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to the coating applicator during the actual coating process having a
fairly common to have relatively high polarization and surface charge levels, of varying
intensity and polarity, occupying web areas closely adjacent one another. The use of such
coating materials as a component of a photographic positive or negative, for example,
often requires the use of relatively thick coatings to provide at least a minimum thickness

25 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 coating
materials in order to produce an effective coating thickness. Visual effects such as mottle

are also a consequence of coating non-uniformly charged webs. Past practices included

either tolerating this non-uniform charge distribution and its disadvantages or attempting
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25 Air lonizers, which provide a source of ionized air. Air naturally contains ions.
However, these ions are not sufficiently abundant in most cases to neutralize static charges
rapidly enough to protect static sensitive devices. Further, air ions are removed by HEPA
and ULPA filters in clean rooms.

Electrical Static Eliminators, which consist of one or more electrodes and a high

30 voltage power supply. lon generation from electrical static eliminators occurs in the air

space surrounding the high voltage electrodes. There are various commercial sources for
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resulting net neutralized item can then be processed without many of the typical charge-
associated disadvantages discussed above in the Background.
In accordance with this disclosure, the present apparatus splits the field arising

25 from a charged item. One portion of the field is directed to a first grounded element
proximate to, and optionally contacting, a first side of the item. Another portion of the
field is directed to a second grounded element proximate to a second side of the item. The
apparatus includes an ion source that provides ions to the region between the second side
and second grounded element. In some embodiments, the second ground element is

30 foraminous, apertured, or otherwise sufficiently porous to allow passage of ions

therethrough. Typically the second grounded element is no greater than ten times the
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charge on one si
positioned between the ion source and the second side surface. In some embodiments, the

grounded element is positionable to contact the first side surface, and can be, for example,
a web handling roll. The second ground element, on the second side surface, can be a

25 foraminous element, such as a screen. The ion source can be a conductive element
connected to a power source such as a DC, AC or high voltage power source. The
conductive element could be a wire or other element with a small radius or a toothed
blade. Other ion sources include an ion gun, an ion blower, alpha radiation source, or an
X-ray source.

30 In another particular aspect, this disclosure provides a method for neutralizing a
surface, by providing a grounded element at least in close proximity to a first side surface,

and providing an ion source and a second grounded element in close proximity to a second
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can b¢ a foraminous element, such as a screen. The ion source can be a conductive
element such as a wire or other small radiused element or a toothed blade connected to a
20 power source such as DC, AC or high voltage, or the ion source can be an ion gun, an ion
blower, alpha radiation source, or an X-ray source.
Although many systems are known for neutralizing the net charge on a web, the
present disclosure provides various apparatus and methods for modifying or neutralizing

the total charge on a web, and on both sides of the web.

25
Brief Description of the Drawings
FIG. 1A is a schematic illustration of a web with a grounded conductive backing
on a first side and a surface charge on the opposite side.
30 FIG. 2 is a schematic illustration of a web with no conductive component and a

surface charge on one side.



FIG 14 is an enlarged view of a third enbodi mrent of a bipolar neutralizer
in accordance with this disclosure. FIG 15 is a graphical
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FIG. 12 is an enlarged view of a second embodiment of a bipolar neutralizer in
accordance with this disclosure.
FIG. 13 is a graphical representation of the ability of the methods and apparatus of
30 this disclosure to neutralize bipolar charge on a dielectric web; the data was collected on

the line illustrated in FIG. 9 using the bipolar neutralizer illustrated in FIG. 12.
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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 charge on a web. A |ow



30 single-side charge neasurenment does not inply that the charge
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drying methods), materials (i.e., coating solution, film thickness) and the particular defect
in question. For example, commercial neutralizers are sufficient for eliminating arcing
defects, but not for eliminating some coating and drying defects. The methodology of this
30 invention 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

net neutralization of the charge on the item, downstream equipment that includes tight



The net hod and apparatus described in this disclosure provide for the
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is everywhere low, but rather that some average of the charge distribution over the spot

size area is low. The sinusoidal charge distribution described above would manifest itself

as having a low net or polar charge if the period of the distribution was much shorter than

the spot size diameter.

20 "Single-side charge" is the apparent charge per unit area inferred from using a
fieldmeter or voltmeter to measure the field above or the potential of one surface of the
web while the other surface of the web is contacting a grounded conductor. The gap
between the fieldmeter or voltmeter and the web surface is usually 0.5-5.0 millimeters.
The static measurement thus obtained is a function of the charge distribution over the spot

25 size of the measuring probe, which is typically an area with diameter on the order of
millimeters. 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 charge on a web. A low

30 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



FIG | and the associ ated di scussi on above is just one very sinple exanple
of a bipolar charge distribution that cannot be readily neutralized using
comrer ci aWvoi200wmeses. 5S5Additional ly, there arc many ot hePCirarse®sobsed4 pol ar
charge distributions that cannot be readily neutralized using commerci al
ioni zers. The nethods described in this disclosure can be used to
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opposite second side 14 with a thickness h therebetween. For an exenplary
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be used to substantially net neutralize this web. Note that, for the sane

surface ohrpepanddehacgerdisitibutio efntpiCal on(the bppagey sefacg. Of horctxdhargech t hi ck
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substanti al charge distributions. . Referring nowto FIG 3, an exanple
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between is WD, 2009/ 002665PCT/ US2008/ 065624 i |l l.ustrated. Seco side 18 is
di st ance 3aigban Koy 6&%&%%%%9 tﬁe.smgf?- idg chargs ‘t‘fo‘ﬁa@Fae‘ieﬁpeghe air gap

beneath web 15 {{et@nothBELWRRIL & AGipdifr ANfaPdidtiBudh, chisi®ruaietb¥ith £ - 9 and
the electric force per unit area b gs

20 random charge distribution R(x) on one side and —R(x) on the other side. The first and
second moments of R(x) converge to +qs and A, respectively, when integrated over a spot
size X;. If the net charge measurement in the free span is performed using a spot size with
diameter greater than X, the web will appear to have no substantial net charge. A single-
side charge measurement scan performed using a spot size with diameter larger than X,

25 would yield a constant single side charge, +qs or —qs, depending on which surface was
placed against the grounded object. If a single-side measurement scan were performed
using a spot size diameter much smaller than X,,, the random nature of the single-side
charge would be revealed.

An initially charged dielectric web is considered “dual-side neutralized” if both the

30 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 inferred

through non-invasive electrostatic measurements, and do not imply nor require knowledge

10



so is given by: 2 gA (3) (4) b+ as on web 15\ 2 + as, 23, Equat i on
4 indicates that web 15 will be attracted to ground plate 20, and this

"el ectri cwprewawe@s Wi ll increase as the gap decreases. PA3/USh@SHeis2a
beconmes | arge conpared to web 10t hi ckness b, the force of attraction wll
approach zero. As the gap a becones snmall conpared to web thickness b, the
force per unit area wil| approach that of a web w thout a conductive

backi ng, 'thqpptiefy lpeationepemagyyiudenobhevetuplrhargs distdbyfioas odheehargss, 1 23,

and 2, thjs. - t I - - WAt 1 ng
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5 side charge or bipolar charge, at finer length scales, depending on the sensitivity desired.
The method and apparatus described in this disclosure provide for the reduction of
both polar and bipolar charge on webs at least on the length scales discussed above, but
including smaller length scales that may not be readily detectable using standard
electrostatic measurement equipment. The term "neutralization" does not imply that all
10 charge has been completely eliminated, as there may be, for example, residual charge that
generates external fields too weak to cause defects, or that, for example, a double layer has
been formed that essentially weakens the external field to a level that brings defects into
an acceptable range, or that, for example, the length scale of the remaining bipolar charge
distribution is small enough so that defects associated with the original bipolar charge
15 distribution have been reduced or eliminated.
FIG. 1 illustrates an isolated web with one grounded side and a uniform surface charge,

q, , on the other side. Web 5 of FIG. 1 a first side 6 and an opposite second side 8 with a

thickness b therebetween. Side 6 is grounded, such as by any suitable element that can be
positioned in sufficiently close proximity to or in contact with side 6. In many processes,
20 side 6 is grounded via contact equipment of a web handling process, such as a roll, that is

grounded. The potential at side 8 of web 5 is given by:

