of
c Bar ?eg [mgliizd)r@cl sweh ﬂ%ﬁﬁﬁuigh?ﬂg:?geﬁﬁ)@h%ﬂ%. suffaec Fﬁ[l@tﬂl{ﬂilﬁ@iwh $5t(1 Q?chlan xf from
abou 0 and. from 0 ave an electrostatic potential o
about 14006M9¥F% Komiguickl Yhe | ess-charged regions (e.g., x at about 150 nm
and agout 6 MAGNAYR AdEhaR @SBl &ia@ggﬁﬂ%ﬁtﬁ fa BB opdioK OF R

Therefore, the regions that were conta patterning tool and the

acr yl at e methodref gdnaraging chade patttroh aflgeopetrauon amedsedt agttrmwer teoh 0, bquitlact ed
by the patternjng.tool . th ryl ate noner. FIGS. 38-50 illustrate
of ectr onriats delehdicuR i afo: mston e ireiTBas PR Keb i sl Pty BT ed i n

tests thalei@laflyconsiug icgoud el BYaiml BsurtéP¥n & RbeLpaY 0R. ARkiekfs can be
generated by depositing uncured acryl ate nononer from a charged patterning

t ool ont onateria| 140 iwes Ijountesirar ybbicrgiad 162+ Pattcrpmg ¢odl 450 inpheded astapepingicr yl at e
nononer ca thﬁ%be.used go at .raﬁél %ongr Igﬁrqt ibcl es. FIGS. 38-40 illustrate
a net'Hod *Gf aﬁee léatvfnrgga%%l%g E%Hl ? & RUAPE € Fic material 25160 that is
capabl e of at tStagsihfQurifRRE52 RAK pi@bRBSagalmt pAiREEnE &I $5@tRPPLELqUiINY54 0ol 150
was used. The patterning tool was a gi ece of %ravure roll material with

flat feattQthessunacs plgdiglegirigtpaterial dpRr Battorping tgol 100 wep drearemeyed frgmpor ti on of

the tool j. I l 5. [ e i i da. - I agr am
illust rat(%l%a&ggm}égpl E%(gr %#%%F%@Kti ﬁ%‘ h%%af%egic%fﬂgé%rgarcgtogﬁbe@%ﬁrgér(%g{egg terns.
The operat6oon i nvol ved patterning tool 150 having 30stanping surface 152, a

liquid 154, a dielectric terial sheet 156, and plate 158. .. The
di el detric matdfoygh E%&n@%swsspge%l S‘PIBE)t%FS vbffra%mﬁ@@.d Yithowt 9 154

was pl ac d%z.tged@;crf#e&;b%w bife L{g@/to%é@m 6@ 1ok fuce it dliphegxatRl € |1 quid
154 was acrylate WO 2009/ 085751PCT/ 1JS2008/ 086982 nononer. Patterning tool

150 was allesttic fiddlfiom clougdddaiuidd ‘Bhareforaged $6Lrsowt ragoiredh was a +10kV, 30mA
hi gh vol t age p r s | y. .The, patterni tool 150 was pressed into
i Gui 0 154 sudict AL 1 e sde BBE gisEem it e Pire #4808 BafEer ni ng
t ool 150 M&fod HEsencRIRY @Rarks pMdrAQIUTHE chefhtion ThvelvedditiScific SRR ¢ si de
bl ock diagramilTustrafing a second operation of the nethod of 7gener ating

char g@ pdrvmgmatternpe ligpidriatithmcomyped Ved apdptaer Hiddntadditiongoner [7§uand 154,
dielectri ciatgqgfri al S1690, pad 162, and plate 164. Plate 164 was a netal
S .

pl ate t hdt §° &I%ectY cally coupled to ground. Pad 162 was nounted on a

rubber pad 1621atbi1gb &ek hintetigilae kiak who 6lcv@isallptiiped 6 Rréundb dlonpary L6z
Patterning tool 150 included a stanping 10surface 152 having a coating of

li qui d 15uraasedisopioheltabtie.

