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PCT/ US95/ 14879 5 METHOD AND APPARATUS FOR APPLYI NG
TH*N FLU D COATTNGS TECHNI CAL FTELD The present
invention relates to coating. More particularly, the 10 present invention
relates to kg and applying thin and ultra-thin coatipterusysiiesre
BACKGROUND NVENTI ON Coating is the process of
repl acing the gas contacting a substrate, usually a solid surface such
as a web, by a layer of fluid. Sonetines, nultiple 15 layers of a coating
are applied on top of each other. After the deposition of a coating,
it.can remain a fluid such as in the application of lubricating oil to
metal in metal coil processing or the application of chem cal
reactants to activate or chemcally transforma substrate surface.

Al ternatively, the coati [ | | ' a volatile
fluid to Iegve behind a g@Fﬁ*@@?@ﬁ@ﬂ”&aﬁ%%@ﬂ%e 20 cured or
in sone other way solidified to FHINFLUIDTOATRIGSY such as a rel ease
coating to which a pressure-sensitive adhesive wll not aggressively stick.
Met hods of applying coating are discussed in Cohen, E.D. and Gutoff, E.B.,
Moder n Coat i ngm hnol ogy, VCH Publ i shers New York 1992 and
Satas. D.. Wb Converting Technol ogy and Equi prent, Van 25
Vorstrand Rei nhol d Publi gk pehsé invellBdh réfitds « .];9 Mbﬁgmhﬁag 'ﬁﬂd
necessary in many situations to coat ultra-thin |ayers are no
nore than S0ni @resert inyengien relates to preparing and applyingthin and wra-thingoatingsods known
for applying continuous fluid coatings (such as roll, curtain, slot,
air knife. slide, and gravure coating) other than vvat er expansi on
t echni ques, i - : W cknesses bel ow about

Coating is the process of replacing the gas contacting a substrate,
usually a solid surface such as a web, by a layer of fluid. Sometimes, multiple
15 layers of a coating are applied on top of each other. After the deposition of a
coating, it can remain a fluid such as in the application of lubricating oil to metal in
metal coil processing or the application of chemical reactants to activate or
chemically transform a substrate surface. Alternatively, the coating can be dried if
it contains a volatile fluid to leave behind a solid coat such as a paint, or can be
20  cured or in some other way solidified to a functional coating such as a release
coating to which a pressure-sensitive adhesive will not aggressively stick.
Methods of applying coating are discussed in Cohen, E.D. and Gutoff, E.B.,
Modern Coating and Drying Technology, VCH Publishers, New York 1992 and
Satas. D.. Web Processing and Converting Technology and Equipment, Van
25  Vorstrand Reinhold Publishing Co.. New York 1984. It is desired and necessary in
many situations to coat ultra-thin layers which are no more than $ microns thick.
Of the coating methods known for applying continuous fluid
coatings (such as roll. curtain, slot, air knife. slide. and gravure coating) other than
water expansion techniques, none can apply wet coating thicknesses below about
30 0.1 micron. To achieve lower final dry thicknesses with these methods, the coating
must be diluted with a solvent that can be removed by evaporation to leave behind

the desired coating below about 0.1 micron. This increases costs by adding the



30 0.1 mcron. To achieve lower final dry thicknesses with these nethods,
t he >coati ng must be diluted with a _solvent that can be renoved by
evaporation to | eave behind the desired coating bel ow about 0.1

m cron. This increases costs by adding the WO 96/ 23595

PCTL{ US95/ 14879 wooesnssesst of the diluent, the cost of prepari recTnsss/14879
diluted coating fluid, and the cost of renovi ng the diluent (such as
by drying). Al so, the necessary solvent is often hazardous to the
environment and the mapufacturing personne]

Di scont i nuous met h&ess obthe dilwant.ithe cost of preparing thegiluted coating Buid) andshe cost of
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fluid coat i nghazafdoaowithe envifonmenearrithe manufituringpersarinel. | y vapori zed,
and the el ectrospray process, is limted to a narrow.range of viscosity
and el ectrical properties ofDisgntinuous @%?fsrﬂjawlmn&.u'%thm coatings molccule%y
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coaters are used. Typical co equi pnmen rve roll
coater sold bylettraspiag prozessdescritieddn USSPateht Mol 43748.043¢ rHoweyer, fewifluid

others. This coater style is . . expensive to rchase and intain
because of its man§oatingsefsommercial ‘RW%%S“FWQ#“I y Vanguized apd e elsetrospsay

rolls usually prod 'ﬁ'}ﬁm‘i’: e del h ek | td.onal |y,

t hese coaters haveﬂﬁgﬁsszsul(ﬁ:@gﬁ‘%u y g{)%ﬁee%’%\%tg it oata Te?\ég&glﬁa%&to Réﬂ gg %‘3@9

to 0.1 micron rangeoating fluid. WAt er expansion techni ques first

started with the Langnuir- Bl odgett method of , produci, d depgsitjng

monomol ecul ar 91 ms as descrigsdbickpesses g"“ﬁﬁ'&*&@&‘t”?&“‘!‘%‘ﬁﬂ&gfﬂ&'W"gﬁé"d

Anmeri can Chem cal | | : [ | es
%!ﬁéro veﬁ%% Su(ﬁﬁwlit'll'ygn@(lj ?Jrﬂﬁ\z;'cuai et Gncludel e ﬁ@rﬁﬂ@%dbtf?’&i c

casting a dilute s a filmformng organic ecu
on a stagnant wat eby the/Bachofen & Meiro AR, iof Bulagh. dierimany, ahd othess. Thiscobtet styleris

th ter-air interf . Th I i ted | ' befi .
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surface of a Subst iGalsifiié of the roft8 Ball phddeet aliSicafiu? adibér i e chligta! e

surface on which the nononol ecular layer 25 filmis riding. U 'S~ Patent
No. 4.093, 757 dbsclAdditionslly; thesecaaterphavemabsuccessfully appliedrwiit ceatings indbp 8805 on

a continuous subst ané.?mi&%&?ﬂﬁie Pat ent Application 63-

Water expansion techniques first started with the Langmuir-
Blodgett method of producing and depositing monomolecular films as described by .
Blodgett in the Journal of the American Chemical Society (Vol. 57, 1007, 1935).

20 This method involves casting a dilute solvent solution of a film-forming organic
molecule on a stagnant water surface. The solution spreads to form a thin film on
the water-air interface. The solvent is evaporated leaving behind a monolayer of
film forming molecules. The film is then deposited on the surface of a substrate by
passing the substrate through the water surface on which the monomolecular layer

35  filmisriding. U.S. Patent No. 4.093,757 discloses forming a continuous
monomolecular deposit on a continuous substrate. Japanese Patent Application 63-
327260 discloses an improvement of the Langmuir-Blodgett monomolecular
technology where films greater than a monomolecular layer thick are deposited on
a continuous substrate to form an ultra-thin film coating at thicknesses of 0.00S to

30 S microns.
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327260 discl oses an i nprovenent of the Langnuir-Bl odgett nononol ecul ar
t echnol ogy where filnms greater than a nononol ecul ar |ayer thick are

depostted on a continuous sUbSTrate to Torman ultra-thin frim
coating at thicknesses of 0.005 to 30 5 m crons,
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PCT/ US95/ 14 Al t hough the water surface expansion

t echni que can coat useful coatings on substrates, it requires that the
coating fluid spontaneously and rapidly spread on the water-air

i nt erface. To a]cc:hi eve t lAlthobigh thewwajersurfaderaxpansion fechriiquessan coat usefylii t i onal
solvents or surface t] ts, t f d il
Ehe. it mom o chouns opaubatiautOf Mofints e BF coofiag Y ShopfatEhely and iafighy 02!V

the speed of %g?éahea the Ware&ip intéHfRe. To bititveaisTor M Eoaking Rritidlations, | S
reported that at nodest speeds of 10 to 50 nf m nut air bubbl es tend

e
to be trapped diditisnelsolvients or surfice aetiveragents mustbesfound and adleds ‘expansi on

t echni ques rel n picking the coatin TN & Sta e ond b
passi ng the subdiiioal HF Shastown Sopnedpte i imukE By fhe o ¥ Bitbadifh JAisB) 1 Y
substrate to tfe )@l Bf couting feSubitfateR linfiled 1 othdr Probiléms M orédthat at
occur to create a solid or near solid surface filmto allow the direct

transfer of t hmodestspeedsaifil@do 56 m/minute; birtbubbles temt to beirapped betweenthepond i s

al so subject tQ contam nation t hat ' REAE o | di
the coating qut ‘_F@.‘ﬁﬂfg’s“ﬁf'eW’éﬁfﬁmmg&%ﬁrﬁéﬁgﬁgﬁk\%“ﬁﬁw \%at Ionge
useabl e wi th _nﬁ&ﬁ'al%{a@nﬁﬁﬁaté?ﬁboﬁmg%s%g%é’ﬂbﬁhtéﬁm tHoWateP burfic 0" Si bl e
coating constituents. SU Y THE | NVENTI

]:rhle appar atus bcmtilctilg the dubstratet o thei waterrsurfaee. COfiens ewanozationiof selventinust '
t trat . The .. i oM, i | i
bt h 20 ¢ hr odRHEIo GBS 4 EpHAt APt 87 itfeeh R T RGwd Pheiceoeapbtek B fhe. 000 °

of fluid, and coating to the substrate. The surface of the pond is also subject to contamination

-

that can increase with time, degrading the coating quality. The water expansion
technique is not known to be useable with miscible coating fluids and water
15  soluble or dispersible coating constituents.

SUMMARY OF THE INVENTION
The apparatus and method of this invention coats ultra-thin liquid

films onto substrates. The invention includes moving the substrate along a path

20 through a coating station, forming a plurality of flowing layers of fluid, and
flowing the layers in contact with each other to form a composite layer. The
composite layer includes a coating fluid and a carrier fluid. The composite layer
flows at a rate that is sufficiently high to form a continuous flowing fluid bridge of
composite laver to the substrate surface for the coating width. The flowing

25  composite layer contacts the substrate to interpose the coating layer between the
substrate and the carrier fluid. The carrier fluid is at least partly removed
mechanically while leaving the coating fluid on the substrate as a coating layer.
Coatings with wet calipers exceeding the ultra-thin range may also be applied
using this invention. Miscible and immiscible combinations of coating and carrier

30 fluids may be used in the composite layer.



flowing the layers in contact with each other to forma conposite | ayer.
The- conposite layer includes a coating fluid and a carrier fluid. The
conposite |ayer flows at a rate that is sufficiently high to forma
continuous flowng fluid bridge of conposite layer to the substrate
surface for thewoss23ss wi dth. The flowi ng 25 conposite | ayer RPCRAUSISH4BT® he
substrate to interpose the coating | ayer between the substrate and
the carrier fluid. The carrier fluid is at |east partly renoved

mechani cally while | eaving the coating fluid on the substrate as a coating

| ayer. Coati ngs with wEhe sibstirate passesdbrough the conting station at spaeds upitpe may
al so be applied using thtsinvention. Mscible and immscible

conbi nati ons of cogmlﬁﬁﬁw ey Fiﬁgfm%steq Fﬁﬁ%ﬁ“ﬁh‘?ﬁﬁ?f%ﬂ"ﬁ’m r'c,atS'rrposi te
ggy%s% extrusion coater, a slot coater, a knife coater. a jet coater3 roll coater, o¥\6ther

PCT/ US95/ 14879 coaters, many of which are deyeribed in<Iohen andGutofls Thercamrign Auidecan
coating station_at  spee . 000, m m nute. .The, form ng .step can
use a slide coater ,be ge"éﬂ'rsef’ﬁ ﬂ5§8ﬂ?%rs?°%5’ﬁ‘ dramlng;\;ytgragx oﬁ"’@%‘&%é’F‘?‘“ﬁ“ﬂé‘Pot
.coater, a knife cogpdridval,avapdrationobsiig electfi®bl mag@rti€ fields. soRdifieation or c§ellii|§t0ﬂ”5-

many of which are described in Cohen and Gutoff. The carrier fluid can 5

be renoved by doct eedting or sarviet followerd by miechanisal remavali ghsotptioni argombining amyugal
removal , evaporati

gel ling of cogﬁhﬁges'igf :’eﬁp@&‘?”ﬂﬁ;’d&g%’na isﬁ% igtlrﬁ%ﬁaf%?l ik %,1?9 afster”"
absorption. or congirficeSsueh¥s a roll or@fbelt/6eFére mﬁaﬁg-m&dﬁ?ﬁ@nﬂé darriér Huid

conposite | ayer can be deposited on a transfer surface. such as a roll

or a belt, befdfPe edmbexemonmed from the wansfes surfactiand southat enly thewoatingfluid isn be
renmoved fromthe t f nl he coating fluid is
transferred to t he{@{'}sﬁﬁ"éﬁZ“%@@ﬁﬁ%&f’?ﬁ{@%‘%@gg‘ﬁ%‘ ce. BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic

view of a slide curtain_coati n% apparatus 15 according to the present
I nventi on.