=L (n

&g,
where ¢, and ¢ are the electric permittivity of free space and relative permittivity

of the web, respectively. For isolated web 5, the electric field outside web 5 is zero, while

25 the electric field inside the web is given by:
E =—L )
&g,

As an example, for a case with surface charge ¢, =107 C/m?, £=5 and
b = 0.002 inch, the potential at side § in free spanis ¢ =11.5 V, and the field within web

5is E, =226kV/m. The voltage of web 5 as measured with a fieldmeter at a 1 inch gap
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nomnally "neutral” web (as nmeasured with a fieldneter at a 1 inch gap) can
have substantial charge. In sone situations, the fields due to this charge
can gi ve wWpzeoxmpesso probl ens in coating, drying, web haawluspepsmants24

cl eanliness. For exanple, these electric 20forces can | ead to undesirable
directionality of web 15 in ovens where the web nust float over grounded

objects. It is also well known that fluid interfaces can be substantially
di st ur beds bl-5t\heSiae¢ therfickt owpide the igolpted web is zZaag cyHeyheigi $iflekhnces can | ead

to produ 3 I: i: 2l i cul jpterest is the field
outside t egg%/fé[ﬁﬁé ée?dé%sqﬁ%ﬁ(fﬁaeﬁg{ggy%@fe 3%18%??355 %@ﬁﬁggl}ldég%r ounded el enent
20), as gi ven K. Eguathcans@iatahdis@lseibh @boasis fust amctdrpningfle ttengapfan Fl G

4. The sane paraneters, as used in respect to FIG, 3 above were used in
plotti nga'atmlagr hareprlistHpgtan %H%Oté’gﬁg%dhlé’rné%@ézegémpﬁéo’é‘&k?“‘d%lde%}%%fé; and a

subsg ant i glqifibl1 ,ﬁé}esatréni'aﬁy biRr B3R 0B ¥HBLALh P isR R8s th¥lcahhdBs t he web
t hi ckness b. Having established a W) 2009/ 002665PCT/ US2008/ 065624

si gni f i cantdilyireuttaloasdsisuig cotvenanabl iohgas. dha nmohedseesanibed dutheddisalosore he gap
and used to.neutralize the web,. : nsi der for, ex I an i sol ated web
M Eh a grol s BTy B ENe e amat RS o Mo Bt PR

di st ri butdc@ftalidel lisMBRBMARTElaPEIDréIBusYRkMEyYionBREsX) = 0, -sh sin on the other
side. For web thickness on the order of X, or larger, the field below the

i sol ated web dbelstedfwcbriaghionnyn HiGal bissiodivie lines extemdrtaeicbdfberausaofweb
L0 B nos gt SRSIRASEURT, Wotonl ol Bl frfitnluch s hbe: SR SLER O

nor e r api or T1solated we W ckness a coup orders of
magni t udehs Batdgesurldhesty &€ thet fived Einehaing Frofbieymibatihg metchatdcddiwebttbguikeb and
the field external tg the web is very weak. Now consi der the situation
where a dgR&mdegnagirbietiony einsedheac issiqficld sytemagiiosiselpied wekaysherarin Fie-

di el ectric .si : : : QR | f the
distri butll’(%?lll,ngl{%ﬁéeﬁlfllz)@?l \Qi%%u%r %ragglbg%%eg{é?éyﬁ%ceéconesee% E%Rﬁcgl%q?}%%mg%fe i%el din
a gap w tsabgantsd aidrge biange Sedloadeven wihe alsocald gtdval diemaft it breuglitarcaethe

di stributj.on. The normal cqnponent .of. the field at the bottomplate is
showh in @e&mg,suﬁfwogﬂ&%aﬁséheoﬁﬁe%ﬂ@&sldﬁaa to gaharess ﬁ%@ﬁ?&“@aﬁ Car ger t han
the web tHiEHREPRkiRDEIONR BESLondBRINIHUdSn Rl | er than the period of the
charge distribution.” Even at this l"arge gap to web thickness ratio, the

field in the dapnpae the abhee kivatrom atyd’ | GFL Gvhieh shetstes havebrvethzd groundedt he

I s t lectric.field at the .20 ded. el .
o R RGeS SR LIl B B HEPLATET B v
for gaps ymERpLHREy 2Pordf d&%m@fa&@%@h&%&%@g' érlget(ﬁlh%ﬁ%%}g%}ﬁtﬁig SFﬁieCk”ess- The

nms values in Fl 6 can be converte eak val ues ying by 11.

As p@ thej&aserigl ceRRidE Mol (36 §0 ¢ TeV/nt BRPIVEIENHE tRY vdIfage 8f REpded
el enent generates a significant field in the gap, and now i ons can be

i nt r oduceld dsmpegseied gt fiddmeigt pigd | mehigap s 5. pbVartoe Hay gjnanealitee ficldut i on.

Simlar to,the case.of a .constant surface charge di,sgussed in,re ct to

A T Pl FR I isenR SRS bR AT RoGRERES ENRBE IR ol M ERRRE LD,

| ead to updesitratibé diehfgcts in coating, web handling, drying and

cl eanl i ness. For exanPI Sﬁ FIG 7 shows the nornmal force per unit arca
Jidhe

(normal conpon¥fe tht, pane pugacstchares. thensipiaye peisniialdvelpachef adb0@2or a

25 inch 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 web without a conductive side (e.g., as
in FIG. 2). 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

30 charge on the web is split between the two grounded elements. In FIG. 3, web 15 having a

grounded first side 16, an opposite second side 18 and a distance b there between is
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30gap one order of magnitude smaller than the web thickness and four orders
magni tude smaller than the period of the charge distribution. FIG 8 shows
t he magniwoaeosso2geie WO 2009/ 002665PCT/ US2008/ 065624 aPETA3e008053624
conmponent of the electric stress on the web as a function of gap for the
web thickness three orders of magnitude smaller than the period of the
charge distribution. In order to keep the cal cul ations sinple, the

t heor et i dHust@J@aimﬁeé@ndﬁléf‘cl&sséidst%\ﬂeabarf%agtﬂunde%l@nww A hgredestireticlBacki ng
on one Ssi C e t side. In
practi ce, H?ﬁ?ﬂﬂg%ﬁ?%&&@%&?d& Egé?%kﬁéékggggggdﬁﬁkaﬂﬁ %k??%% t he surface
of, or internal to, a dielectric/ matenyg In general, the
neutral i zation method of tht S_d:g gré i nvol ves bringing a conlcti ve
grounded el enent in close proxi a first dielectric surface (e.g., a
first surface of a web) and then |ntrodu0|ng ions into the gap between the
el enrent and the 10surface. Also included is a nethod of bringing a first
conduct i wadghoelodad f@tepaniniti ancacoroweb pf oxdgingrtlyy:t o a first dielectric
surface (e.g., a first surface of a meb) and bringing a second conductive
grounded object in close pHDXI ty tQ @.second dielectric surfac&l(e g., an
opposite second surface of “a web),gnd phen introducing ions into dne or
bot h gaps. The degree to which neutralliatlon of the bipolar charge can be
achi eved depends on the 15proxinity of the grounded conductive el enent(s)

and on the anount and type of ions that arc introduced into the g

" p
Ref er r i ndEqugtiem ¢sindicates thatrvegb by wilk beafiradsdipraundsplaieROneid i |e£f:ctrlc
illustrat b i.ag
 ncor por iy oar dxefesd S MR e il A8 Melopd St BnEelyr AR IR g web
di std osurtblclﬂmss bpﬂnretfmcu bﬁattmah)nhamlouﬁpftgcapmr atsube pip &b&konksisnalludes 20t wo
neutralization syst 9 illustrates a b handling .process 40
that has @MREILB ggﬁl&&ﬂ%é %@r@pir}mﬁ aep Wil lr%npngﬁt@é Oﬁwe&r‘fﬂ%&u&%cond
side 42b) and at |east one neutralization systemaccording to this
di scl osur@ndidiiecbetkih@l--ows Far fatfardnacs welknsboven Hd disouskion ofeuGs al i zat i on
systen(s) and to the endéthat has various roIIers ni ps, tensioners, and
ot her 25wel | known web handl i ng aﬁyl pnent. In some enbodi nent s web 42 may