Plate 164, pad, 162, and dielectric material 160 were turned upside down and
25  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.
30 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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St anpi ng surface 152 was pressed agai nst patterning tool 150 to apply
liquid 154 to the surface of dielectric material 160. Patterning tool 150
was t hen werrowadsfsiom di el ectric material 160. Sonme of IPCcquisdoozbdeosEnai ned
on the surface of dielectric material 160. 15Although FIG 39 shows the use
of pad 162, sone tests were conducted w thout pad 162. As descri bed bel ow,
the use of pad 162 tends to reduce the sharpness of the electric field from
charged |i qui F1GPh&247 dllustrajssbic wesplty of thise seragalp tests. copftedim doscribedchemat i ¢

si de bl ock..di aqr i t i 1 hjr t] . h
generat i ﬁglttgﬁg}&algdyp}g t[ g?ngsé%r%gd %6%%@%8%&?%1 3{"@&88‘&}12 g{: T |1(': OlCfrrluateg Iésrullt<'§1l 160
20havi ng (ialid frshest dré Juisdattd4dn FIRrdeomhe pasthtd 62theatebndltat arcliBdstrakan iaddi t i on,

toner 170 _and plate 172 were used .. Plate 172 was a netal plate that
was el ectEIF}@aﬁf}?chﬁ}ﬁF@Blt% %F@?%Pﬁf@t%’é]ruﬁiaf@f%@% farided on top of plate

172. 48 is16hothi@sbh AR il Rh@ARI Gy HRNAY | wape turned
upsi dg down an]ﬁngpll%ag%c? %’?% C oggégéor% mhtt%y to&{g%;elréggé&p]}%%gt e6172 and
t oner 17Clevempeo:anitly a6 eohet parficles Hutirgs @fitst &ons flerthofirst @eethelifngonditefectri c

mat eri al . VWhen. di el ectric i al 0 was placed into close
broxt m £y 100" AR HO taHVIGaUPIE PR o GasiBR A8 BYPIDRE CE RN and
charged ldogicd td pattcBfing kR €56 Wak sdTab evial _Tﬂn@ﬂg&i@liﬁ@djﬁeté?fﬁt}.B@)’&zhﬂ.‘%_ 170 to
be attracted to and stick to charged liquid 154. 30F 41 is a portion of

pat t er ni meciglyalerceB0Ac¢ratrumerceylats én Mathyd dithey | thessens, (MEIE t enatadrig abews0.0050
i ncl ydes .f eat hawui a wdth of about 100 microneters. A gap separates
adj aggnt 1?‘2??3@'2‘27. t%{‘)g/ 085751PCT/ 1JS2008/ 086982 FIGS. 42-47

iI'lustrate thewhestheldseledtrié hfa&,ei_am@@gla&&i h@8dss XS tethcasncdatie tdneed Wi t h
reference to FIGS, 38-40 and using the patterning tool shown in FIG 41.

The resulWa agiractedetorthe chargeddiquig patiern. ud thhatogerph ot thegeswpng tpper tracgsist s of
th t ' i |GS.. 43-4 | f the third
e oo e A Gl SRR R P A PR St e L

di el ectri c nmatEGSa#3-df tagy pHoastiraghshe @i ditlaceid mandrial aftagevpregdeeptaged o t oner
particles during a first test. In the first test, the arrangenent of FIGS.

38- 40 wad Q<P CiPERY Y ¢ thedapaPapicdes fbing #iiecade tebwdl the serongd test-dbe ri cal Iy

coupl ed t0-RalH &l RFPEGS ORLA0LRYs WY, SREptitPat tElr RIJP%i' Yhét dé?@getév%elg- , FIG
38) was 25% Wei ght percent Accentrum acrylate in Methyl Ethyl Ketone (MEK)

coat ed t diebgut nQtddb 14Qamtplets 160. TAZ DGpowdrisorply electricalheourtlérbtodi el ectri c
mat eri al s placed in close proxipty to the _toner, the tqner was