Figure 1 is a schematic view of a slide curtain coating apparatus
15 according to the present invention.

Figure 2 is a schematic view of a jet coating apparétus according to
another embodiment of the present invention.

Figure 3 is a schematic view of a known slot die coating apparatus.

Figure 4 is a schematic view of a simplified curtain coating

20  apparatus according to andther embodiment of the present invention.

Figure 5 is a schematic view of another embodiment of the present
invention using a transfer roll where the carrier fluid is removed before the transfer
of the coating fluid to the web.

Figure 6 is a schematic view of another embodiment of the present

25  invention using a transfer roll to carry the carrier and coating fluids to the web.
| Figure 7 is a schematic view of another embodiment of the present
invention using a knife over roll device combined with a die applicator of the

coating fluid.



Figure 2 is a schematic view of a jet coating apparatus according to

anot her enbodi nent of the present invention. Figure_ 3 .
| sS—a—seherattre—virewof—a kmown sl 6T dr e coafi ng appar at us.

Figure 4 is a schematic view of a sinplified curtain coating 20 apparatus
accordi ng 9 r enbodi ment of the present invention. PCI/US9S14879
Fi‘gure 5 is QM ERemtic view of another embodiment of the pr esent

i nvention using a transfer roll where the carrier fluid is renoved before

t he transfer of the coatingfluidtothe web.
Figure 6 is a ' not her enbodi nent of the present 25

I nvention using a tranSf"eé‘isrim’%ﬂ‘ﬁg’ﬁ'rﬁﬁ‘r}‘;’?“gt“gﬁgﬁﬂ{gﬁ%ﬁ' ﬂ%&gﬁt&%ui ds to

t he web.

c view of er
enbodi ment of fluldcandrcoming fluid is credted anwd depositedionghesutfacé of Dsubstrate khchiisvi ce
conbined with a di e appl.icator of the coating fluid.

- A- | WI V@vgg; i)\gggagticlm occurs as the web moves through IthegcoatirlljgI station such that

PCT/ US95/ 1487 . . Sl ' . A L NQ:
conposite ?ay Zhre ‘]hr“l’,l F%fng?sgtgéar%egprsé g?r}t?cet% ﬂ"‘%’%ﬁ‘%ﬁ‘mi) c%@qq‘% gm‘?g'.'d S
created and démedacedd thewethandsevafing Suidfbetweenlihé web andsthe Barfier fluid. The web.

Deposition occurs as, the web noves through the coating station such that 5
the fluid conﬁm@mﬂafy@mwwstleemmgqlmmg%msﬁgwamh carrier fluid

at the air .int erfarrﬁe%s&mgcw;g?%&%@%%%Hic%%w@gbthe web and

the carrier fluid. The carrier ave a thin or

ul tra-thin codiscrege sheets or figideiece parts, or an array of pieces or fdits waifRirtedt € can be

any substrate sug&@s a continuoys web, .. discrete sheets or rigid piece
parts. or Mn shrp Fc%t@gégmgp. ﬁq gQating mtbg&oated at mean thicknesses

that are ultra-thin ranging from 0.005 to 5 microns. Additionally. fluids can be
coated onto substrates at thicknesses greater than the ultra-thin range including 100
microns or more.
Figure 1 shows a coating station having an apparatus for coating at
15 speedsof 1 to 2000 m/minute. A coating die 10, shown as a photographic slide
curtain coater, has an internal cavity 12. The internal cavity 12 is connectedtoa
tank 14 by a precision metering pump 16 through a filter 18 and a bubble trap 20.
The die 10 also has an internal cavity 22 which is connected to a sealed vacuum
tank 24 by a precision metering pump 26 through a surge tank 27, a filter 28, and a
20 flowmeter 29. A coating station is located next to the die 10. A continuous web
32 passes through the coating station and past the die 10 which is mounted
transverse to the web.
Coating fluid 34 is pumped at a precisely controlled rate from the
tank 14 by the precision metering pump 16 through the filter 18 and the bubble trap
25 20 into the internal cavity 12 of the coating die 10. Carrier fluid 36 is pumped at a
controlled rate from the tank 24 by the metering pump 26 through the surge tank
27. the filter 28, and the flow meter 29 into the internal cavity 22 of the coating die
10. Carrier fluid is continuously added to the vacuum tank 24 through a flow
control valve 23 and flow meter 25 from a source (not shown). The tank 24 is
30  connected 10 a vacuum source which is not shown. For ultra-thin coatings, the

flow rate of the carrier fluid is much greater than that of the coating fluid.
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10 through the coating station. The coating fluid can be coated at nean

t hi cknesses that are ultra-thin ranging fromO0.005 to 5 m crons.
Additional ly, fluids can b8 —  coat'éd onto substrates at thicknesses
greater than the ultra-thin range including 100 m crons or nore.
Figure 1 shows %Wg station having an apparatus for coati pgTASSI4879
speeds of 1 to m nute. A coating die 10, shown as a photographic
slide curtain coater, has an internal cavity 12. The internal cavity
12 'is connected to a tank 14 by a precision netering punp 16 through a

filter 18 and a bubbl e trap 7The internal cavitiesit 2andD2adistribise thencoating Auid34 andvi t y
22 which is connected, tQ . eal ed .vacyym ] nk, 24. by, recisi.on
met eri ng punp 26 tI‘F%ﬁ“’g 331#@@@15%3@#%4'9}‘&@#@ébeéwif“%sg@f"f%mter
29. A coating stati@uls: e E&a@:{; B i ‘%’Uo@ﬁlﬁﬂﬂ Weeteri
32 passes through t%%%’g ?%Sst??gt?l 9cf)-ir‘lcan pgﬁy"ﬁ‘éq‘c’ﬁ'@"l Whl C |¥ rmurPtged
transvelrse to the wkdrespective fluids through respectiveGoificesaf the slows. Jhe ceating flpeti3ht a
precisely controlled rate fromthe ; ta 14 by t recjsi tering .
DD 16, hr ough St hdlowsionthe Bt dha eaeries i 46 o4, 001 156 Sof ¢4 3pd ben Bow o
cavity 12 of the c | | :q G loSh. | 64 ;

65 ofile t@ééﬁf(ﬂ@ﬂd.@ adeSb-fhce'tofad®advin B4/ TRéfhed bieace 40 10 the

controlled rate fro e netering punp ough the surge

t ank 27. the dié¢ lip 46. Fiom the lip #6cthe composite dayePfilm fulls ih b eurtain 48 under the
cavity 22 of the coating dje | y added

) 10. Carrj fluid is.continuou
to the vacuum tank iQWFR%ﬁHjW‘H'PW‘*‘“‘BS&rtT’Eﬁ“&éﬁ/? maved (Aropgie et o

25 froma source ( @mw{aé m,n# ' Hﬁﬁ; &FX m
source which is no[égélh . #Eﬁlra- %?ﬁs%(ﬁ)lg |lr,1eé§?9t elﬂglary&f oelvq‘rsgte of
the carrier flwod icontattsthegvebei2ahe comingifluid isatjacéne theosth suyfate andds interposed

WO 96/ 23595 o o
PCT/ US95/ 14879 between the web and the carier flyid,: The coating fiuid, 34.coptacts the web. At

di stribute the coatgdgibd 4# E&IE% ite 1 ¢ Rhti bi ehid hiEheehdt h

of the die 10 and t%pﬁ%;g‘g:cgm?écgs 0528 %'S“ﬂ&héﬁ g‘thrgiaggf?gnp@ﬁots 42. 44,

The conposite | ayerapphiedtortieesieloy conti nuously netering t he respective

fluids through respective orifices of. the glots. The, coati flu.d 34.5

flows onto the top of the ca Fg?m”%‘egay%ﬁg}v.s?w lgfutﬁﬂigntyufggh§4i_‘ongnd

‘then flows on s JML-&MeﬁﬁﬁédﬂﬁidfbﬁﬂféofmﬂipBﬁfﬁaﬁ&m&eMﬁ“mtHOWH
| P

the inclined die face 40 to_the . die 46. Fromthe |ip 46, the
conposite |ayer fi |wetsurface forthe coatingwidth; SThe flpw rage,ef the coating fluid alone need

not be sufficient to form a continuous flowing fluid bridge. Regardless of whether
the coating fluid is continuous, the carrier fluid must be continuous. The fluid
bridge has two distinct fluid-gas interfaces: the coating fluid-air interface and the

20 carrier fluid-air interface. Gases other than air can be used as long as they do not
interfere with the coating process.

The carrier fluid is a distinct composition that differs from the
coating fluid. The carrier fluid functions to form a bridge between the die and the
web upon which the coating fluid can travel to transport the coating fluid to the

25 web and to facilitate the creation of a thin layer of coating fluid before the coating
fluid contacts the web. It can contain components that diffuse into the coating
fluid or solid materials that by some mechanism are left on the coating fluid after
the carrier fluid has been removed from the web. The carrier fluid can be tap water
or other fluids. The properties of the coating fluid and the carrier fluid cause the

30  coating fluid flowing onto the carrier fluid to form a continuous surface fiim,

where desired. before reaching the web. After the carrier fluid transports the
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i nfluence of gravity to contact the web 32. The web 32 is noved through the
coating station and past the die 10 so that when the nultiple |ayer curtain

48 I b 32 the-—coati ng—fturd is adiacent the web surface —  ~
and is interposed between the web and the carrier fluid. The coating.
fluid 34 c t he web. At the point of contact. apeRiERakde | ayer

of coating urd and carrier fluid has been applied to the web.

The conposite layer flows at a rate that is sufficiently high to form 15
a flowng, uninterrupted fluid bridge of conposite |layer fromthe die lip

46 to the a@m&amuéaaﬁmm ltf??ﬁoﬂeqﬁﬁrngﬁﬁo&{éﬂ%rtﬁé%gfthéhe

coating fluid one nee fclent"to forma conti nuous
flowing fluid beamigydluidisgemavess SAlbof thi carrier fluid need notderemovedpsiong as i s

continuous, the carrier fluid nust be.co uous. ..The fl ui bri dge
has two distincY |rﬁpﬂn§ggesmfg? ‘8§d°ﬂ"ﬁé Eﬂﬁ?‘?’?ﬂj“’fp{ﬁs‘ﬁcﬁﬂfdm{’erface and
the 20 carrier fluid- a'To56&&&“@6&%«:&@%%&1@53@0&%%&8'ﬁ\eﬁﬁﬁepﬂuidsed as

|l ong as they do not Interfere wththe coating process.
The carrier &I uﬂuﬁv rate ahdcmamhﬁlglnd'hbmndthmmimgt dffimpingément "ahwith the

and the % e wpariecrd e sdieed A He? msed LCaDEYE A0F SRR BARERON ¢ ho
ayer of coat i gt u"%*ﬁebf‘ﬁ% Apea e E‘*’*’M&f’%‘?a.ﬁ%ﬁ'?%h‘?’;"&‘“i‘ BB 0. 11
can contain conﬂmdemnﬂﬁaﬂ'hm;mhmdmnthe venticat obinderghe influence of sitrfecor sol i d
The. carrier 11 ICUSTSPToRs A EEHIE (b SEaHS ERghion ffies. ot asete e, B o
he carri er "% 1 PR eabbeYehyed of sfin anblEnddt Bopiohia Sopicidly i The pfp fronie 01

fluid to form adietothewebissmall.f Ateery idwispeeds, ntlsoﬁtmnecemnoade fsmall e

fg?ohl nd thev\geg?w%tt(lhe &n | chenr) Jnlul#pgng%trngtr:]ts O{ nearzero, and a minimum

PCT/ US95/ 14879 carrier flow ﬁ&&bl.ﬁamfam ebnhﬁuadaedmkbaa@é:ifreé &diain 4BbetREROME €
| ayer is deposited on the web carrier fluid is renoved. Al of

the carrier fl ulipdGansdtheweb3a. F@mvﬂinﬁ mustgpniast the web sojthat thegeating does
not inpair H‘e ﬂl?:ﬁ 'aEs%ﬂ\eg Iﬂ?er\@&; \%lﬁa{y', and t% c&a@%g?ﬁl?& %%c&fht%d by and carried
along with the web. Excessively large carrier flow rates, impingement angles, or
impingement velocities can cause instability of the fluid bridge when it contacts the
web. This can disrupt the coating, or entrain or emulsify the coating fluid in the
carrier fluid.