progr ess 3§ Zathiyyeh Aah%%v%lﬁg@ﬁf af- Wcﬁmv;eéfe%ﬂtedgfl@mg(f@rceo atgraghi) and a
d 2a | th of
e 42 il oqBnIRRe 8 Y] seferyed to o AU i€ ks SBY RSPl DROR el enoth ©
Al t &F nat elojtagewebdinguf eeb43 valuhaedse haaareanhlsmnﬁacemhmge,slmt tﬁdﬁordemgj web 42

i nmedi at el rior..to web hapdli ocess 40. In odi ments and 30 as
e ki i R g ol PG PRI BT P U e Ta) - ag

veb 42 i s,g4nhaly %‘éu{rM@WeWQs BOMNRA mhah@me%rqﬁm%gaﬁ Baiack up char ge;
such phenonenon is well known. t hi s enbodi men web 42 from web
sour ce 4Xubsfarfted cladrg@u@woalewuawso&le tﬁ@hig |d©ﬂ@rth4t&ﬁhlasge45n gp@rﬂﬂe@am &rly rolls
45a, 45D, kno han ustry. At
cach  ondronems it fainh Urfyhe S Bidkiof B Bl A S AP a1 S

rel ease ffomry eﬁﬁﬂéa@fo aﬂa@mmhé Sirecliyfd1BAbE Web 1 heh §Tcle wikraab wB niiaflogont act s
the roll 5 picks up ¢ %f Process 40 { i ncl ude ot her web processing
equi prrentovgngwua@edonhlw pealsnvell kpasyn thef fluid interfagescambe gHaptialyy | s t hat
are conve n I wel |
ot (ﬁ%ﬂ#ﬂ]%?&ib% tﬂééﬁaluchgig r%%‘(gct‘(é:%?eghgt Ad Tﬂ%ﬁee(ﬂ%{hl%gﬁ&g caI} feah Yo &%ﬁﬁ&ad Ee\ét

etc.) W tih cosbd Adtediatsi ng processi ng, |n order to inhibit contlnued

accurul ati on of charge.. In this illustrated process, process 40 includes a

corona treat erOlpartigdanjpteresps the ﬁeld outside the web (e.g., in the gap between side 18
25 and grounded element 20), as given by Equation 3, and plotted as a function of the gap in
FIG. 4. The same parameters as used in respect to FIG. 3 above were used in plotting

FIG. 4. The field in the gap increases as the gap deceases, and a substantial field exists in

the gap, even at gaps one or two times the web thickness . Having established a
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10f urt her di scussed below. In accordance with the invention of this

di scl osure, web handling process 40 includes at |east one neutralization
syst em orwoeonwwm@bisser, whi ch nodi fies the accumul at ed clraTgsgoosmcsed 42 and
preferably neutralizes the web. In many and in preferred enbodi nents, both
sides 42a and 42b are dual -side neutral after the neutralizer(s). |SProcess
40 includes at |east one neutralizer 50, and in this enbodi ment includes

t hr ee neuignafigangfigldmytsideshp webgiens can now by ifrodeerdrinioithegarsmd used tles a

gr ounded (P t least close proximty to one side (e.g., side 42b
for neutfgpﬁgggtg%§§gbf web 42 and an ion source in close proximty to the
ot her side (e.@onsidst fte c42aplepin Belatedaldbzeith 5@ajundéd bekingzn dne sideiand a

enbodi nent, 20neutralizer 50a. includes a grounded roJl 55a (which also is a

t ensi onerSisPIdpl iRgfanrhargsdisthpiion with meap geognd yms yalye dal i zers 50b, 50c

i nclude a grounded roll 55b, 55c and inon source 57b, 57c. | on
sourge 57 can be any suitap@g:ahgﬁgn{?%@é erally a conductive el gyent, that
provi des ions, either anions or cationd, to web 42. Exanples of suitable

i on sources 25include a single or multiple wires, a blade, and ot her snal
radi us el ement connected to a power source (e.g., a DC source or an AC

source) tg e gl L e, Aest sl LS Nl eXamRlos: Bl ASPpagurfies | nel ude
I on guns, 10N owers, al pha radlatl on, an -rays. 0Sit1 oned

bet ween iigdlats®wich&lid bftuagideht Adsthccton, thwehlcs bfl&;. 42aych thickng&ciond grounded
el enment 56. In this enbodinment, neutralizer 50a includes a grounded el enent

3056a; siderreasadybelayedt thy fidd extenmhto thoavep sigspfemgregandby rdintaed wsbh, 56c.
G oynded & Of i ' ;ce Byt b
oypae M%Tﬁﬁékng?s &9&&&%@%&? 8;%13%@ e'esﬁreAﬁeJ &&g%;, %@yﬁ%& ECHamly 1O We

side 42a by providing a shi ment e conti1’nuous and
sol i d, orconfiyedoeithinfthe anb andithe feldextern¥i@o ZBOLLD BAGGHWEIN. US20 @81 Qi GR:A

havi ng pores.or ertures therethrough.. anpl es of foram nous,e] enents
ncl ude’ SEFRETSYEES b eirinded oA Riag s g@f&%g@ﬁagﬁwa romahetin FIrict ens
that are Qorgyge REL PS4 BpRhal RRGRS]! e p&iddE thd 4idsblasE therbed ment

al so includes conventional web 5Sneutralization systens, such as nuclear
bars 60a,gaf0bgallgbecameh sbhilarthelseficddmy egep withlcomsatt chirge aguab o tydowirs

facilitate, the neytrali.zation web 42 b rovidin 4 t |eagst

subbt ant ;i diERb G SR et sk e SR By et R
however, @ab@nMOFIGH, €orttRe Pise\of 8 Gaf twibldtder sfendp@ithddlarse thafiZhe VOB ONA treater
44 (e.g., an AC corona treater) 1s optional, and used in sone but not 10al

of the exbisjnessyantdangjosdep magaitedecsnislienthan the posiodel fhoaheras disiribwionart of web
handl i ng Even at this large gap to web thickness ratio, the field in the gap is in the kV/m range.

FIG. 6 shows the rms value of the normal component of the electric field at the
20 grounded element as a function of gap distance. From FIG. 6, quite large fields can be

achieved for gaps more than an order of magnitude larger than the web thickness. The rms

values in FIG. 6 can be converted to peak values by multiplying by V2. Asin the case of
constant surface charge, the presence of the grounded element generates a significant field
in the gap, and now ions can be introduced into the gap to neutralize this bipolar charge

25 distribution.

Similar to the case of a constant surface charge discussed in respect to FIG. 1,
these sinusoidal charge distributions, such as of FIG. 5, can also lead to undesirable effects
in coating, web handling, drying and cleanliness. For example, FIG. 7 shows the normal
force per unit area (normal component of the electric stress tensor) profile on the web for a

30 gap one order of magnitude smaller than the web thickness and four orders magnitude

smaller than the period of the charge distribution. FIG. 8 shows the magnitude of the
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that contact itens such as corona treaters, nip rolls, pack rolls, tacky
rolls, lamnators, and ot her equi pnent that contacts the item provide

bi pol ar ovogp@tiogessharge to the item The present net ho#Can$2@gpesoas us net
neutralize the itens (e.g., web) downstream of the charge-creating

equi pnment. 1SIn the illustrated process 40, after corona treater 44, the
web is net neutralized using two conventional nuclear bars 60a, 60b. The
bi pol ar, ayeragp agimeal sparpongys of th|cicskitg Bigsoeit the svabris arangtion|ddwpméprdheps:

1. Wile siide: is ] it : d
roller 45@%bdt§}c§§&2%e%§gi®g%0fiﬁa%ng{ u?ﬁ%ﬁ@lﬁe}r 6%%“&?6 ?%?Odﬁfﬁg{)g[g%?%% lﬁr%gﬁ ralized
20usi ng a manilhesdato beepahe tdleulatimsimpln, the tHebisicali sxampbudiscuded bovedi at el y
after web 4

| eaves. the first. bipolar neutralizer_50a, th b.is net
neutral i zaé?igqrrad’r‘ﬁ Wigh 5&{%&?4 B q%()ﬂ@sﬁl%ean@zﬂbwaf@%gwﬁ%&ﬁ@gﬁu%% 016%@. 3.
Steps | afghrRidr gn P&e&@é, b @0/af &%Pgeacﬁst%ﬁt“r‘&l%%a}& @é}ﬂg&ﬁt B@fﬂefgm& &an

opposite sides o he web 1f desired. For exanple, 1f renoval of top-side
25bi pol aroraftamgktol 8 dobsineatcoal. y two bi pol ar neutralizers 50a, 50c are

applied to the top side 42a of .the . After the neutralization stations
505, | S0b, 500 Rt re i RaLgaRy TRt Shsle e e e Eedn “ae. by
using a MRa@fivé brdnlib@bidaRheh cfifte prdxtimay 10a Kt amldchausifacd(c.Pr PRRtat a gap
of 1 cm Wiile the web is wwapggp around a grounded roller 45, the top-

7

30si de pouraed efia weln apd thasasip@wingsigahingsthygap ditwgen therdemagend dict net er

(2000V ran Lth.a, high-speed .pr ; a of ab 2 ., . WO
0088 002 aneter S sBusE s S REaRaR BRRaRR o tolBRA AR FelRl ihey when
coat ed, hisscipigiowedo & fiagt aed] edttis burfe (hana fird eirfiRtiofAeb) ahd Betoingh. For

exanpl e, less or no coating defects (e.g., dr¥ing patterns, streaking,
etc.) ar eceautondydivegeoudid objgeeidn gloge RIGXERITHIO ¢ FRsoBictectin suEfacs Br%nded

path (i.e., ' ' [ i whi ch. ' I

Daner | ci o GO O AL, Bt e L R bl iRk S oRPS LR e ot e
a gap dryepreerno gajchdrauanlizaasn af therbypdlawhatgeanabe ecloevddalepeais@a thor web pat h
devjation therein. Gap dryers (or p driers) are descrihed, for exanple,
in s PEpBRIDIghe @},33%%,%9&}%@%@%@ angjonthe gmgepd a anuéu%wﬁatet al.)
and 6, 553, 68%olid@dNn@tth@bap.. all of which are incorporated herein by
reference. 10Exanpl es The followi ng non-limting exanples illustrate

vari ous enbodiRdarmgded FiGi% adirstqiragigrlesxample is sthsinmgictlheillsstratep OHG. PlIG. 9,

various runs were,conducted to determ ne sui.tabl e proces onfigurations to
i bi ¢ (GURREY a8 AspC YL BB O Ling St AT S B A IHY D to a
si de wal lacebrdindeo @iy BiscloSiue. TRistpaftidul 2 etbiranamek Appamnsi oTFHIE: Sidaudehar ge on
the web. It is well known that a coating (e.g., adhesive coating) when wet,

i s 3 ounde@ ngndalivation systees t he si de having the coating thereon, thus
| eavi ng the other oSi r 1 e f i rabl e
di recti onal i tyﬁg’f oM TR RS, a&%&,ﬁ%ﬁ@%é%“‘?&% LB ERLEa) HSE

er coa was el m nat ed
and the quadihg ¥ fiedt stdeei2e @ad b Beeond s@ie M2t pind A1ddgbsRtherhlizatibe sydappl i cati on

of these atéicgr(c)ﬁn?grto rt]hellsJ Eiirs?lloisuzrgt iTﬁfr:] w%g\%(i)l(l:oe;s' a path from web source 41 to the
neutralization system(s) and to the end that has various rollers, nips, tensioners, and other
25 well known web handling equipment. In some embodiments, web 42 may progress to a
coating operation which includes a coater (e.g., a die) and a dryer (e.g., a gap dryer).

Web source 41 may be an elongate length of web 42 wound as a roll, which could
have a core or be coreless. Alternately, web source 41 could be an extrusion process,
forming web 42 immediately prior to web handling process 40. In most embodiments and

30 as illustrated in FIG. 9, however, web source 41 is a roll of web material. As web 42 is

unrolled from web source 41, both sides 42a, 42b pick up charge; such phenomenon is

well known.
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Exanmple 1 This test was done using a 0.004 inch thick web with an
enbedded conductive | ayer. The corona treater (i.e., corona treater 44 of
FIG 9) wae 2nevooessed. Li ne speed was 2550 ft/min. Two biPpoluseoosdcioeal i zer s
were used, positioned where neutralizers 50a, 50c in FIG 9 are positioned,

the particular neutralizers used in this trial are illustrated in FIG 10
as neutralizer 150. ) Each %gfolar neutralizer 150 included a grounded
screen 156 podpithisg@iodisisnd wyabetlergm gvahaguics dh ig fedghroughyp sarsyofahove t he

top si deggn%%n%f ré’iﬁ%ﬁggsrﬁ’glg%ﬁ% Hifs 4‘6"3,b4}5%04¥‘@%tc‘."”v9189r?9re%1flhn%%@gﬁgfgegw&?' ler.

Screen 1 was a thi stal hl'ess Ste€l netal w slits
runni ng atandippy xdusmt eltyeadlh taeignaasl 46, whie 42l pivks ue bhadpe, elat tothe cduactd. 003

inch wires 154a, 154b above the grounded scree e power ed usi a7.5
kv, 5 WO"6BH 505585 A iobsy 3;3@8@3% ﬂa& S}‘%oofﬂ&%@at onizcts i gl o t age
AC) povery; SURP dharblO praiatd £ hngd iﬂ@l&d&_&he%%ﬁb?ﬁé%%f?&@i&h@ﬁ%p&?am wre

vol tage just below the arcing potential. s applied to the
W res, posptindadiencblisegravélles aberonbs thensrefcpovantinealywell kingwn pkb hWanddmgl 54a,

| 54b were accelerated to . screen 156 and a fraction of these passed through
the sl t SO chiesa i Taond adih: Berbifre: Skding! HEpC4lFT Rlemazn.
Once in aaps, bBG, otk hevidlvet 42 Gurfrg®rccdiifg iR of d¥e tdinRionGRAKIGR c@ulahién Web
pulled the ions in for neutralization of web side 42a. FIG 11 shows

t he bi poldrchaige. {oihissillusratedprogess.airoediedisludics b carota Weatabdd, abmplbbar
neuttal i i on,. At tii of approxi mately 20 seconds into the run, both
bi pol ar ﬁ%ﬁ%?&l$¥%ﬁé%%ET%0 were turned on. The effect of the second bi pol ar

neutralizer wds as@gdart withnae afveaiisd eihizalilgsuRbweb damtlhg prostss M@ conbi ned
ef fect of both bipolar neutralizers was seen at tinme of apEroxinateI 35
seconds. 0EPERS &t iggstansdicairalivation systoe psnegiglizernwhish mepdificsdharganpdeded educed
by at le :[fag't . . potential in
t he freeg%gﬁk§ggg%ﬁ???g?%§ a?bf%gﬁ%m#gﬁ rggg%ﬁg%ﬁgggﬁ%gﬁﬁ%%%ly t he sane

t hr oughouimtbdirhente ivothr @dasuia ahihd2ls brcathbside nactal eftaltht yewfalizérés)web i n t he
ovep_was elimpated and ality of the coating,,in general, increased with
the?%pm | cat i diioees ¢haskilly B Onp BEHEiFs: ¢ Bt bR .03@%310&1 S 20Thi s
test was QRS MdINEsXR! Y, BBE. el y 0.005 inch thick optical grade dielectric
web with no conductive layers. Corona treater 44 was used at significant

power (to incrizmbactirgokall nkhdgea genedat ¢lomyntandt lehstelosp padkimep tcoonef t | i n.