RLLr act e A LIGHE S Bt i pal i Hah St OB BBt RSTLEd t i ng
toner tragRgath $n SR VBoat&Nto@.00RIMShe3{kPehit 01127 @R PRRKVAIGESEHatduLaRt Ure the
phot %gr aph.” FI GS. 43-45 are photographs of the dielectric material after

havi b edetqeiranhe of tvey aifiorant segeonsrodKiakdotye meterinlel (lonelndipgenct traecsdur i ng a
oxcopt ¢ Rap PemuemEpgaRRaSnEE ot B BRP R bR ah Mo i R 150 ane
pl ate 164.60The DC power supply electrically coupled to
FIGS. 46-47 are photographs of the dielectric material after having been placed
into close proximity to the toner particles during a third test. In the third test, the
25  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.

30 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

41



patterning tool 150 was set to +I kV. The liquid was a 5% wei ght percent
Accentrum acrylate in MEK coated to 0.005 inches (about 0.127 nm thick.
FI GS. 43 woadoenosarse 20phot ographs of two different regi ens/uskoodiosdosztri c
material 160 including toner traces. FIG 45 is a higher magnification
imge of a single toner trace on the dielectric material 160. Fl GS.
46- 47 are photographs of the dielectric material after having been pl aced

i nto cl oseaspiesigned toymedsl thesystsmethoparin FEp A0 withouidongr d R preyl wetb dielqcirie he
third te . . . 38- d. The DC power supply
eIectricgfygﬁgggéﬁgg%?g9%%??%@%%%gkﬁggpg%gggaﬁgé§§§Fto +I kV. The liquid
was a 5% wei gRIGSed&entquiiiteswily Ulnsaste Yhadféect of pddéhickadse dn tiite e fickshes
(about 0.127 mm) thick. FIGS. 46 is a photograph of the toner traces on the
di el ect ri18 hac¥nRlp, t@%é&l%& ptetipl \ga&r@@fntecgﬁoa congugtyeplaa dnl £ 1oy vi ew of a
single t i J i 0 J d t he

ef f ec'Eg 01&% I %‘ftfggfp ﬁtg%ng%lggﬁﬁl&t ﬁﬁ? Eegggghél rlll g'e pgf%t%re ?1 éﬁ? ?%fééiédgﬁtﬂri]dgé gng from
char ged |wapuipglidBb delearidinettect 182 Astemdalond@8ive phte E3¢pens spp¢dafrormet up WO

2009/ 085751PCT/ 1JS2008/.086982 wa i to nodel .t he t ho in
EVe 20 uht RElEregnae A 760 S gD e e epdit s gie HR BasTe
combi ned gl fally SoBEbE (HiBLAEt ThSclbaNE Foldih @ syl Bl bkakic¥elitisl

illustrate the effect of pad thickness on the electric fields. In this
exanpl e, t8Randitld sseond conduetercirddte W8S was msesded & hovond itGH vB8-P).atlee 180. The

5conducti ve . pl ate electrical.l y coupled to.ground arged. and. patterned
Tl 1B SPAE H By BRI BB e RS S IR ARG e
plate 188nél’ﬂ@15a1§9ﬁ§3.€5®) taarvitthetiiel eetdirk makaili@IG a3y, The spaiderthad | i quid.
The second conductive plate 188 was also electrically coupled to ground.
The el ectshp@er inggegs Wil taselt sphidhingen dielesirigintesiddsi ¢ material 182 and the
second conductg: i The 10
results shom,6%%@35#25§F§§§%%@ﬁ?ggﬁﬁ%ﬁgg?ﬁ%ﬁggg%gﬁﬁﬁﬁgﬁgﬁ?%§E%2%“&;th a

t hi nner dieh ecliinidicleoatiepadlithdlt@n abBfaperit habbenpidi(eaz. t Fi2akewndn E1E@E.13% and