20 The removal of all or a portion of the carrier fluid from the web 32
without objectionable removal of the coating fluid is possible if at least one of the
following physical and chemical property conditions are met: (a) the carrier fluid
is substantially more volatile than the coating fluid and can be evaporated leaving
behind the coating; (b) the carrier fluid has a substantially lower viscosity than the

25  coating fluid; (c) the carrier fluid does not wet the coating fluid-covered web; (d)
the coating fluid preferentially reacts with or is absorbed by the substrate; (e) either
coating or carrier are gelied or éolidiﬁed at the coating station: and (f) the carrier
fluid can be absorbed and removed by contacting with an absorbing medium. If
the carrier fluid is (g) not miscible with the coating fluid. removal of the carrier .

30 fluid is often easier.
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To achi eve good coating uniformty on the web, the carrier fluid 5 fl ow
rate; the curtain height "h". and the curtain angle of inpingenent "a" wth

the web are sel ected and adj ust©d as the web sp&ed is changed. The
curtain height "h" is the distance between the die |lip 46 and the
web =32 al ong thegRadeRsek the carrier fluid curtain 48. Tm’.‘fmﬁfﬁﬂsn
need not be vertical. Under the influence of surface tension forces.

el ectrostatic forces, viscous traction forces. or magnetic forces, the 10
path can be curved or at an angl e, near, horizontal, especially whe h ap
fromthe die to the &gmwﬁﬂwmﬁﬂ'ﬂw§fﬁ°ﬁ°{ﬁﬁg‘

necessary to use a giRldorion of the GifidrTIid Bipaktibic. BLondifiafs (’o?,%& or @ﬁ are met,
and nmum car f eto

i mpi ngenent angl e near “zero, a mni rier oW Ta

mai nt ai n a cont i nucadow wieb spretiimost-df theccagriertfividicantbeldrdinedbundenthe influence of p
46 and the web 32. The curtain 48 t . coptact.the.web so that .the.cpating
15 fluid assumss (SEVBtAeEesacle Sy the Crsying hid femains onaind it eriedmvey

and carried s wWiiP(he wib! Grivigy dﬁﬁggﬁ?é‘é@&%iaﬂ?Eﬁ'eétﬁé_ﬂ?!o%?sfp&éd%ﬁf&:ﬂﬂions
rates, inpingenent angles, or I pi ngenent vel ocities can cause
instability of the (b).¢)kanst(ghigre maic At highenspeedst a gasidoctor nozzle. wadh asBniair can
di srupt the coating, or en rﬁ'n ?Ir enqulsify the co?ti ng ng@%n thi'
carrier fluid. 20 dociornozzle >4 as shownh Eigurr}, can sypplement gravity drainage, A jgt ofp, o
carrier fluid from 5 i : ' ' R b he
coating fluid is poésagisﬁ}‘%&ls??oa{rtl t”eenggwgﬁgwg?n?ﬁdg?ﬂé:ﬂﬂ%h#&gltf oW ng’l’éﬂ;?&}cm
and chemi cal properfluid offnh webonAt high speeds. thexdanmidrfluikheanialso belthriosvn offby i s

PUbstanC 1l | T Ll Bkt B S e sl W gt

substanti al |y | onergpilishgnéeprofinan the 25  coating fluid;, (c) the carrier
fluid does not wet the coating fluid-covered web; (d) the coating
fluid preferentially reacts Wurprisingly.sspecially iwhen the cobtingsfltid on sheowel is)less

ith ti i J.ed.qi. solidified at th t
O and (o B B a0 o B8 0 52 it Bt o SRS
contacting with an s%blsﬁh'w,dﬁdéthmcﬁlﬁma#’or%%ofﬂlbﬁarﬁafﬂuiﬂflcd‘vi | tHe briajority, Not

mscible with the coating fluid renpoval o e carrier 30 luid 1s often
easi er . 15 often all, of the coating fluid on the web. -7- VO

96/ 23595

PCT/ US95/ 14879 In one example, the coating fluid is deposited as a layer at least 100

times thinner than the carrier fluid; the coating layer has a viscosity at least ten
times higher than the carrier layer; the coating fluid has a vapor pressure less than
half that of the carrier layer; the coating layer has interfacial properties such that it
20  does not de-wet from the web while traveling through the coating station; the
carrier fluid has interfacial properties such that it does de-wet from the coating
fluid-wet web; and the interfacial tension between the carrier fluid and the coating
fluid is greater than | dyne/cm.
Anocther unexpected feature of this invention is that if the carrier and
25  coating fluids are immiscible and the viscosity of the coating fluid is higher than
that of the carrier fluid, the flow of the carrier fluid can be allowed to become
turbulent. Previously, it has always been taught that for the simultaneous unmixed
application of multiple fluid layers to a web, both layers must be kept in laminar
flow in their respective slbts 42 and 44, and in flow down the die face 40. The
30 flow down an incline is transitional if the Reynolds Number, Re. is greater than

1000 and is laminar if the number is less than 1000. For flow down an incline of a



A nunber of alternative nechani cal nethods of renoval of at |east sone
portion of the carrier fluid are possible. If conditions (b), (c), or (d)

ar e"Tet. at T ow web speeds nosi—of the carrier flurd can be drained
under the influence of gravity into a receptacle 50 while the coating
fluid remai dis carried away 5 wth the web. G avpdyushsaagioode i s
especially effective at | ow speeds if conditions (b). (c). and (g) are
nmet. At higher speeds. a gas doctor nozzle. such as an air doct or

nozzle 54 as shown in Figure 1. can suppl.enent gravity drainage. A jet of
gas 52 issues fMewrohian, nonshedr thifining flnid, g Reyackis Nuntbel isgliven byt Re4G/ae t he

carrier fluid aof f the b. At high speeds. the carrier fluid n al so
be thrown of f DYyhare remﬁmmﬁgmmmewwm ?ﬁacwwagrs}ﬁwmw@%e

di rection when Ng | r

Sur pri singly, eﬁsdgae'cfgﬂdy eno_t?ﬂ'lg %egg@?%*&hgﬁﬁf%@%@ %gp%/\%ell)o‘ivy?%tsos

tEan )10 mcr ona'e?]lhindhnimgd[-‘m'(sluﬁ 42,44, ﬂ\b){ejrf]mldﬁﬂuﬁibm'ad?ﬁmﬂ byahe eq\mi()ﬁ)t g
shown) , suc S ades, can renove the majority of the carrjer ui

| eavi ng the -"naju%ﬁ({%‘; tg} waﬂ%mmte%&ws M&mgomnaf may be ohwingd ol

I n one exanpl e, CRafi fltd ql 84 .0 ' 0

ti mes thinner t'ﬁfgﬁsltehe c%deéﬁ#lf}?‘l E:Is Pﬂgﬁc‘lgg{! it]?}cém?%ﬂ?g?éﬁl{]rgghéﬁl\? ?%:lgélgt y at

| east ten sometportiungfdie damder fluidisprsduced by dudinage by blowingigofflwitld has a

vapor pressure |ess fhan hal f that of the carrier layer; the coating
| ayer has inter‘LﬁMWWHﬁﬁlﬁﬁ‘es such that it 20 does not de-wet fromthe

web while traveling thro qﬂﬁ‘? h QN ' ui d
has interfacial propertigg'h-sch%ﬁ'gt a B??sr@%@%ﬂ%&ﬁ%ﬁ@lﬂ)ﬁl{lﬁ%ﬁﬁ%ﬁ%&
fluid-wet wvisb: tade di€¢0 by tierhetering punsy 6. cTheéméanahitkhéss of theiwet codtingion and

t he coating fluid.is greater thap.1 dyne/cm . . . .

Anot her unexpeéf‘%ﬁ'e?ggf‘ﬂhéplg?"m‘yﬂwg%iv eof cpaping fuid delivered pegunit§ o5
coating fluids ividel 56 Barkd\6F 'lﬁﬁﬁ [ : o i dis

hi gher than tf}m@(thhat g?u?hsg”@ar rver % ul 15%@“&()%&39. m&gcbgyrll ? fluid
can be al | owed cootifnmns web, this area willleghaiithe cdated widthsofithe web maltiphieddy shdeen

R Lt i SR ot BB S r R ol 2
ul ayers to , ‘ow I n
their reSF)efStiV&n%@ﬁ&g@@pﬁﬂéﬂ%ﬂl@cﬁaﬂ?ﬁ%ﬁ%{%ﬁ%ﬁ%?ﬁal‘égwé‘gely-rhe 30

flow down an incline is transitional” if S IS greater

t han 10(Ropartionally bishanging the web speedi b the web spesdivaties witbGimerthe 1 | ow
down an incli neco%nfdeposited can be kept constant by varying the coating flow rate in -8-
proportion to the web speed.

Figure 2 shows an altemative coating die useful for coating at

20  varying speeds and preferably above 200 m/min. The die 60 is a multiple layer jet
coater. The die 60 ejects a free flowing jet of fluid 62 from the die slot 64, which
receives carrier fluid 36 from the cavity 66. The coating fluid 34 issues from a
cavity 68 and a slot 70, and slides along inclined die face 72 until it resides on the
jet of carrier fluid 36 emanating from the slot 64. The composite jet 62 of two

25 layers is formed at the exit of the slot 64.

A jet coater creates 2 free flowing jet of fluid 62 that issues from the
die slot 64 at a sufficiently high velocity to form the jet 62 without the aid of
gravity. In contrast, curtain coaters use gravity to allow the curtain 48 to break free
from the coating die lip 46. With a jet coater. the fluid carrier bridge or jet 62 can

30  be created horizontally or vertically upward. Jet coaters have been used in the

9.
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PCTAUS95/ 14879 Newt oni an, non-shear thinning fluid, the Reynolds
Nunber is given by Re=4G m where Gis the nass flow rate per unit
width of incline and mis the viscosity of the fluid. For flowin a
sloi. the Reynolwesbessesr shoul d be kept bel ow 1400 to r e MRCT/USSSITS8I0 .
For slots 42,44, the Reynolds Nunber is defined by the equation 5 Re=G'm
Still another unexpected feature is that thin coatings nay be obtained of
m sci bl e coating and carrier fluids. In this case. the nechanical renoval
of at |east s coating dadustry toxdpplyhenly singledayefs and andre comnxbnlyewd applydr ai nage

-by bl ow It f wth . th tor, | e 54. L.
The coat i ng 1 ui o Sgodias REsasting i web BefferbmFute tyh Gihaep o bladeof ablada o (o
the die 10 by the ggpfi&idsioshawiilin iHe-"BldtR CTR@SbNICUnvktiRg MathideRPaniSystepr® i NT

on the web 32 will ap&rcom mat el y e(iual the vol uhe of coating tluid
del i vered per uni t brochure#23:6Mi & idcibyith\Bladk-Clawsdn{Company of dNew¥orkuNew Ydrk.c h

it is spread. en.coating a continuous web, this area w,ll .eq .} he
coatod width of 5t hAStReReTDRYS 'b‘?‘ibs'if'W&f‘?fe"m‘?““m%@ﬁ‘"gﬂ%'ég?ye'rﬁl’@wéﬁ%‘b@'é‘asy
-adj ustment of the gPRLIGE MARpleMyeOTMAd biPdwest €. |t 15 can be changed
proportionally by changing the coating punping rate or inversely

proportional |y by changi ng t et coatérs.slescrtbed irf capendingb.S; Patedt ApplicationSerial

| h ' ' K ing th
coating 1l ow rate Mo O8SEEER BRI IGpIE FBYer EpadnEiismot.-'se disiiuished from
Figure 2 shows an ﬂbi&rémwﬁcm&idqﬁe%lﬁ)ﬁ?wa fra¥st, APk bOderditheBaprar yi ng
speeds and preferably above 200 mimin. The die 60 is a Tultiple |ayer jet

coater. The di ¢060between thegosterkipsiand therwely is usuaily greated tiem e times the thickness ot

64, which | ' lui d 36 .f th ity 66.,.Th ti
f1uid IC%ACl i ssuesr1? ?g*ﬁ\‘g%‘ﬁ: 5{,%%?;%%’1‘{'8 a‘ﬁﬁb';ﬁgsﬁf&’g‘?ﬁ%{ﬁg‘%? flalégaetﬁ&ﬁﬁgl "
inclined die face ¢gmpat Ithéaiem%r#g%remmh%ediesobﬁigeiezsgqriFMB shows How 6

nh
emanating fromthe s| ot g4. The conposite jet 62 of two ayers is,
formed at the exit flyid Rows fsoraa sk die when not in close proximity torthie avebe Jhe slot die 88t e

a free flowng jet L 1] ' i at a
sufficiently high \%%{‘%‘W E%ﬁ?ﬁéﬁﬁ?méﬁ%{%&f%ﬁgf@t 8t inuicn
gravity. |n consrasbatingl it isusuallp pbsiticnedo tigat theidie/slor824k honedntad. Thus, den 48

to break free fromthe coati die lip 46. Wth ajet coater, .the
fluid carrier bri dgemmsrﬂ"é‘! 86 iasuing, ro the dic sfog §2 will Awivshicelly Fromhe die lip 84

vert ically upward. af glowiiR it Wet 1 Y aWaf Frohthe diel SbifEtimes, the fluid will run down
the face 85 before breaking free from the die body. . With a jet coater the fluid will

jet from the die lips with a velocity great enough to form a fluid sheet with a top

20 and bottom free surface immediately upon exiting the die slot. A distinguishing
feature of the jet coating method is that it can apply fluid to a web at some modest
distance from the die lips relative 10 the thickness of the fluid jet sheet thickness.
Importantly the flow is great enough to break free from the die lips unaided by any
other forces (such as gravity. magnetic. and electrostatic) and form a free sheet that

35  moves for a measurable distance horizontally away from the lips.