Two bi pol a eutralj S re u osi t4 oned where neutralizers 50a, 50c
e A AT S A b P R ks e e TS
arc il ushg athedsidd(dg. Giddl 2 Aor REMalidbd F0Y o2REb 4256 dMbalmdntheut ral i zer
250 i ncluded a grounded screen 256 positioned apprOX|nateI¥ 0. 035 inch

(i. &0, gapsuzsiser aBbinsludaea gwpndedellfda (whichalo49a imisioact 19l) eibanygs wr apped
on a gro I . nsi;st ed i nducti ve
ot al Tpor PORESLE S pellsRehs S0 PR CeBlnd 4 B STF Sneithe SRS ot
pitch of sab@yts70,4%.1 nch, running at about 87 degrees to the down web
direction. A single thin sawtooth 30 bl ade 254 above grounded screen 256
was power ed udPREOHCTIECanbe anypuitalyg clgmepygengsaiiet caiptive demertotiet ol | ed

A, RO SRR eufeencfade Yahags sty it et e
25 include a single or multiple wires, a blade, and other small radius element connected to a
power source (e.g., a DC source or an AC source) to provide the desired ions. Other
examples of ion sources include ion guns, ion blowers, alpha radiation, and X-rays.
Positioned between ion source 57 and web 42 (i.c., web side 42a) is a second
grounded element 56. In this embodiment, neutralizer 50a includes a grounded element
30 56a; similarly, neutralizers 50b, 50c include grounded elements 56b, 56¢. Grounded

element 56 controls the flow of ions from ion source 57 to web side 42a by providing a

shield. Grounded element 56 may be continuous and solid, or may be a foraminous, e.g.,
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WD 2009/ 002665PCT/ US2008/ 065624 ions fromthe vicinity of the blade teeth
were accelerated to screen 256 and a fraction of these passed through the
per f or at ivwOx0@M2@8t er ed gap 255 between screen 256 andPaglSsusiieisesd 42a.
Once in gap 255, the electric field due to the bipolar charge on the web
pulled the ions in for neutralization. 5FIG 13 shows the bipolar, or

t op-side, charge of the web with and w thout_ bipalar neutralization. Both
bi pol ar rBEdIores« apegeybertirgugie Ewmpleyrf fonmirgsigeatenelbde of bot h
bi pol ar .Zer el [ i.pol ar
neutralig%#%ﬁgggﬁﬁ?Egﬁgﬁ%gﬁggﬁﬁﬂggégm%gﬁg?%%3@%g§%§§§%p¥ggéﬁmgﬁg orders of
magni t udeapettinddsi r abl e directionality of the web in the oven was elim nated
and quality of_ the c¢oating in geperal 10increased with the application of
these bi pol ar TeERS a2 44 IHHS%BS%P %T_B‘%lelﬁﬁ%tnﬂP‘éH_@?ud?ﬁP%ﬁVFB‘%?m\ié’jg done usi ng
apProXi MG i8Ry il shlH &hneRb! £AL 601, 306, AcGhEEA! Irfiedelonvl:i3nfio

conductive | ayers. rona treater was used at significant power (to

15i ncr easeubrilpatian sydtemygkacdigaie thatricomlizatdn bf web 4p bg gravading O@bfAL/ardeast Two

bi pol ar neuytralizer re used ositioned where neutralizers 50a, .50c in
PG o artbpulidh GREeeTeh s Foranarl ARt P IonS Sl Y RIST PR ar ¢

i 1T ustratg@raviddd §uallfcaRutgulddd. zer 350. Each bipolar neutralizer 350

i ncl uded a grounded screen 356 positioned approxinatgg% 0.035 inch (i.e.,
gap 355) aboveCarhea tropiersidde.g42a A coioba freatgi iy eptionel, webused inaemepbuipped on a
grounded rold.er 55 .  Screen 6 isted of thin she f .con tive
g e R T N R R R BT A SR
pitch of tAfr@ohtalt i@4nd Juch as EoONA figatérs, P @olls, BackdoDs, easkytrolld, i onors, wed
direction. A single thin sawtooth bl ade 354 above the grounded screen 356
was powerdbenariRmsat fhesontactsghe itgmguovide bigkar piojtatiorisresiaht em7dhe one

bi pol ar i NG V. mA HvVDC
poner - suptl PG B ate fBsu ARRL RIS W e RIS Rale 8 g &

G assnman chafpekivtatia@ epiiphdDC power supply. The G assnman power supplies were
operated in current limt nmode with the current fromeach H/DC |limted to
abotd 1.2 ma paihg dotged REGES Brlerypicns fope %éaéheaw_ﬁlr ISt b iaEe 354,
posi ti ve (friwbid¥XentBhaltRIREE Vs 660600 HYROhipoRl ARingRNSdd, neM-AINGtid Ci ni ty
of the blade teeth were accelerated to 30screen 356 and a fraction of these
passed t hocounyhn thedolbewingrstps.ons and entered gap 355 between the screen 356
and web surface 42 ce i the electric, field, due to,the bipolar
char g on t ho. vl pUPITEdde {2 PERES 725 5 SpBHT AR pibyTRcd SfgrouRaéd' ©!
2009/ 002665PCT/ US2GQR410B86dc 42a of wél 42 iskRerSbipyier (o @in@lepﬁlif?rneu@zﬁliz‘é@p' si de,
charge of the web with and wi thout bipolar neutralization for the cases of
usi ?—lg one +HVDC bi poingra maifastition ef thggovengen pfthshdsclowydC bi pol ar

neutralizer 350, 5a i + - . bir Dol alyl s..350.
The first set of 2'dgg”‘éﬁlfis‘fﬁ*ﬂ%V%%{B”e%?%a?%hﬁ@ysgﬁbé&éaq?‘ﬁg&?%%?édusadEﬂeé%belr%ti al
initially with 5no et paltafizeeftbtahé Bettdnd loppositd) Bele 40basidfhaclkardfar 60¢.ni ng on

a single bipolar neutralizer 350 powered with -HVDC. The single -HVDC
bi pol ar neut r al i 2erStasol @dghieirengatedyes pEawavpeceHfaryLl b RFEOFA’d Pbns of t he

cutoff of the data BPoakon L YEO AL TP AL L RRS EPER e
bei 2y able to only pdlhedhrgtas dedired] onllP 600 bipoRD heuteahigers 50a, 50c are applied
to the top side 42a of the web.
After the neutralization stations 50a, 50b, 50c, the net (freespan) potential can be
measured, such as by using a Monroe 177A fieldmeter 64 with a 10 kV/cm industrial
probe at a gap of 1 cm. While the web is wrapped around a grounded roller 45, the top-
30 side potential can be measured, such as by using a Trek 400 voltmeter (£2000V range)

with a high-speed probe 65 at a gap of about 2 mm.
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10The second set of data in FIG 15 (at tine of approximately 2:15 seconds)
shows the top-side potential initially with no bipolar neutralization and

t hen t he wbfeexooad6st ur ni ng on a single bipolar neutrali PET/UB2M80624ed Wi th
+HVDC. The single +HVDC bi polar neutralizer 350 significantly reduced the
negative portions of the initial bipolar charge, while |eaving the positive
portions unchanged. 15The third set of data in FIG 15 (at tine, of

appr oxi mat el y Weqeusiyset dpeinized wep opbel ¢patadobasitipsgved ghatagleristiogithan no

bi bol . c ' : ' .
et al i 2ot GLEERIIO0 806, ERRabif, RpBfhe Raibldattt 1. MR RBRE"
posi ti ve sawakinggad.) e sgor, bndthsreal 1dshdevimidn @flthdivpblfiam chiatagdedpgh (i.dout i on
d d . .th ) der f. jt . 20FI G .16 . th
bor f or narl60 LB ELAMENE oY MED 1t HIHegF TR ek ARph gy mertagth f5id: set
¢ ¢ . ' T N ‘ .
of data Zp%&h tto!e'i‘ﬁlcgé 1s%ﬂ98€\ﬁFc%%aﬁ@%c§ %?% dSRAGOSp dHek had Herg‘%%\b cRardibpg! ar