mat er i _al I 48) . . Thi s suggests that, sharper images will result with

t hi nier d&gﬁg%PPﬂbﬂﬁ%W@FFﬁﬁ@xﬂimﬁy“”wd-Sinilarly, these tests indicate that
shar per and nofis fpBeUSRMilaRgEmdbnpl &3 bl oMb dhsbred i ¢ pad

wi t hout an adj acent rubber pad (e.g., 162 g%own in FIGS. 39 and 1540),

al t hough debirpptivasf et mapdadtireeatl luye ofgstredilar embodiridngs. aBearaesespani fi cat i on
and exanpl es are believed to. provide.a conplete .descripti f the

manuf act BRSBTS S B e S nanbe sEE R abrale diebirent s can
be made whé hesltcopeRAd Spiflbof the Mstigurd Rédidd indRdboe@RRafhg bhthecdilgmsosure, the
true scope and spirit of the disclosure reside in the %road meani ng of the
cl ai @0 20wesiedfivapprandeppended. WHAT IS CLAIMED IS: 1. A nethod for
neutralizing an elongate web of dielectric material, the nethod conprising:
el ectrically 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; imrersing a
portion of the continuous web in the at | east weakly conductive liquid to
conpl etely cover the portion of the elongate web to neutralize charge on
the el ongate web; renoving the portion of the continuous web fromthe
l'iquid; and

42



cat least partially drying the at | east weakly conductive liquid from
"the continuous web after imersing. 2. The nethod of claiml,
wherein the elongate web has a length of at least 3 neters. 3. The
nmet hod of claim 1, wherein the elongate web is noving while applying
the at | east weakly conductive liquid to the elongate web. 4. The
met hod of claim11, wherein the at |east weakly conductive liquid is
appl i ed havyi | east one of: a potential in a range from about

ng _at
negative Yﬂ?ﬁgésg%¥¥§ﬁ¥bﬁ%bout positive 10,000 volts and a voltage

substantially equal to the ground potential. 5. The method of claim
1, wherein the at | east weakly conductive liquid is one of methanol,
et hanol , het hyh methgd fwenomalizing cpr dpegatd web odtdielegtrio maeriadcthg| metbod
6. The net&gqﬁgf,clain11, wherein the | east weakly conductive liquid
has a dief®ctri ¢ constant in a range from about 10 to about 40. 7.
The net hod of elkaiitally, coublédeedinatidaet WeRB condadtivy ligeiddel & igtomad pbuiial; ha
an electrostatic relaxation.tinme that is |l ess than a process ting,

wherein the el BRiENES: AECHEF ARAPRAPaYINGe? | hatee g2ot4nih U g tno8,eTicly

seconds. 8. The nmethadhqflych@il B the WAk pbnfifle | east weakly
conductive liquid is dried symetrically. 9. The nethod of claim1,

wher ei n the | eanergimalkd portiomddidhe wentiriugus oveb sinrtheray éadstf weakly lsenductive

elongate web after liqw{osj:cpngpletely 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 at least weakly conductive liquid from the continuous

web after immersing.
2. The method of claim 1, wherein the elongate web has a length of at least 3 meters.

3. The method of claim 1, wherein the elongate web is moving while applying the at

least weakly conductive liquid to the elongate web.
4. The method of claim 1, wherein the at least weakly conductive liquid is applied having
at least one of: a potential in a range from about negative 10,000 volts to about positive

10,000 volts and a voltage substantially equal to the ground potential.

5. The method of claim 1, wherein the at least weakly conductive liguid is one of

methanol, ethanol, methyl ethyl ketone, isopropanol, acetone, or an acrylate.

6. The method of claim 1, wherein the least weakly conductive liquid has a dielectric

constant in a range from about 10 to about 40.
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7. The method of claim 1, wherein the least weakly conductive liquid has an
electrostatic relaxation time that is less than a process time, wherein the electrostatic

relaxation time is less than about 3x107 seconds.

8. The method of claim 1, wherein the least weakly conductive liquid is dried
symmetrically.
9. The method of claim 1, wherein the least weakly conductive liquid is removed

from the elongate web after immersing.
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