To apply ultra-thin coatings with a jet coater. a coating fluid is
metered to the die 60 and flows from the siot 70 down the die face 72 and onto the
carrier fluid 36 jetting from the slot 64 to form a composite layer free jet 62. The
jet forms a fluid bridge between the die and the web. The angle of impingement of

30  the jet 62 with the web 32. the carrier fluid flow rate. and the web speed are

adjusted such that the coating fluid first contacts the web 32 and is carried along

«}0-
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PCT/ US95/ 14879 coating industry to apply only single |layers and nore
conmonty 1o apply a fl 6oding of coating toa web before netering by a
roll gap or a blade of a bl ade coater as is shown in the "Bl ack

Cl awson Conyed dd Machi nery and Systens" brochure #23p€ivusddnests by
the Bl ack C awson npany of New York, New York. 5 Jet coaters have not
been used for sinultaneous nultiple | ayer application of fluids to
produce nmultiple layers of fluid on a web. Jet coaters,
described in coaRMH Web Withbut Batfing ARtk BholRl ofodir betweerl e cOfing82. 963.
entitled "Multiple Layer Coatl ng thod." are distinguished from sl ot

or extrusion cfuidand thewethandf withounimixingthescoating Suid with the camrienfluids. t he pp

10 between the coater |jps and.the web.is usuall reat er. n ten times

the thickness of tife %‘hf%ﬁpép"%m'f"é&“f °{%%aﬁﬁﬁﬁ“ﬁ1‘§‘ econd

difference is kﬁdnkﬁubéﬁf&.d}xpidlhy spr&ﬁmmmtshﬁaéyzaa%ﬁ fluidj#e 2 With the
ow

die 80 of Figure 3. Figure 3 shows fluid flows froma slot die
when not i n5 cl eppargussshowntiy Figure icanbeused:h With this agipara®s. a flat expense afi

o S oat i oo Ry s AyHE Eeated b poingigh carion fd; 6 R piepa¥iey 5% oF 5! "
hori zontal . Thy.90! {heough the &ie3lot 941 ahd Wt RE dieYack 980 FHeid faee 98afid Fp98 82

will flowvertically fromthe die Ilf&84 as shown if the web is far
away fromthe etealesigned:toicause the ¢agridrifividi36d flow undexebminfluencetaf gravity go 85

Pet Trom tne dfhedif e o8 St whichtGular aprdine bR RSN e 17 18 cheer
With a topig0 cayiflg niid s\ ERRiBd DY drbBFEsH EhnlindRR%reith bhidint Ne di e

slot. A distinguishin feature of the jet coating nethod is that it
can apply fl ui carrier fluidd6 surfacedym nogzled00. The rateiofflomofthe camier fluidand | i ps

relative to the thickness, of, the.flui.d jet sheet .thi ckpess. .

por tant |y ¢ nipe STERG 8 10é BF gomibiich e gier britete s i imaving web s
unai ded by any surface miét besufficiet @6 adhieielihdesired vbverageagneti c, and

el ectrostatic) and forma free sheet that 25 npves for a neasurable

di stance horizontal |y awiiany differemtdeyiegssean be used to form the composite layera dy| y
L 0150 kB A g o i i 1
carrier fluid dGloteodtingmpparas,taljet cobtivig dppatas] or aroll coatimpapparatisxanbef 1 ee
e T il o o o o0 L o
flow rate and il #HofiiRF 8 Yell HRfore contacting the web, as shown in Figure 5. The
carrier fluid 36 is removed from the transfer roll 74 and the coating fluid is
20  transferred to the web 32 from the transfer roll. This is accomplished by
supporting the web 32 on the roller 76 which forms a nip with the transfer roll 74.
Some portion of the coating can remain on the roll 74 surface after transfer to the
web at the nip between the rolls 76, 74.
Another variation of this coating method is shown in Figure 6. The
25  composite layer is formed on the die 10 and a liquid curtain 48 is formed from the
die 10 a transfer roll 110. A precision gap 112 is maintained between the transfer
roll 116 and a web transport roll 114, which rotate in opposite directions. The gap
112 is adjusted so that a second liquid curtain forms in it while allowing all of the
composite laver on the transfer roll 110 to pass through the gap 112. The web 32 is
30 also carried through the gap 112 on the surface of the roll 114, and the liquid

curtain contacts it so that the coating fluid 34 is interposed between the web



adj usted such that the coating fluid first contacts the web 32 and is

carried al ong L - 10- VO
96/°23595 '

PCT/ US95/ 14879 with the web without entraining a detrinental anount
of _air between tlhgodaads N9 fluid and the web and w t hout rRCI/URIS/A4829
coating fluid with the carrier fluid. If an ultra-thin
coating is preformed of a coating fluid that spont aneously and rapidly

spfreads on the free surfacge of a reper fluid, the a ratus s in
Figure 4 can be us .%?ﬁ%‘f@%’?ﬁa‘ﬁ é&'ué?“?fws'&gﬁﬂseéﬂggomMcgﬂﬂh@%jﬁg
carrier fluid is creat ' bR hesupfacs ' q10.YRS
of a di e 90. tﬁ%‘ﬁgﬁﬁ%‘%e g| eﬂ@?gﬁ&ﬁﬁgﬁglﬂéﬁo thgf%liéga?gggeﬁga Tr}e

die face 96 and |i premdved from shectrahsfer qpibsirface bya doctohbladenl 16 and drdins intcathet o
fl ow under the infl uence!gﬁog? avi t

) .t die |4 fromwhich. it
falls as a bridgi nd*€iwHe )i PW%‘gﬁemﬂlfbﬁdggé?¥$ﬂ'&Pﬁ? 81 is
deposited drop hy d§GR waf web sitee Bhd H4emovet HyARI AU air doctorGdEle 84
fluid 36 surface by a nozzle 100. The rate of flow of the carrier fluid and

the time of travel drainitgdy gravifyriviothéireckptadieS@arrier bridges to the noving
web surface nust be suffjcient tp achi eve the sired.coverage.

Many different devices can b MVF’S‘Q“&?E*?&%‘@W&?&“&‘_ Ey%?‘,‘mﬂ?ﬁ?““ﬂ'i de
coating apparatus, TheCrHEtEﬁhﬁhﬁ%?@féaﬁ%r‘%ﬁi?&ﬁﬁs!é&a@rht%?ﬁéc%‘ién%ﬁﬁdéaltzt)'wtween
appar at us, a slot coating apparatus, a jet coati n? apparatus, or a

rol | coating appar ahetipd2?ofzdie 124 and the. surfacei afiadransfey rolk 26. dbarausferaoll g6y
can be deposited on a transfer surfa . ch as roll.or a bel

before contacti My tME&R ougly cary} '&ﬁﬁﬁ%}ﬂ'ﬁg%’aﬂ?@ﬁs' b""@%ﬂ"eefc‘?sf&ﬂ the g
i's removed from t hegdy 1205 fTRE codting fiGid 3918 pubifped RAthe Gik davidy ¢2 aid élfits from the

transferred to the web 32 fromtne transfer roll. This is acconplished by
supporting the web 9@ 43through amotifice ango theidifare 3§s1t flows downithe kim 122 angdrontee

O T8 aver «omeRPR By 3o S 30 AR 1k MiniShh e 1 on
74. the transfé¥ 161 126. AFrecidion gapOf32tib nfaimainéd begwesi the ctansferabldwn
in Figure 6. The 25 conposite layer is_formed on the dje 10 ,anq ‘ﬂ:el i quid
curtain 48 is f &% neléandthe web transport roll 134 which rotate in opposite directions. ga
132 is adjusted so that a liquid curtain forms in it while allowing all of the
composite layer 130 on the transfer roll 126 to pass through the gap 132. The web
32 is also carried through the gap 132 on the surface of the web transport roll 134,
and the liquid curtain contacts it so that the coating fluid 34 is interposed between
20  the web surface and the carrier fluid 36. As the composite layer 130 exits from the
gap 132, some of the carrier fluid may remain on the surface of the transfer roll 126
and drain back into the pan 128. The remaining carrier fluid stays on the coating
fluid wet web surface and is removed by the air doctor nozzle 54, draining by
gravity into the receptacle 50.
25 The coating fluid should have a combination of interfacial
properties and viscosity so that it will not de-wet from the web surface after being
spread over the surface during transport through the coating station. Examples of
coating fluids coatable by this invention are monomers. oligomers, solutions of
dissolved solids. solid-fluid dispersions. fluid mixtures, and emulsions. Such
30 fluids are useful in producing a wide range of functional coatings on webs

including release coatings. low adhesion coatings. priming layers. adhesive
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die to a transfer roll 110. A precision gap 112 is maintai ned between the

transfer roll 116 and a web transport roll 114, which rotate in
opposite directions. The gap I1277s adjusted so that a second liquid
curtain fornms init while allowing all of the conposite |layer on the

transfer rQldoshdsdst 0 pass through the gap 1 12. The web 32p¢rushanesml so
carried through the gap 112 on the surface of the roll 114. and the liquid
curtain contacts it so that the coating fluid 34 is interposed between the

web - 11 - WO
96/ 23595 coatings responsive to electromaﬁnetic radiation or electric or ma/gsnetic fields. _
PCT/ US95/ 14879 surface and the carrier fluid 36. the conposite

| ayer exits frRSpieetise cgatingsy opticglly activegoatings,andichemiscally activercotingsd nay

remain on the : : S, : ved fromthe
transfer roll éé#'i‘gsg ea(g{/b%&g’c}@{'%{r&&ﬁgeaé‘%é%&éﬁ&véhﬂ'ﬁ'én nga?ﬁgm

recept acl e 50.pridits satipusipréssupsosensitive ﬁdhehib@t@ai.g;h%g hicdil®S, magheticon the
coating 5 fluid wet web surface and is renoved b e action of the air

t
doct or nozZ#l e reeprding tapgs..gas, mmyn@mmqes.irnﬂcptiomﬁ/qeﬁoepnchsigning,o.

Anot her ver si . f. Figure 6,1s sh in Figure 7. The
metered | ayerqg?ﬁ%}i?&?se'ﬁgﬂt’)%iﬁéﬁ "éestﬁﬁgﬁﬁc?laé?s‘ sion orifice 120
bet ween the 1ip 1277hi intertion difféls fom subfacééiphisioh Mbthdds inahial er rol |
126. The transfer roll 126 10_ rotates through carrier fluid 36. contained

by a pan 128. SUFfpcesxpansion techniques require an immiscihlexongog flwidoradltidng 1 uid 34

I's punped to t Js | | i fromthe .Sl ot 42 through an
orifice onto tcﬁgmg‘ﬂ@ {bggéelhé‘gﬁfg 9‘%?‘2‘%9{538\%)??%\‘% ri‘ﬂéﬁ'éﬂffaéﬁﬁfa t he
carrier flid ndfr aagnaht posl dwitterodrentelulftaiiin fidhebPedatifyVi TRe MOSRES te | ayer
130 on the transfer roll 126. A precisi on.h?ap 132" i s mai nt ai ned

1

bet ween t he t MaMeHis¢oversd thatshe coating Auids.rhothymiscibleandimmiscible) canflowwhi ch
rotate in oppQS ' ' ;h&ﬁlé . ) s ' . t a
liquid curtai %ﬁ*%t?%gﬁ:{i‘%%l ltf Q\?’Vﬁ’lvn a og\lnuhdgaseﬁn l\ﬂ%?thgig?ﬂ’inuﬁ&ﬁg%oﬁ e |ayer
130 on the tr anhdnees the kange oF fluid qoatingstthatemybe ¢datedy Alsd, I thisTin®enion, the 32
Is also carried.through the 132 on the surface of the web transport
roll 134. °“n§rf8"lpg§‘tq h&fﬁggﬁﬂ ﬁ%‘f"l‘?g 'GH'EélE'ldﬂe and issransfarred tocthe wabi ng
fluid 34 1 g | BuAROSRA tRedEE : b surface and the carrier fluid
36. As the conposite Fayer 1381ugllstréﬁ§¥ég§nthe gap 132. sone of the
carrier fluid may renni Thizinvéntionmakespossiblethigh toating Spseds inl dxcésa®f 500

meters per minute. Known expansion techniques are limited to less than 50 meters

per minute, an order of magnitude less than this invention. With expansion

techniques, the coating fluid is deposited onto the web directly from the surface of