(
neutralizZation, then w ol'ar neutralizers operating (one
- HVDC, dnleraskel/BE)webTiuth decama tbatinofGapatraer &ir gapmeies) aghilpatriiRdstoconds)

shows the topsid har ge, i.ni tiall j.th no bipol tralization, then
ot o SRRBD TG RaP eSS ot 205 S & 5 o d A (RiclgBhhiy) dadr
two HVDC ds 90 (Ja18 et 413 hlzsf@hf%ﬁ(ard@i%&ﬁbm Hé@éiﬁ%%r réfBRAcd. wo HVAC bi pol ar
neutralizers 250. The nain reason in this was that the two HvDC bi pol ar
neutralizers 350 operated at constant corona current from bl ades 354 (set
at 2 nA/ft)EXR%pEQng t he HVDC power supply 370 in current limt node

al | owed the bl'ades 354 to 30take on what ever vol tage was needed to achi eve
a corona curr efiie fofloding ndAllfrhitingekarhpies HlukividEvmosBrensisdrhantSdlhishi s cor ona
current was realized at a bl ade voltage | ower than for +HVDC bi pol ar

neut ral i ZB¥I®YE.- The HVAC bi pol ar neutralizers 250, on the other hand,

al ternate equall £ i §ive i . . anount of
negative ion 3&%%?2?F%ﬁﬁ?ﬁﬁﬁﬁh%’%ﬁ€ﬁ§§8§§%3%&ﬁ§P¥%%3%@% f@gg?%ggér t han

t he amouniroaks padiguiratiens aninhbiteoathidown (O trel wieh. t'Heuplakwtn vethhabiitactyodl €) . |t

is noted that with the use of HVDC-bi asi.ng of the HVAC signal, that +1 kV
oc 58 asithg veP 18 fidg “@U,Oi‘@heréayere U tﬁrx‘/ﬂjé%_sfpgﬁ yg%ﬁaglatsggé Pafrginthe qual
amount s Qfcap et Phifith MEAALaNRL RO idHelicb QBaifdh WABh Sl s Erobifddd plaat @

using bipolar neutralizer 250 ilTusTrated in FI ' is also
not ed t hatcuiralize the seddlodingstht spatmattheeor, tiar lessiimgtht wheosidaeoh@gedulnr al i zer s,

it may be desjrable to increa he power .g. . current) in

neut r al | 2P h g b TR B nepRty obetish il e 2Rt < ne web.
I'n the ahQWen®Xed¥RligSnatéendCBE QRaAitg N Bedbthd BNené@l inbicR@ldavitn@dt ral i zati on
were done on the top side 42a of web 42. However, once the grounded

condlct i w@pbtasionef these ipolas apteatizats® do¥B®s. 356 in the above exanpl es) was
pl aced in close proximty to one side of the web (while the web was w apped
on grounded roller 55), any nethod could be 15used to insert ions into gap
155, 255, 355 Exmampl e 4 A series of test were done on a | aboratory
set-up simlar_to process 40 of FIG The trial was_ perforned on high

) . 9. i
per f or mance wilhEoRFTasHoNEEgAL B OPHdNEh thisk welnwith g cbeddsd 68Kt h thi s
filmweb,;. cIN a '
responsiQF%%Tgﬁéégﬁgggggggﬁgfggﬁgggggﬁﬁifagg(agy8%9?ﬁ€%5?e% %S %ﬁfgﬁchdomn
in 2he suitsquenTwgdppadanyrentralizEBouebidamed, positibingl wloart acitrabizers3@a vl iho a

side wal |_of the dryer ue to the field formed .by. a single-sjid har ge on
t he web. 111?3- P ere«msrtyqaﬁ@wﬁe PAeular ’&%Pértaﬁ%@s Eﬁ.ddp?}‘lééﬁié‘fex}ﬁg%@é?d: lﬁg')lgwﬂ n wet,
i s groundgde.gigiRevsg al i zes the side having the coating 25thereon, thus

| eaving the other side charged.
Each bipolar neutralizer 150 included a grounded screen 156 positioned

approximately 0.035 inch (i.e., gap 155) above the top side 42a of web 42 while the web
30 was wrapped on a grounded roller. Screen 156 was a thin sheet of stainless steel metal
with 100 um slits running at approximately 45 degrees to the down web direction. Two

0.003 inch wires 154a, 154b above the grounded screen were powered using a 7.5 kV, 5
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Using the set-up of FIG 9, various runs were conducted to determ ne

sui tabl e process configurations to inhibit touchdown of the web.

I n the fovbawwag2deabl e, "CM5" represents "charge nodifyiPag/useaismeso24 whi ch

i ncl uded grounded tensioner rolls 55 contacting the back side (e.g., side
42b) of the web 30and a grounded el enment (e.g., screen 56) proximte the
front side : 42a) WO 2009/ 002665PCT/ US2008/ 065624 Run | i ne
speed (ft%?@%é(ﬂ‘éﬁg (p@mbugh(vvzbtagwscbwqrﬁgpmlwaﬂ@@%wl@ém‘r&ﬂ warmbly 0 N N N

120 0 yransformer to keep wire voltage just below the arcing potential. When HVAC was

applied to the wires, positive and negative corona ions from the vicinity of wires 154a,
154b were accelerated to screen 156 and a fraction of these passed through the slits and
5 entered gap 155 between screen 156 and web surface 42a. Once in gap 155, the electric
field due to the bipolar charge on the web pulled the ions in for neutralization of web side
42a.
FIG. 11 shows the bipolar, or top-side, charge of the web with and without bipolar
neutralization. At time of approximately 20 seconds into the run, both bipolar neutralizers
10 150 were turned on. The effect of the second bipolar neutralizer was seen at time of
approximately 25 seconds, and the combined effect of both bipolar neutralizers was seen
at time of approximately 35 seconds. Using two bipolar neutralizers 150, the bipolar
charge was reduced by at least two orders of magnitude. It was noted that the net potential
in the freespan was initially fairly low and remained approximately the same throughout
15 the entire run. Undesirable directionality of the web in the oven was eliminated and
quality of the coating, in general, increased with the application of these bipolar

neutralization devices.

Example 2
20 This test was done using approximately 0.005 inch thick optical grade dielectric

web with no conductive layers. Corona treater 44 was used at significant power (to
increase bipolar charge generation) and line speed was 50 ft/min. Two bipolar neutralizers
were used, positioned where neutralizers 50a, 50c in FIG. 9 are positioned; the particular
neutralizers used in this trial are illustrated in FIG. 12 as neutralizer 250.

25 Each bipolar neutralizer 250 included a grounded screen 256 positioned
approximately 0.035 inch (i.e., gap 255) above the top side 42a of web 42 while the web
was wrapped on a grounded roller 55. Screen 256 consisted of thin sheet of conductive
metal perforated with rows of approximately 0.025 inch diameter holes at a pitch of about
0.04 inch, running at about 87 degrees to the down web direction. A single thin saw-tooth

30 blade 254 above grounded screen 256 was powered using a 7.5 kV, 5 mA, 60 HzHVAC
power supply 270 controlled with a variable transformer to keep blade voltage just below

the arcing potential. When HVAC was applied to blade 254, positive and negative corona
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ions from the vicinity of the blade teeth were accelerated to screen 256 and a fraction of
these passed through the perforations and entered gap 255 between screen 256 and web
surface 42a. Once in gap 255, the electric field due to the bipolar charge on the web
pulled the ions in for neutralization.

5 FIG. 13 shows the bipolar, or top-side, charge of the web with and without bipolar
neutralization. Both bipolar neutralizers 250 were turned on, and the combined effect of
both bipolar neutralizers was seen within 0.11 seconds. Using two bipolar neutralizers
250, the bipolar charge was reduced by at least two orders of magnitude. Undesirable
directionality of the web in the oven was eliminated and quality of the coating in general

10 increased with the application of these bipolar neutralization devices.