20  aliquid tank filled with water. This water is a fixed volume, relatively stagnant

pool. Contamination of the water with the expansion method is always a risk. With

this invention. the continuous flow of carrier fluid helps avoid this problem. Also,
with expansion techniques. a solid or near solid film must be formed on the water
surface to allow pickup of the coating by the substrate.

s This invention differs from known slide and curtain methods as
follows. The coating fluid and the carrier fluid flow together to form a stable,
flowing composite layer with a free fluid-air surface. This layer can be
simultaneously applied to a moving object by forming a fluid bridge to the object
made up of a plurality of distinct layers even when the fluids are not miscible. The

30 photographic and graphic arts use simultaneous multiple layer coating techniques

but not carrier layers that are removed at the coating siation. Additionally, the

13-



and drain back into the pan 128. The remaining carrier fluid stays on the

coat:i ng fluid wet web surface and is renoved by the air doctor nozzle
54. drai ni ng by gravity 1nto the receptacle 50. 25
The coating fluid should have a conbi nation of interfacial properties

and:viscosity squdémbsost Wil |1 not de-wet fromthe web surface aidrausokrnisng
spread over the surface during transport through the coating station.
Exanpl es of coating fluids coatable by this invention are nononers.
ol igoners, solution sol i.ds | idsfd uid.di spersio

I Ut xt ur s, andirime teashes e 58 sSBES s Sormlatio of s RERS il be
wi de range of funCthﬁH&iﬁle Cl?ﬂ&ém&yﬂ'@nbﬁﬁéilythesameédlwhﬂ@bﬂﬁmh@'@ﬁéﬁ

coatings. |ow adhesion coatings. primng layers. adhesive
-12- WO 96/ 23595 e literature teaches that the interfacial tension between the

clectric o magnet BRrEAlds Ve SR ARICRbIY forf S RPARE Ehiiod BeAdeeR

coatings, and cheni Rgérsshadd bvenlqeaghﬂ}gdifferem Withais invemiomaehe ierfidialtension
i nvention are expected to have utility in manufacturing roducts such

as pressure- sensut|b@waqh@sucwewpﬂetbecw\ms@gmfmeémqu:g}nmmnbl@ arg the
di t f| t d
ool o oot nos - R o aihE e FREBRANG Fird Sigfig e e IS Stfiiedbdar”! 011 1O

This invention differs from swHeaafultiple h?&ﬂﬁi&e%?&ﬂﬁﬁﬁcdaﬂnﬁl%ﬁised the lietdkdrece:
expansi on techni ques reqw re an inmm scible coating fluid or a fluid

cont ai ni ng some i nsterehss thag alljayeesflow inca laminar.streamlinegd mannen tgimaintginghel over

The i nvent ors. 0" e84 afleslf® a8 8 fold SRIe s, Wity it oo 6 R cn
and imm sci bl e, canremafy\anmixed @véndif theariier flaidbefdmes tiidvlent carrier fluid as
an ultra-thin or thin fluid I% Thi s enhances the range of fluid

coatings that can be coated. B multiple laver slidocuriaignor slojcoating methedsase used.,

conposite | ayer f of s ferkehthel ihel ritl AR bfrohA62B5HoeH hijiechPrbfde e

15 surface; then t carrier
i nvention makes poskydrsde modirgerthin t(Q)terlmadamsingﬁedambedﬁnﬁBmanOlnimbnrs

per m nute. Knov;/? e{'ﬁﬁ ?EJe%Hoﬁ %&2 rx!alm S 0 uf;j1 {oel do dHOttg q an8 smglse ayer &ckigssenﬂse
as 0.005 micron. Known slide, curtain, and siot coating methods can not coat a
single or multiple layer coating which has a total wet thickness of 5 microns or
less. This invention can produce single layer coatings of 0.005 to 100 microns.
When the known multilayer slide and curtain coating methods are

20 practiced. a composite layer is created and deposited on the web followed by a
solidification, gelling or drying process. All layers in the composite remain
together on the web as it passes out of the coating station. Nothing is removed. In
this invention, carrier fluid of the composite is removed by some mechanical
means after deposition of the composite on the web and before leaving the coating

25  station.

The invention is further illustrated by the following examples.

E le I Ultra-thin Coating of an Immiscible Fluid
Using the slide curtain coating die shown in Figure 1 an ultra-thin

30 coating of a synthetic oil was applied to a polvester web. The coating fluid was

Mobil 17, SW-30 motor oil manufactured by the Mobil Oil Corporation of New
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per mnute, an order of magnitude less than this invention. Wth expansion
t echni ques, the coating fluid is deposited onto the web directly fromthe

surface of 20 aliquid tank 11lled Wth water. This water 1s a fixed

vol ume, relatively stagnant pool . Contam nation of the water with the
expansi on NMyydeghakgs al ways a risk. Wth thi s inventi onpct/osesngewi nuous
flow of carrier fluid hel ps avoid this problem Al so, W t h expansi on
techni ques. a solid or near solid filmnust be forned on the water

surface to allow pickup of the coating by the substrate. 25

This invention derkeNcwaorlm kmmmuzddiuisom;dwwtﬂhpraméwmﬂbstmmm of

Stable, 1 AsEng e anfesrueh sS4 (s dnck) wides Y midton (it fef”?h?s
i E?.”dgitothe B%”“E’a“@ﬁ“‘“‘rﬁﬁa* SO0 N W i MUSuBRED 7

even when the fIGZmﬂpameSncHauthndsbn Tﬁheaﬁﬁrﬂmﬂlused)gampmtarﬁbngdnphl c

arts use simyltanequs hultiple | gyer coati t echn S, .. but_ not
carrier IaygL?ls t'ﬂ'é‘!'c‘gf“ew?‘%‘?fﬁ‘?ééf %WW&%&Q&'@“%?%‘?‘%’“&G@‘PY%é'i.l\ey, t he
WO 96/ 23595 ate lied at a tem o

PCT/ US95/ 14879 W rwassu grleataurae teacﬁms‘)ftlrslgtctt%avﬁug?‘dd egaﬁsmgnts In the
formul ati on of tmwdaymmehbmﬁnbmegabMMl bl e. Indeed they are
normal Iy the same sol vent,.,commpn

ter. . €,
literature teaches that tH'éhccmwi&smgpwt@ﬁmmmmermsmérnavesed

fluids be very | f e .acent 5
| ayers shoul d betﬁé(l)\&?d%‘s%l | EE *“y vgf's??mrtg%o Eﬁu‘?‘l%?‘gafﬁvgﬁt%@eﬁ
interfacial l0en51|367i5127CJletMmz.ﬁﬂgpmnetesrpumhdsedlfmntmamm Instouméner r ed
i ffer widely t SawRtion of HABEH: PapsylupniaToe iow hom the vessdl was pumpepi s
mul tiple |ayer Srogiessive &Uﬁ}ﬁdﬂpﬁﬁﬁél I13558)-AAAd MJyH@"‘ dlsdn% &f the Robbins &

teaches that all layers flow in | am nar, streanti ned manner to malntain
the 10 |ayered Mmcgmnuot‘s;mgﬁew.ﬁlm n'EpobmnIaarjnansnsealtlhoughthls

i nvention, the fluids can i n unp xe i.f .the carrier fluid
becomes t ur bul e stwasmnreverseof% m%ﬁ? t R I8 ifsTotor was rofated ¢ 4
or slot coatisng dﬁb&iﬁdﬁ‘tﬁdﬁaﬂmnmnonaﬂd\%tbéwws fioﬁ?&b%cﬁuﬂ%eskéle

rati o of thickness of top-to-bottom adjacent fluid | ayers be no | arger

than 100 to | arfrongh $henpmmal Moo discharae port thsoughahe pymp anshout fom thei s
![m/ﬁntlon uses rgld Sienftg. 'Hoth thelflitng 4% Wiled NG diolgh § ohSURE sdaldddieS SeS s

tank. through a fine filter, through the discharge rotometer and into the coating die.
The inlet flow rate was manually adjusted by a flow throttling valve at the inlet
20 rotometer inlet. The vacuum vessel water discharge flow rate was controlled by
the speed of rotation of the Moyno™ pump and monitored by the discharge
rotometer. During operation the inlet flow rate was manually adjusted with the
throttling valve 10 match the indicated discharge rate The filter used was a
disposable filter capsule. This was purchased from the Porous Media Corporation
25 of St. Paul. Minnesota. and it was identified as part number DFC1022Y050Y. rated
for 5 microns. Vacuum to the degassing vessel was supplied by a water ring
vacuum pump. model MHC-25 from the Nash Engineering Corporation of
Downers Grove. Illinois. The carrier water flow rate was 2910 ml/min.
| The coating fluid was supplied from a 60 m! syringe driven by a

30  syringe pump at a rate of 0.2 mi/min. The pump was a Harvard model 44,
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as 0.005 mcron. Known slide, curtain, and slot coating nmethods can not
coat, a single or multiple layer coating which has a total wet

t hi ckness of 5 microns or ['ess. This invention can produce single

| ayer coatings of 0.005 to 100 m crons. When t he known

mul til ayer sli dewa tain coating nethods are 20 practiced. perosysnesypt e
| ayer is created an eposited on the web foll owed by a

solidification, gelling or drying process. Al layers in the conposite
remai n together on the wehh as it asse t he cqatjn tation
Not hi ng i s renoved. Hrqgrammagletsp;pggqpm %33%‘?@ l‘ﬁpﬁaﬁ;ﬁ*ﬁ%ﬁm St e

i's removed by somne W fSouthNaﬂB@N@as&Eﬁ@sEnéjepos't'on of the conposite
on the web and before ea\}% the coating 25 station.

The invention is further ill uduringedating, theslidoturmin copting diepraspositioned above
Example 1: Utra-thin Coatin

| |
Usi ng the slide curt%W%%&fﬂIléggttﬁmﬂﬁa i dh quappc!}' cally. it yps,loggped so
f
Flu d oms o Nobi 1A P urRGIE, A2 rin BB MY Rin thpingfl Gy R et e,

Cor porati on of New roll at an angular position 310° measured clockwise from the top of theiréll. The
WO 96/ 23595

PCT/ US95/ 14879 impingsment aqgle. 43S approximately 30% (This angle simeasured bgiweep the
its supply tenperat Wygqiland 2 line t@éﬁﬁ’("t&l&wﬂw Mﬁetﬁ'dmt"&moﬂiﬁé of theZcufrtlin( 6

inch) wide, 35.6 mcron (1.4 ml Scotchpar[err] polyester film
pur chased from M nneandubeMbnTlgpdm&cb/&ﬂufaam&mdnganangle oCSiﬂ:fmm th:fhtﬂzonta!

Paul, M ta. Th fluid ter f
i i pal v et WupgTy copR b i valR et 285 ROWEF o et M Sios idthres 24
water was supplied %Wﬁ@ﬁﬁﬁbﬁﬁﬁﬂo@agiﬁra{%ﬁﬁg ﬂﬂdﬁnﬂﬁﬁ%eﬁ'%ﬁi%l’é}lﬂ

vessel operated at pressure of Hg absol ute.
The carrier water fland763micransrespectivelisd Thediameter of the goating rolb 58 wag 2.5 cm.

(1o yacuum degasei ng vessel W EABEbIh e h b ot R 50
| nstrunent The carrier fluid was simultaneously drained by gravity and blown off with an air
1S knife. The air knife nozzle gap was 152 microns and the nozzle pressure was 140
Kpa. No edge guides were used, and the width of the composite curtain at the
contact point was wider than the web.
When the coating fluid is distributed uniformly across the web as in
this method, the coating caliper may be calculated from the coated width, the web
20 speed and the coating fluid flow per unit width of slot. At the indicated speeds of
45 and 73 cnv/sec, the coated calipers were caiculated to be 400 and 250 A
respectively. Visual inspection of the coatings indicated that the coatings were

void free and uniform.

25 E l ,:l“ -I. C . E I . .ll El.l
Using the slide curtain coater die. and the coating fluid and the
carrier fluid deliver systems described in Example 1, ultra-thin coatings of a
polyglycol base coating fluid were produced. The coating formulation consisted of
the following weight %: 90% pdlypropylcne glycol. 9% of an epoxy functional
30 silicone fluid. and 1% of a saturated solution in toluene of fluorescent Yellow G

dye.
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Corporation of Hatfield. Pennsylvania. The flow fromthe vessel was punped

by a progressive cavity punp nodel 2L3SSQ AAA, Moyn[err] punp of the
Robbtms—& Veyers Corporati onof Springfreld, Ghio. To obtain a vacuum
seal through this punp, it was run reverse of its normal operation.
That is, ﬁ' was rotated 15 opposite of the standar sgctiusssiesmn and
wat er was p romthe vacuum vessel t hrough the normal Moyno[err]
di scharge port through the punp and out fromthe feed opening. From
the punp, the water flowed through a one liter seal ed surge t ank,

through a fine filter, thrdhglpolybmpdlencghmddmdanmmgcmahdulhnwoighhdw&i ng
di Th | et . fl | dj d a1 hrottl

0 et et B SR b P R il S e K thar go
flow rate was CO%:EH 1idH PAB0O. ’I‘he eﬂoﬁ? fisiefi6khl Sllicond B lavAbRS folrh the\Gurepdier I ]

punp and noni tored t he di schar rotonmeter. During operation the
inlet flowrate Mmﬁmpa-w gt rchWtYlorlt.mdcr the designation GER30Q:aThe: t o

tch th di_cat t Th f | t ed di bl
[Tl Cor capsuld et e sion @i h@é&pﬁ@ywﬁv’%ﬁmﬁm oh 25
of St. Paul. M nnagRaG di‘é‘d Thi sk¥afatdd s fiitioh WaS caffechdity dieaiimg d2YCBOY.

rat ed for 5 mcronS. Vacuumto the degassing véssel was supplied by a
wat er ring sobution aftgn atiowingahie exdesilyepafticles to Isenlt\lmsﬂ\e Enmm@@ thermixing

Cor por ati on of r ove. Illinqi ecar ter f.low.rate
was 2910 m /nin. vessel T Yeitow dye '"P'?ﬂ'éc‘egs'&’%sﬁ'ﬁ CRABHPRAT f r om
60 nl syringe d“MﬁiﬂabEal?fgnﬁQ Tﬁi\é%ﬁﬁWv&d’sﬂ&Sfﬁ’&ﬁﬂ"@ The The

punmp was a Harvard nodel
PCT/ US95/ 1487® suﬁacetmmWMﬁtwﬂdeWmdﬂWcmﬁ 1 144T as sold

by the Harvard t f Nat i ck tt
Duri ng conting. the ol ide &HisfiRmple: e G whtreloraied s 7 ppeifionAbeia s S8 '
coating station nlede B8 chrtdih BEfghi ad 22 iindtiedtid face MYIEwEDPS bt el v, [T was

| ocated so 5 that the curtain hei gh h, was nm and the curtain
i mpi nged on t he \impingementangle was45P) Caaururwarfgen agcomnlphcd wnhsmamﬂluﬂed

glpg(r:(l;yl fnit felr smSE)[}go ﬂ%.i)e %‘%én‘i’@%‘l"u éﬁeglgu?o 81" gg\%@:ﬂﬁr}tw&n&e& U rotoal n and
a line tangenfs t ani/kee. Iebase B, tieccdating fliiid flowi rafe vids ICRllinktandthe Web speedt1si n
e T ] 358 e o s o i 300 A s 56 o e A
hori zont al .
nozzle pressure, web, web width, and apparatus were identical to Example 1.
In case A, the coating caliper was calculated as 89 A, and in case B
the caliper was 5900 A. Case A is an ultra-thin coating and case B is much thicker
20 and is referred to as a thin coating. This example itlustrates the ability of the
method of this invention to coat a very wide range of thicknesses. An effort was
made to quantify the uniformity of these coating by measuring the fluorescence
from the Yellow G dye in the coated samples. A phbtometric analyzer was used to
measure the fluorescent emissions at a wavelength of 500 nanometers when excited
25  with a wavelength of 440 nanometers. The fluorescence of 7 mm diameter spots
taken at random locations across and down the web was measured. The uncoated
web was also measured giving an average fluorescence of 2.06 relative units with a
standard deviation of 0.05. In case A, the average fluorescence was 2.40 units with
a standard deviation of 0.03. In case B. the average fluorescence was 24.86 units
30  with a standard d.eviation of 1.41. The samples were completely coated with no

voids present. and these fluorescence readings indicated good uniformity. The
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10 The coating fluid slot width was 18.5 cmwhile the carrier fluid slot

w dth was 21 cm The distributing slot gaps for the coating fluid and
the carrier water were 152 — —and 762 mi crons respectively. The di aneter
of the coating roll 58 was 2.5 cm Coati ngs were
applied to the \Q?@ eeds of 45 and 73 cm sec. The carggraiseirddsis
was si nul t aneous rained by gravity and blown off with an air 15 knife.

The air knife nozzI e gap was 152 microns and the nozzle pressure was 140
Kpa. No edge guides were used, and the width of the conposite curtain at

t he contact pdiudtesvénte vf e yé inake EdMtinEi proportional to the coating thicknes¥) €The
the coating fluid is distributed uniformy across the web as in this

net hod, the coati ng MeasYrpde mylmbeb&psamwﬂwmmmameﬁwmw ithe

web 20 speed and t 0 n n

I ndi cat ed speeds of %‘9’&%25&2{&#*% leﬁ%mt%e oédﬁéﬁngs%gf%em%ﬁg?\ to
calculated to be 40QastBlof56)baled on the webspests iaiid toatiny fluidpflow i@eect i on of the
coatings indicated that the coatings were void free and uniform

25 Exanple 2: U #fra-thin Coati ng of an | miscible Fluid

Using the slide cur .-,
carrier fluid dellvm ' = da-thin coati ngs
of a pol ygl ycol base coarsin@ghe‘élidedumneomrngmﬂﬂmmﬁgml ldi!gxltra-thm

formul ati on consi sted of the follow ng weight % 90% poI ypr opi_hene
glycol . 9% of an ep&edtingafawarrsplublegesin solutonwas applied rsipolvgstsr webs her at ed

PCTi USos) 14a7o - coning 8 ER of & sffflafar Corboipafd 840 resn dispivel i o0

average nol ecul a0 Wevadtt Thfs sélution was prepared bg fiest diskalbing approxindiely Dtviveight %
Cheni cal Conpany, M dI and., M chi gan., under fhe desi gnati on P4000
The epoxy functional® f heresin iewater ang thenisuiralizing the selutipnta a,pH of 7 with a 5 weight

El ectric Conpany, W e
5 toluene g{/)e Zol Utkf gélél%gy%@giﬁg}%ﬁ%n E'Fé{g&a%éﬁ@%i W{e&%‘?ﬁ%@&mﬂ‘
excess of Yablutdon 6f Shleent Gmngadycmasaddaﬂt ntratamﬁm partiof dgé¢ pst 100

decanting the [1quid / ofgel. The gel was then diluted with water until a viscosity of 300 cp was
15 obtained when measured at 60 rpm with spindle LV#4 on a Brookfield model
LVTDV-II viscometer. To the diluted solution 0.2 gm of Silwet® 7200 surfactant
per 100 gm of solution was added. The surface tension of the resin solution was
23.5 dyne/cm, and it was completely miscible with the tap water used as the carrier
fluid during coating. The interfacial tension between the coating fluid and the
20 carrier fluid was zero because of the miscibility.
' The Carbolpol® is available from the B.F. Goodrich Company of
Cleveland. Ohio. The Solvent Green 7 dye is available from Keystone-Ingham
Corporation of Mirada. California. The Brookfield viscometer is a product of the
Brookfield Engineering Laboratories. Inc. of Stoughton. Massachusetts. The
25  Silwet® surfactant is manufactured by the Union Carbide Chemicals and Plastics
Company. Inc. of Danbury. Connecticut.
The polyester web. the carrier supply apparatus. and the coating die
were the same as used in Example 1. The carrier fluid used was tap water from the
municipal water supply without any surface tension modifying additives. The

30  water was supplied at a temperature of 13°C to a vacuum degassing vessel operated



solution after allowi ng the excess dye particles to settle to the bottom of
t he m xi ng vessel. The Yellow G dye is a product of the

Keystone-T ngham Cor por ati on of MTada. California. This coatlng
fluid had a viscosity of 302 cp at 22[err]C. The |0 surface tension and
density wer egwauedyess/ cm and 0. 98 g cnB. PCT/USHs/i 48795
exanple, the die was relocated to a position above roll 58 wher e
the curtain height was 22 mm the die face angle was 75: and the

i npi ngenent angle was 4 Coat i fir acconpl j shed with a atin
P P rCareRue o1 290 Gimof g Absplues ] wepuned o Bocwtina e HRams: -
web speed of 109f%1p§l§e\%§rﬂl)g@ﬁﬂhﬂiﬁ. THE Earbier Adig visecity Vs dstiinflell b2 ! © VS 1

m/mn and the we sec. The wafer carrier fl ow
was 3300 m/mn froma s|Burincoatingyitheslidéicurtain coating die was positianed abeve web,

web w dth, and appar at ys re identical.to le 1., . .
1P case A Che Gisns AR oo G<leing 36 Eigutn B Mbrespepificaliyit s domatedgo
the caliper yas 9ﬁ@cﬁtai§ﬁ§§hc}ﬁtl,'.ﬁas3§'m&ﬂ ﬁhéﬂh@{x%é?ﬁég df&n@.fwuﬁése B is much

t hi cker 20 and 1s referr 0 as a I n coa exanpl e

i | | ustrates theapgroximatelyo45°t The die face 40 wag inclinedfat ainangle of84%tframtheo coat a
very w de range, of thicknesses. ffQrt wa . de to _quantify the
unifornmity of th%"é’é’"@k)aﬁ"rfij’aw ﬂ@gssfﬂ'i“ﬁﬁ"‘t‘\‘?éigislfﬂ @’?@Eﬁ%&‘mﬂ ﬂ%'dasq?‘r omthe
Yell ow G dye i nyidig wa8i &6, THeBiskdbuti ég{;{? ' anfih to
nmeasure the fl ugEJeiscent em ss?grfs at"ﬁggi\?\’g eé\lgt%‘ﬁcgé}%ggﬁénanoneetuéﬁgr when
excited 25 watehwerei60 ahd hHidmifrons4espectivelye t Ehediarhéter 6f thoconting nolb 58 7
nm di aneter spots_. taken at random | ocati ons across and down the web
was reasur el THES ZA&Bat ed ~ web was al so neasured giving an average
fluorescence of 2.06 rel affiecamiehiffufd Whd fimltncosly drabe WA M Of
0.05. In case A the average fluorescence was 2.40 unit$ Wt _ a
standard devi at offwithtan@irdkpife) The ais knife nozzle gapovas 250 mhiconsankthee was 24. 86

units 30 with a standard deviation of 1.41. sanpl es were conpletely
coated with no compmsn@an&mgupg}ﬁgiw_mmspﬁ gwﬁﬁ‘orescence r eadi ngs

i ndi cated good uni f or m t yTheldogiting fluid was supplied from a 600 mi syringe driven by a
-17- WO 96/ 23595

PCT/ US95/ 14859 syringe pump tq,gipplyciluid at vatesofi d1.31 &, 50, andd 09 gm/miny sThesweb

Pacecorr ect ed eSS WAL Bibetibh B ce orstogoog B nthed SO solrid©

was measured at 0.8, 1.4, 2.4, and 5.0 relative fluorescence units for the four

coating fluid pumping rates respectively. The coat weights as indicated by the.
fluorescence varied linearly with coating fluid pumping rate. This ekample again

20 illustrates that coating weight directly responds to coating fluid pumping rate. The
example also demonstrates that miscible coating and carrier fluid combinations
may be successfully used.

25 Using the jet coating die shown in Figure 2. a thin coating of a UV
light curing solution was applied to a polyester web.