Example 3

This test was done using approximately 0.005 inch thick optical grade dielectric
web with no conductive layers. Corona treater 44 was used at significant power (to
15 increase bipolar charge generation) and line speed was 100 ft/min. Two bipolar
neutralizers were used, positioned where neutralizers 50a, 50¢ in FIG. 9 are positioned; the
particular neutralizers used in this trial are illustrated in FIG. 14 as neutralizer 350.
Each bipolar neutralizer 350 included a grounded screen 356 positioned
approximately 0.035 inch (i.e., gap 355) above the top side 42a of web 42 while the web
20 was wrapped on a grounded roller 55. Screen 356 consisted of a thin sheet of conductive
metal perforated with rows of approximately 0.025 inch diameter holes at a pitch of about
0.04 inch, running at about 87 degrees to the down web direction. A single thin saw-tooth
blade 354 above the grounded screen 356 was powered with an HVDC (i.e., high voltage
DC) power supply 370. One bipolar neutralizer 350 was powered using a Glassman +10
25 kV, 30 mA HVDC power supply and the other bipolar neutralizer 350 was powered using
a Glassman -10 kV, 30 mA HVDC power supply. The Glassman power supplies were
operated in current limit mode with the current from each HVDC limited to about 1.2 mA
per foot of blade 354. When HVDC was applied to blade 354, positive (for +HVDC) or
negative (for —-HVDC) corona ions from the vicinity of the blade teeth were accelerated to
30 screen 356 and a fraction of these passed through the perforations and entered gap 355
between the screen 356 and web surface 42a. Once in gap 355, the electric field due to the

bipolar charge on the web pulled the ions in for neutralization.
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FIG. 15 shows the bipolar, or top-side, charge of the web with and without bipolar
neutralization for the cases of using one +HVDC bipolar neutralizer 350, using one —
HVDC bipolar neutralizer 350, and using both +HVDC and -HVDC bipolar neutralizers
350. The first set of data in FIG. 15 (at time 0) shows the top-side potential initially with
no bipolar neutralization and then the effect of turning on a single bipolar neutralizer 350
powered with -HVDC. The single -HVDC bipolar neutralizer 350 significantly reduced
the positive portions of the initial bipolar charge, while leaving the negative portions
unchanged. The cutoff of the data at about -1000V was due to the data acquisition system
being able to only collect data in [-1000, 1000] range.

The second set of data in FIG. 15 (at time of approximately 2:15 seconds) shows
the top-side potential initially with no bipolar neutralization and then the effect of turning
on a single bipolar neutralizer 350 powered with +HVDC. The single +HVDC bipolar
neutralizer 350 significantly reduced the negative portions of the initial bipolar charge,
while leaving the positive portions unchanged.

The third set of data in FIG. 15 (at time of approximately 4 seconds) shows the
top-side potential initially with no bipolar neutralization and then the effect of turning on
both bipolar neutralizers 350, one powered with +HVDC, the other with -HVDC. Both
positive and negative portions of the initial bipolar charge distribution were reduced by
more than two orders of magnitude.

FIG. 16 compares the performance of HVDC (Example 3) to that of HVAC
(Example 2). The first set of data (at time 0) shows the top-side charge initially with no
bipolar neutralization, then with two HVDC bipolar neutralizers 350 operating (one —
HVDC, one tHVDC). The second set of data (at time of about 2 seconds) shows the top-
side charge initially with no bipolar neutralization, then with two HVAC bipolar
neutralizers 250 operating.

For this example, two HVDC bipolar neutralizers 350 performed better than two
HVAC bipolar neutralizers 250. The main reason in this was that the two HVDC bipolar
neutralizers 350 operated at constant corona current from blades 354 (set at 1.2 mA/ft).
Running the HVDC power supply 370 in current limit mode allowed the blades 354 to
take on whatever voltage was needed to achieve a corona current of 1.2 mA/ft. For the —
HVDC power supply 370 this corona current was realized at a blade voltage lower than for

+HVDC bipolar neutralizer 350. The HVAC bipolar neutralizers 250, on the other hand,
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alternate equally between positive and negative voltages, and the amount of negative ion
generation (during the negative half cycle) is greater than the amount of positive ion
generation (during the positive half cycle).

It is noted that with the use of HVDC-biasing of the HVAC signal, that +1 kV DC

5 biasing of a 7.5 kV, 5 mA, 60 Hz HVAC signal generates roughly equal amounts of

positive and negative neutralizing currents to a test plate using bipolar neutralizer 250
illustrated in FIG. 12.

It is also noted that in some embodiments, rather than using two or more
neutralizers, it may be desirable to increase the power (e.g., current) in one neutralizer and

10 avoid multiple neutralizers on the same side of the web.

In the above examples, the corona-generated ions for bipolar neutralization were
done on the top side 42a of web 42. However, once the grounded conductive element
(e.g., screen 156, 256, 356 in the above examples) was placed in close proximity to one
side of the web (while the web was wrapped on grounded roller 55), any method could be

15 used to insert ions into gap 155, 255, 355.

Example 4

A series of test were done on a laboratory set-up similar to process 40 of FIG. 9.
The trial was performed on high performance window film. From previous web handling
20 processes with this film web, it has been known that exposure to a corona treater is
responsible for generating static on the web which then leads to touchdown in the
subsequent gap dryer. "Touchdown" is the contact of the web to a side wall of the dryer,
due to the field formed by a single-side charge on the web. It is well known that a coating
(e.g., adhesive coating) when wet, is grounded and neutralizes the side having the coating
25 thereon, thus leaving the other side charged.
Using the set-up of FIG. 9, various runs were conducted to determine suitable
process configurations to inhibit touchdown of the web.
In the following table, "CMS" represents "charge modifying device", which
included grounded tensioner rolls 55 contacting the back side (e.g., side 42b) of the web

30 and a grounded element (e.g., screen 56) proximate the front side (e.g., side 42a).
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Run | line speed | corona | CMS | coating | touchdown | comments
(ft/min) | power (w)

0 20 0 N N N

1 20 0 N Y N no data collected

2 20 300 N N N no data collected

3 20 300 N Y Y

4 20 0 N Y N

5 20 300 N N N

6 20 300 Y N N No nuclear bar after
second CMS

7 20 300 N N N

20 0 N N N

9 20 300 N Y Y

10 20 300 Y Y N Nuclear bar held
manually in place after
second CMS

11 20 300 N Y Y

12 40 600 N Y Y

13 40 600 Y Y N No nuclear bar after
second CMS

14 40 600 Y Y N Nuclear bar held
manually in place after
second CMS

15 20 300 N/A Y Y Both CMS replaced
with nuclear bars

Touchdown occurred only during coating and when the corona treater was on. Use
of at least one charge modification system eliminated touchdown in all cases. This can be
seen by comparing Run 9 to Runs 10 and 11, and by comparing Run 12 to Runs 13 and 14.

5 Run 15 used conventional nuclear bars mounted in place of the grounded screen and

corona screen; the nuclear bars were not successful at preventing touchdown.

FIGS. 17 and 18 illustrate the elimination of single-side charge by neutralization
by the charge modification system used in the tests. FIG. 17 shows the back-side potential
without bipolar net neutralization according the present invention. FIG. 18 shows the