A syrup was prepared by mixing 90 parts isooctyl acrylate with 10
parts acrylic acid and 0.04 parts of benzil dimethyl ketal (h'gacurcTM 651 from Ciba
Geigy). The mixture sparged with nitrogen. and partially polymerized to a syrup

30 having a viscosity of about 3000 centipoise by exposure to ultraviolet fluorescent

lamps. An additional 0.15 part of benzil dimethy! ketal was added to the syrup.
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factor of 67. This agrees closely with the coating thickness change from
case Ato case B of 66 based on the web speeds and coating fluid flow
rates— 5 Exanple 3: Coating a fluid mscible with the Carrier Fluid
Using the slide curtain coating die shown in Figure 1. an ultra-thin
coating of a wat g l e resin solution was applied to a pol y®cTmsssndsys
The coati ng urd consisted of a solution of Carbolpol[err] 940 resin
dissolved in tap 10 water. This solution was prepared by first dissolving

approximately 1.1 ' %0 . of fhe resin in water t hen .
ot ral 21 g t he 5o ThE Ehighs curing slyion sgsihentred by g 68'S mramdf the remting
hydroxi de sol uti on. gJij) with'220 gRitnsPoridode fte.t 0 Which a saturated

sol uti on of Sol vent )]C;a:rh%en 7 dye was add‘gg&g? a ratio of one part of dye per

100 parts of gel. The gt thimwassdded dn¢ partby weight ofitbeYellow (G dye solution
LSS 8 320, P e BB SRR on R M 8
ves added.  The surf S HlaBlin pGHBniohS SFGACY per 2000 s of huGh B wRightIA OF
T e o e comt e The. ptar T acl Lt eng o0 betreen, {he
coating fluid and t fRI™ 5°gé§99'§]°?4¥’81"’§ Méfﬁ'mﬁrﬁfs 'gﬂ’é‘\{ﬁ“o"'

g IS:CI lcjalololjﬁ ?/ch Conmpany of The(fo é%%ﬁ%ﬁ%?g‘éth?%ddsiuﬁggﬁwglgﬁa@rwet |h§

avai | abl e from Keystamier supglyapparatus werahe sarae asusedin Exampden). The cdrdenfluid The
Br ookfield vi scageter ' r od | d Engi nger

I S uct of the . Br ookf i. | n
Cabor ator es. 1 B - Siedeyas e ram Ste oicing) warerayBRy mhousamsuFfags flon
surfactant i s manuf aidifying aBditivese Theivaker Wils BupllicPatdleipermnit 8f P2 CSio'aCS
Conpany. Inc. of Danbury. Connecti cut. The pol yester

web. the carrier suppiupmadngassingyessehoperatedatprensum@f 30mm of Hg absoiute andthemne

i ot pal vt o1 sup PPt P ook Sy, e KIS LB AR 410 Gy bk e uid,

30 wat er was supphiseskityiwas estithated 1 ¢p.of 13[err]C to a vacuum degassi ng
vessel operated WO 96/ 23595

PCT/ US95/ 14879 15 at pr esBuring egatingdhejet eeating dieas positiopedahove goatingped
to the coating die. ylfign f6H $5 as illustrated in Figure 2 with the carrier fluid slot 64 orientated

borizontally. The web translated vertically downward past the die at a horizontal
spacing of 3.7 cm. The composite jet of carrier fluid and coating fluid was bent -
downward by gravity and impinged on the web at an acute angle. No edge guides
20  were used and the composite jet contracted to a width of 10 cm at the contact point
with the web. The coating fluid slot width was 18.5 cm while the carrier fluid slot
width was 21 cm. The distributing slot gaps for the coating fluid and the carrier
water were 150 and 280 microns respectively.
The carrier fluid was simultaneously drained by gravity and blown
25  off with an air knife. The air knife nozzle gap was 250 microns and the
compressed air was supplied to it at a pressure of 210 Kpa.
The coating fluid was supplied at rates of 2. 4, and 8 ml/min. The
web speed was held constant at 29 cm/sec. The solution of polymer and monomers
* was polymerized by the application of UV light to form a gel. Fluorescence of the
30 gelled. coated samples was measured at 0.8. 1.4, 2.4, and 5.0 relative fluorescence

units for the four coating fluid pumping rates respectively. The coat weights as
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of supply was 3000 mM/mn. The carrier fluid viscosity was estimated at 1.2
cp.. During coating, the slide curtain coating die was
positTionedabove coatimng station roll 58 (referring to Frgure 1). Nboré
specifically. it was |located so s that the curtain height, h, was 3 nm
and the irrpivpgg&%%s angle a, was approxi mately 45. The pgtpsdsasde 40 Was
i nclined at an angle of 84 fromthe hori zontal. The coating fluid slot
width was 18.5 cmwhile the carrier fluid slot width was 21 cm The
distributing slot gaps for the coating fluid and the carrier wat er

were 160 and 1lomnmmeaammvemeﬂmmwﬁmtm fidid furfipia {mw T | 58

100 was 2.5 cm The carrier fl u was_si mul't aneously

drai ned by gravi Fﬁcahtfdmm calipers were 1000, Hﬁ‘)@ﬂ&ﬂdﬁﬁWQeA m@mpkmm
| 2 t
e b abure: of Thpplt fdPedaitls Wefghe direct HWIBoRES Soide HER plidRg 18 s | o

froma 600 m symxagpiedlsouanomra&slm:muﬁsdm@c@ua@ﬂhmﬁdmahierfﬂhw d at rat es
of 11, 21.5, 50, an The_ web speed was hel d constant at 29
'navolvtSrg{w:Efcﬁu

cri sec. Fl uor 8sc&f recssiully used withibe seating method toashicve eaating

0.8, 1.4, 2.4, ap units for the four
coati ng fI ui d purrglllng ra?ﬂss respec %@mﬁfbﬁse coat weights as indicated by

t he fluorescence varied linearly with coating fluid punping rate. This
exanmpl e again 20 _.illustrat es hat coatlno meloht dlrectly responds to
coating fluid pu ARl AESIIOM Al IS YOrgREYY rates that

wsed N Eedmle 4 G %mﬁ ’?'dﬁ‘i‘“?é'@%éér“éiﬁwmﬁl el ¥
used. anpl e a

Appar atus 2510 coanng ofa ﬂuoropowmeﬁgl\l pélymetizabiofluia Yvad hﬁpli%'ﬂqw pbl}eﬁérgwl'ﬁ 2.
a thin coating o i ght curing solution was appli to a

pol yester web. tl'he coating fluid consisted of an gwh@fum@,orp} m;xgmpglyemwdgsogbe@ar ts

i sooctyl acryl at g, vig. Pardh No. 4 L& acid and 0.04 parts of benzil
di nret hyl ketal (Irgacure er? 47@?( E%B%Aadm Geigy). The m xture

sparged with nitrogen, and%pdly&drwﬁoﬂgmﬂﬂ@ply@p@aﬁwsume39aung|3ﬁpﬁlylg a
vi scosity of about 3000 C‘E ti 801 se bé,ﬁﬁxtﬁosure to ultraviolet fluorescent
| anps. An addi t i SRRAMYS. ag E‘ﬁé qtingdig, inexampled. Thesearriero t he

syrup. 15 fluid used was tap water from the municipal water suppl} Without any surface
tension modifying additives. The water was supplied at a temperature of 7°C to a
vacuum degassing vessel operated at pressure of 200 mm of Hg absolute and then
pumped to the coating die. The carrier fluid viscosity was estimated at 1.4 cp.
The viscosity of the coating fluid was 40 cp. The surface tension of
20 the coating fluid was 19 dyne/cm, and the density was 1.7 gm‘cm’. All these
properties were measured at 23°C.

In this example. the die was relocated to a position above roil 58
where the curtain height ranged from 68 to 84 mm: the die face angle was 75°; and
the impingement angle was 35° to 45°. The carrier fluid die slot width was 25 em

25 andthe gap was 0.76 mm. The coating fluid die slot width was 25 cm and the gap
was 0.165 mm. Air nozzle velocity and apparatus were identical to Example 1.
Table 1 gives the carrier and coating fluid flow rates, web speeds, and UV curing
dosages used in preparing the samples. Calculated coating caliper and measured
resulting release values are also given. Release performance of the coated samples

30 was measured against a commercially available silicone pressure-sensitive

adhesive (DC 355. available from the Dow Coming Corporation of Midland.
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The .UV light curing solution was prepared by m xing 66.9 grans of the
resul t1ng syrup with 220 grans of isooctyl "acryl ate.

To this was added one part by weight of the Yellow G dye sol ution

deseri bed in Exowlegnskes or every 20 parts of solution. Al so addedrusssi14879
Silwet[err] 5 7200 surfactant in proportions of one part per 2000 parts
of solution by weight. A viscosity of 700 cp was obtai ned when
measured at 60 rpmw th a nunber 4 spindle on a Brookfield nodel

LVTDV- 1] vi scomet er Mickigid)] Thé adhiesivewas Soated directly onto the uitra-thin filllbRchéhigalst er
web, the coating fluid supply apparatus and the carrier supp

: Ly
apparatUs were the lpyega ing-thickness 10f 200 migsensecand the solyens was allowedtedry

t
was tap water from | C] S . \M '
modi 91 g addi t | ves VERHBHEAFodiR entifine AL ick ek orBON R AR Gk BAARRY
a vacuum degas td the dried adhesiop tayer, and this polysster sieer) hlon@ vitith®adbegive, was

absol ute and then unped to the coating die. The rate of supply was
4100 mi/mn. The$ caFSqdeiz hougs a4 room tempezatyrs; wis thenspecled;fram the flworochemical 15

During coating, theCWﬁ‘g??gﬁ’%%g?ﬂéﬁfWaﬂgiﬁ‘%ﬁfﬁ cﬂ,lps%&e coating

station roll 56 as I gure € carrier fluid slot 64
orientated horizontally. The web translated vertically downward past
the die at a horizont al spacing of 3.7 cm The conposite jet of
carrier fluid and cdabled§ fluid was bent downward by gravity and

I npi nged on the web at an acute angle. No edge guides 20 were used and the
conposite jet contracted to a width of 10 cm at the contact point Wt h

the web. The coating{flurd slot wdth was 18.5 cmwhﬂe%gqe arrier tlul
sl ot width was 1 cm The distributing slot gaps fo coating flygid

and the carrier wat er waC@riédb0 €ost 280WebCr autipée WY Oos Y. Release
The carrier fluid wag sinultaneously drained by gravity and bl own 25 of

with an air knife. THSAMPLE(hFlawnozBlow gap 250 ni émijlilpulest ¢ healue
conpressed air was syppljed @yﬁin)méﬁﬁgw.oiﬁlg Kp, rrzi)n lez.Scm)

The coating fluid wa
web speed was hel d cPnsazgt at46® cnd.260c. The2sol wdtigon of qpol yner apsl

nononer s was p¢l ynmerized by the application of UV light to forma
gel . Fluorescence of |thga 30 agbhed. o st ed 19gP! epgnas megsured at 30. 8.
1.4. 2.4, and 5.0 relfative fluorescence units for the four coating

fluid punping rates
-20-

espectively. The coat weights as

10

It can be seen functional release coatings are obtained, as compared to uncoated
web where the release value exceeds 1500 gm/2.5 ecm.

15

Using the slide curtain coating die shown in Figure 1. an ultra-thin
coating of a thermally polymerizable silicone fluid was applied to polyester and
paper web. The coating fluid consisted of a thermal cured solventless silicone as
described in U.S. Patent No. 4.504.645 (Example 1, Sample 1). The paper web

20  was a 60 pound natural super calendared kraft paper supplied by Nicollet Paper
Company. Depere. Wisconsin.
The carrier supply apparatus. the polyester, the coating supply

apparatus and the coating die were the same as used in Example 1. The carrier
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PCT/ US95/ 14879 i ndi cated by the fluorescence varied linearly with
coati Mg U o PuUmprNg rat e.—The — Tal culFated coating calilpers were
10000, 21000, and 43000 A. This exanple again illustrates that

coating wei gl olliskgiCt |y responds to coating fluid punping r 3879
exanpl e al so denonstrates that inmscible coating fluid and carrier fluid
5 conbi nati ons may be successfully used with the coating nmethod to

achi eve coating calipers of tens of thousands of Angstrons.

Exanpl e 5: Rel figatisédwad B vkt fdnfthe nfudiidifal Wtk stppty Without any surface

Using the slide curtain coating die showmn in Figure 1. an ultra-thin 10
coating of a ftensionpwidifiing aduitipes. y'ﬂBrwasa'bWB sixpphed av\ammmmmcbﬂ%aCaoa

. pol yester web. The coat | d COI’ISI I i C ncti onal
per f | uor opol erWEPmﬁSﬁ%%V%@ qrﬁv.sgeg ?%agﬁ’ ui& an gﬁ
(Conpound | 1) . pumped to the coating die. Thecﬂi‘?ﬁrﬂﬁﬂd%s%&ﬁfy%@snhbﬁd‘i@l B'c%r supply
appar at us. the coatl ng supply apparatus, and the coating die were

the same asSused in Exahhe wiscosity hétlwaomngrﬂuldﬁlas 257¢p Thealensiyswas@h9%at er

fromthe munici wat su W t hou t.ensi on
nodi fyi ng addi & '?'8‘@%3 mﬂ‘ﬁ ﬁ)é‘?%ﬂ%é@né’@ﬁépape‘ﬁ“ﬁ)ﬁ aﬁ'ﬁ%@r%’?ﬂ"b‘f"ﬂ[ err]Cto
a vacuugressisRfaiionec vessel operated at pressure of 200 nm of Hg

absol ute and then punped to the coating die. The carrier fluid
vi scosity was esti nmat edhuhisrmplp the die was relocated to a position Bheve/vollci#sithg of

the coating fl was 40 c urface tensi on of t he coatlngflwd
was 19 dyne/cn#g %E‘&aé?(é. \)éesmiplqg PR Y’T‘“'Ai%'i

properties IU\BVWHbEQ\@ﬂleﬁﬁzﬁ!ﬂiﬁa was 0.25 mm. 'l'hecoaung ﬂundletWthﬁ
exanple, the die was relocated to a p05|t|on above roll where the

curtai n hei ght wasi2hem wtn!srthﬁmerfhﬁdnlmwtd\bmbscmcahadgtrdmmslbsgmsr] and
t he i npi ngenen ngl e..nwa 45 . The carrl di e sl ot w.d was 25
e 2" ot ntor BiEXcstE uidan fhe SBipiek Wandr ekt 0 ing el aien. gl "2 oo

and the gap was Pablé2 gwes :h@ebamigzam flod raes, loicaRtbdToREv@édliper)er ©
identical to Exanple 1. ble 1 gives the carrier and coating fluid
flow rates. wetdsipeasyred rahesewuswfthg samples prewschglegllm thecysteimar i ng t he

< € carric

‘sanpl es. cu 0 elease
val ues are al siéééﬁ\%%%ﬁhﬁéglgw ﬁor mance t WS SEOaT e‘c'il sarrpH‘g a%
‘nmeasur ed agai n3000amiminreCoited dampﬂasawrabhedmiﬂmet 1B0Csfor bwe piifutes. Ve
adhesi ve (DC 332 available fromt r{’y Dow Comi % Cor por atj on_of Mdl and.
lease values were measured by laminating a 2.54 cm wide strip of Scotch™ 610
adhesive tape to the silicone coating using a 2 kg roller. After 24 hours, the tape
was peeled from the silicone coating at a 180° angle and at a rate of 3.8 cm/sec.