10 back-side potential with bipolar net neutralization according the present invention. It is
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nodi fication systemelimnated touchdown in all cases. This can be seen by
conparing Run 9 to Runs 10 and 11, and by conparing Run 12 to Runs 13 and
14. 5Run 15 used conventijonal nuclear bars nounted in place of the grounded

screen arfgcBpbhycapeenized rehilcmparatieannd nghed plobhe pirseddayantiont
prevent| c}egﬁé%@gﬁ%@%in electrosta 1& %&r é‘ﬁlaﬁ&% %&/e{b ItAuléﬁ&(;v@lrl.e the elimnation of
e charge P y P

si ngl e- si y neutralizatron e charge nodification system used
inthe tests. FIG 17 shows the back-side potential w thout bipolar net

neutralizatio a%@orduggfihe re en%ﬁénvention. FIG 18 sho t he
10back- si de pot&rPP¥F SRECH IFaUPHHIGFARBIcS FEUbT SN LI ATBRIG 2 CBFISY t he present
i nveat i oyesdibption of ARENadtRtu@ N8 Rsd aﬁk@édla?r%ﬂlt}l@d{ﬂ?etﬁp@f BPRALALYS and net hod

of the present invention decreases spikes in electrostatic charge that
cause weBdcouschdowrembidenaiiovtths pecnfipr edn mmadawehkaundeestisg Golmghe eved to

provide a_c l,et e 5description,of the manyfactu and use of, particul ar

ebodi menPaHand Lo T SO Balb S s Samynd sBEtPhE B CaoY RS YDA fon can
be made WirbADMbard@PSN tht BRiirhs RF:inbRrSPpbidedand scope of the invention, the
true scope and spirit of the invention reside in the broad neani ng of the

claims hereinafter appended. WHAT IS CLAIMED I S:
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1. An apparatus for net neutralizing a surface conpri sing: (a) a
grounded el enent positionable at least in close proximty to a first
side surface; and (b) an ion source and a second grounded

el enent positionable in close proximty to a second side surface, the
second grounded el enent positioned between the ion source and the
second SWIRATUS CAIMED The apparatus of claim 1, wherein the grounded
el enment is positionable to contact the first side surface and
optionally, wherein the grounded elenent is a roller. 3. The apparatus
of claim1, r.el [ nt.is a foram nous
eIenenthl4.Tﬁ%ﬁgg%§§%?§¥%§¥Bgﬂg%%%¥%%§ﬂ%§%§%5?%%m$on source is at

| east one of (a) a gaundedelaniont positionbistarrieast fmelesd BdxinitPtoRORES side
source, optionally wherein the power source is DC, AC or high voltage
and t he gRic@fve element is a wire or a toothed bl ade; and

(b) an ion gumy an,d ligd | [ : sray
sour ce. 5.Thgm ppa?gggggggﬁgpgﬁ%%%mgééﬁﬁg?&g@ﬁ%ﬁﬁgﬁﬁgmgﬁglgpbé%re
nucl ear rexmnitytioA seetitbsldé anfaceihe sdcond pypuadsiiclément pooitiohed betgyeen the
(a) providing a unded elenent at least in close proximty to a
first si'dBSSYUre ﬁ’g‘[et e Sfigpnd side S“(‘%fe'pr oviding an ion source and a
second grounded elenent in close proximty to a second side surface,

t he second grounded el enent positioned between the ion source and the
second s3.de st apparat, dflvéaimel, vdrtreih thel grounded elevemeisrpositienshle tacatdcs

t he surfac f.a dielectric . .8. The nmet had,of claim6,. wherein
the gr oJﬁﬁgﬁsqéﬁdgﬁﬂﬁcec%?@P\ﬁﬁﬁhév hﬂeg@ﬁ‘xegg@%gﬁp ﬁ'{?&?’ér?cfogﬁrti onal |y,
wherein the grounded elenent is a roller contacting the first side

surface._ 9.The method of claim6, wherein the second grounded el ement
is a foran nolke apavaisof claim 1, wherein the second grounded element is a foraminous

element.

4, The apparatus of claim 1, wherein the ion source is at least one of

(a) a conductive element connected to a power source, optionally wherein the
power source is DC, AC or high voltage and the conductive element is a wire or a toothed
blade; and

(b)  anion gun, an ion blower, alpha radiation source, or an X-ray source.

5. The apparatus of claim 1 further comprising one or more nuclear bars.

6. A method for neutralizing a surface comprising:

(a)  providing a grounded element at least in close proximity to a first side

surface; and

(b)  providing an jon source and a second grounded element in close proximity
to a second side surface, the second grounded element positioned between the ion source

and the second side surface.

7. The method of claim 6, wherein the surface is the surface of a dielectric web.
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10. The nethod of claim6, wherein the ion source is at |east one of:
(a) a conductive elenent, optionally a wire or a toothed bl ade,
connected to a power source; and (b) an ion gun, an ion bl ower,
al pha radi ation source, or an X-ray source. 11. The nmethod of claim®6
further conprising providing one or nore nuclear bars for net

neutraliging Themzthodatelaithd, Ahepin fhanghidded sRRRhBEHSaEOBR Hrist: ()
a web source providi nﬂ the web: (b) a corona treater positioned to
&

act uponsiriiee apdoptienplly, whesemdhe a@upé%d ¢lementdna mqllsa contaeringdhe first sidg:
a groundgderol | er positioned against a first side of the web; and an
i on source and a second grounded el enent positioned in close
proximty to a second side of the web, the second grounded el enent
positioned be %meenh%g flﬁ source and the second sjde. 13.The

appar at & Wherdn hecsrrad grepndad glesieahis i foramigous
foram noagmglllerrent 14. The apparatus of claim 12, wherein the ion
source is at |east one of: (a) a conductive elenent, optionally
a wre or a toothed bl ade, connected to a power source; and (b)

an ion i on,bl.o lation soqurce, or an X-ray

Sour oo, s T Sl et e d, Bibiei (s 100 ech o8t it dagoRal 1 sati on
apparatus furg ?wer @@éﬂ&ﬁbﬁwaeﬁe@t SptismRIIS a%iﬁéﬁaar 9&%& b dali c-ﬂﬂgect?d toa
appar at us of aim 14, further conprising a gap ryer

bi pol ar mé’mrrsammmmdon apparatus. 17. A web handl i ng apparat us

comprising: ( a V\B%nsg%gr dtioR b%/\{rg", nghat. pa%ia\ﬁ%g ;source, or an X-ray source.

11.  Themethod of claim 6 further comprising providing one or more nuclear bars for

net neutralizing the surface,

12. A web handling apparatus comprising;
(a) a web source providing the web;
(b)  acorona treater positioned to act upon the web;
() a bipolar neutralization apparatus comprising:
(i) a grounded roller positioned against a first side of the web; and
(ii) an ion source and a second grounded element positioned in close
proximity to a second side of the web, the second grounded element

positioned between the ion source and the second side,

13.  The apparatus of claim 12, wherein the second grounded element is a foraminous

element.

14.  The apparatus of claim 12, wherein the ion source is at least one of:
(a) a conductive element, optionally a wire or a toothed blade, connected to a
power source; and

(b) an ion gun, an ion blower, alpha radiation source, or an X-ray source.
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(b) a bipolar neutralization apparatus conprising: a grounded roller
posi tioned against a first side of the web; and (ii)an ion source and
a second grounded el enent positioned in close proximty to a second

- side of the web, the second grounded el ement positioned between the

i on source and the second side; (c) a coating station dowweb of the

bi pol ar peut rphd ix%msﬁﬁ\s Snpanal 4 9he ﬁPslaf fout@ligARnHpY Sat i TWANG RoRfpriking
coaling station. 18. The apparatus of claim 17, wherein the second

gr oundedonsi & eeTe npglear bags.ani nous el enent. 19. The apparatus of claim
17, wherein the ion source source is at |east one of: (a) a
conductive el enent, optionally a wire or a toothed bl ade, connected

to a powss. soOTlieanpatatet of claim {4))fudiericompgisifg aaap dBer Bbaneeb ofthehpolar
radi ati on source, or an X-ray source. 20.The apparatus of claim17,
further ROHBHFRIORGPEAEBEONa treater upweb of the bipol ar

neutralization apparatus.

17. A web handling apparatus comprising:
(a) a web source providing the web;
(b)  abipolar neuntralization apparatus comprising:
(i) a grounded roller positioned against a first side of the web; and
(ii) an ion source and a second grounded element positioned in close
proximity to a second side of the web, the second grounded element
positioned between the ion source and the second side;
(c) a coating station downweb of the bipolar neutralization apparatus; and

(d) a gap dryer downweb of the coating station.

18.  The apparatus of claim 17, wherein the second grounded element is a foraminous

element.

19.  The apparatus of claim 17, wherein the ion source source is at least one of:
(2) a conductive element, optionally a wire or a toothed blade, connected to a
power source; and

(b) an ion gun, an jon blower, alpha radiation source, or an X-ray source.

20.  The apparatus of claim 17, further comprising a corona treater upweb of the

bipolar neutralization apparatus.
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