20
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PCT/.US95/ 14879 M chi gan). The adhesive was coated directly onto the
ultra=thin fluorochem cal [layer at a web coating thickness of 200
m crons, and the solvent was allowed to dry overni ght at room

tenperature. A SQoWkgises) sheet of polyester filmwas | am nated pcrusssnidre
dried adhesive layer, and this polyester sheet, along with the adhesive,
was 5 aged 72 hours at roomtenperature, was then peeled fromthe

fl uor ochem cal coay nzg at a peel angle of 180[err] and a rate of 3.8
cm sec. Tabl e
360 nm Carrier Coat Web Cal i per UV Dosage
Rel ease SAMPLE Fl ow Fl ow Speed (mllijoul es/
val ue # (mM/mn) (m/mn) ecTiéﬁ cnf e IH
(gnm2.5 cm a36 2400 C%‘ngs E E 216 Ré 0
76 a44 SAMRLE 0.WES 110,107 3
10 It can be sgen functional rel ease coat | zgs are obt ai ned
conpared to uncoat ed #web whefe the(m‘éméhse véide exceeo@“igéﬁﬂ‘ljﬂam 5
cm bl polyester  0.38 997 295

b2 polyester 0.38 997 103

b3 polyester 1.75 4600 26

b4 polyester 1.75 4600 27

b5 paper 1.75 4600 27

b6 paper 1.75 4600 34

5 [Example?7: Release Coating Prepared from a UV Cured Silicone
Using the slide curtain coating die shown in Figure 1, ultra-thin
coatings of a UV polymerizable epoxysilicone fluid, as described in Example 3 of
U.S. Patent No. 5,332,797, were applied to a polyester web. “The coating fluid
was a mixture of 95 parts of epoxysilicone with an epoxy equivalent weight of
10 538, 2 parts of bis(dodecylphenyl)iodonium hexafluoroantimonate. 3 parts of
Alfol® 1012 HA (a mixture of alkyl alcohols), and 0.2 parts of 2-
isopropylthioxanthone.
The carrier supply apparatus. the polyester web. the coating supply
apparatus, and the coating die were the same as used in Example 1. The carrier
15 fluid used was tap water from the municipal water supply without any surface
tension modifying additives. The water was supplied at a temperature of 16°C to
a vacuum degassing vessel operated at pressure of 200 mm of Hg absolute and
then pumped to the coating die. The carrier fluid viscosity was estimated at 1.)

cp.
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15 Exanpl e 6: Rel ease Coating Prepared froma Thermal Cured Silicone

Using the slide curtain coating die shown in Figure 1. an ultra-thin
coat+rag—of—=attrermatty pol ymerizabl estTTTone TTurd was applied to

pol yester and paper web. The coating fluid consisted of a thermnal
cured sol ve%mi | i cone as described in U S. Patentpéusesnassd¥d. 645
(Exanmple |. 'Sanpl'e 1). The paper web 20 was a 60 pound natural super

cal endared kraft paper supplied by N collet Paper Conpany. Depere.

W sconsi n. The carrier supply apparatus. the polyester.
Used | n Exampl 6 1 The ohr iEseany af GECoditf AERFNeySrerts? R SrbeicadSy 2

- 22- Wfahié aaiiag fluid was 23 dyne/cm, and the density was 1.01 gm/cm’. All these

PCT/ US95/ 14879 ., fluid ugrggl S~tap water fromthe nunicipal water
suppl y wit hout PRPETHES Veredneas P@SCon modi fyi ng additives. The water was
supplied at a tenperaturgy @b% i oper at ed
at pressure of 200 mm ofﬁﬁg&éﬁgglsﬁﬁugng tzﬁggiﬁu %ﬁ%g ?\égﬁﬂglegoati ng
di e. The car¥ i epasfddiat thesamespeddyundera single medinth pressirémereurySamp running

The viscosity of the coati ng fJuid s 257 cp, The densjty was Q.97
gmcnferr], ano‘“tﬁhé”’é'érpf’%l% QG‘HSPGH&aﬁﬁc MWMWE-AYF"Q‘H‘@?E‘"E& operties
wer e nmeas . : : ' the die
was rel ocated ?fgﬁgh\gg\{sﬁlﬁ@gﬁg&%m%%th%gt;lm?xﬂérate Ofihg icé&l@c@ig’ng ghewas 75;

and the i npi ngeresuits aregiiven inFablis3. Release vzlnbsofithe ecutings ere mesuredbyKpa and
the nozzl e sl ot?q%}a, was 0.25 nm The ,coating fluid slot wdth was 23
cm whi | e the ca$oaHiRg an acrylic pressuresseasitiv ke. d&. af3e 4P dsoprtylacrrigtes| ot gaps

for the coajg noghjid dlie@folyier S8Rt B LS, PURHENLOREND0RRraig oA

respectively. gl ves the coating
rates, cal cul atthelrelease coaingaising eptane as sobvent. fees costihg. theadhesiveavasadried! t he

sanpl es prepared. In all es.the curtain 15 height was 34 nmm the web
Spebd vab 25 GriEBEveR HIOEE Tt LN 41 I NgpolyeSier Bl a1 / i n

Coated sanpl es |airtdd4b Bk ddhesiVe RY&D This IdmihaleQlds HeafeQ'in hif\Bvel &t YO4E for
72 hours. The aged laminate was cut into 2.5 x 25 cm strips and attached,

15 substrate side down, to a glass plate using double stick tape. The release value is
the force, in grams, required to pull the polyester film with the pressure-sensitive
adhesive adhered thereto, away from the release coated substrate at an angle of
180° and a pulling rate of 230 cm/min.

=25



Rel ease val ues were neasured by lamnating a 2.54 cmw de strip of

Scotch[err] 610 adhesive tape to the silicone coating using a 2 kg
roller. After 24 hours, the tape was peeled fromthe silicone coating
at a 180[err] angle and at a rate of 3.8 cm sec. 20
- 23+ WO wfysAs998 5 PCT/US95/14879
PCT/ US95/ 14979 Tabl e 2: Coat i ng
Coati ng Rel ease SAMPLE V\EB Fl ow Cal i per
Table 3:
Release Release  {Readhesion (02/2.54 cm)
Caliper Initial Aged
(A) (gm/2.54 cm) | (gm/2.54 cm) Initial Aged
250 .6l 294 63 57
500 89 73 59 60
1000 86 63 62 63
1500 86 58 62 64
2000 80 52 65 63
2500 77 59 66 66
3000 3 64 67 69
7000* 64 S0 66 62
* 5-Roll coated sample for reference
"Initial” values 3 day/room temperature dwell of the adhesive on the liner.
“Aged" values are 3 days/158 F dwell of the adhesive on the liner.

Exampie 8: UV Cured Epoxy Coating
5 Using the slide curtain coating die shown in Figure !. a thin coating
of a UV polymerizable epoxy resin fluid was applied to a polyester web. The
coating fluid was a solventless resin mixture of 50% ERL 4221 and 50%
UVR6379 to which was added an additional 1% by weight of Silwet™ 7500
surfactant and 3% by weight of UV] 6971 photoinitiator all supplied by the Union
10 Carbide Corporation. New York, New York.
The polyester web, the coating fluid supply apparatus. and the

carrier supply apparatus were the same as used in Example 1. The carrier fluid

-26-



# # (m /i n) (A) (gm 2.54 cm bl

pol yest er 0. 38 997 295 b2 pol yest er
0. 38 99 —163 - b3 pol yest er 1.75

4600 26 b4 pol yest er 1.75 4600

27 ?6’;35,5 paper 1.75 4600 PCT/US95/14819 27
b6 pap2 1.75 ° 4600 34 5 Exanpl e

7: Release Coating Prepared froma UV Cured Silicone

Using the slide curtain coating die shown in Figure 1. ultra-thin

coatings of a hhedawbmpwamaﬁbmthpmwml}mwmsﬁpnﬂmtha'#aatﬁwf%&!‘ﬂqq Exanpl e
3 of u. S ent No. 5. 797 vver I|ed °éf‘?§ta . The

coating fluid mo ing-AdAItives. ‘%“5’?""9‘?"93 G#C'EB%'S% i'cone W th an
epoxy equi val e%ﬁgﬁffgﬂ@Essafolpeﬂa&d a?%?bsgure BMG@mﬁf éﬁlﬁﬁﬂﬁﬁid&hﬁﬂpﬁrhpmom um

hexaf | uor oanti no éa m xture of al kyl
al cohol s), and o1l qnmngsdmfmcamerﬂmdyxspaswwasnsmm Roh&¢cp..

The carrier supply a t h
apparatus, &nd the 022% EF@“XEV 8'%hﬁw§?seéggpfﬁﬂ§%?wﬁﬁe
carrier 15 fl 'u@Léb%ﬁﬁhﬂﬁadﬁm\g?h@femfm&b&sﬁymﬁnml &r AHWRBE Y

W t hout any surtface t ensi nodi fyi ng additives he wat er was
supplied at a tpropertiestweremedsufedat 237C When coatlng this materiaktheraywasobservedssel

oD e P enc bt e el P ey L OS2 11
- 24- be eliminated by applying a high voltage potential to the coating roll.

10 In this example, the die was relocated to a position over roll 58
where the curtain height was 5 mm; the die face angle was 75°: and the
impingement angle was 45°. Air nozzle pressure was 140 Kpa and the nozzle 'slot
gap was 0.25 mm. The coating fluid slot width was 23 cm while the carrier fluid
slot width was 25 cm. The distributing slot gaps for the coating fluid and the

IS carrier water were 150 and 760 microns respectively.

Table 4 gives the carrier and coating fluid flow rates, electrostatic
potential, and web speeds used in preparing the samples. Calculated coating
caliper is also given. The coatings were cured by passing them under a single
medium pressure mercury lamp mounted in line with the coating apparatus. The

20  coat appeared uniform, fully cured and defect free upon visual inspection.
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WD 96/ 23595

PCT/.US95/ 14879 ' ) The viscosity of the coating fluid was
276 cp. The surface tension of the coating fluid was 23 dyne/cm and
the density was 1.01 gmcnjerr]. Al these properties were neasured at
23C: wooen3ses Al | coatings were prepared at a |ine spperiusysnagro
cmsec and then 5 passed at the same speed under a single medi um pressure
mercury | anp running at 60 watts per cmto give a cured, tack free

rel ease coating. Various coating wei ghts were applied by changing the
punpi ng rate of theTgbl4t ng fluid, and the results are given in Table
3. :Rel ease val ues of the coatings were neasured by . coating an acrylic
pressure-sensitive adhesive. i.e. a 95.5:4.5 isooctyl acrylate- 10 acrylic

aci d copol yner as dgserrted—TmtU-—S—Patent—No—RE—24-906—<trectty—onto
the rel ease coatinglusing heptane as solvent. After coati fatilgie adhesive

was dried I n arn t r]C Sn\'mte a m thic
pol yester film was Wﬂé%] ng%ér? "t o tﬁg&adhem @e I%%l/@?l.d Thl?ogl I a%’ﬁari?oes%\?a
heated in an oven atf 70[err] C flew flsw houspeed The agedpbiwfiddat(thilijsulss!
into 2.5 x 25 cmstr}i ps and attached. 15 substrate side down, to a gl ass

pl ate using doubl e qtickK t apdml/mia) r {mi/min) (smvsec) s (A)  téveltsor ce sqicm)

grans, required to WWWWWWT
adhesi ve adhered thgret‘a, away q@omth@' el ead®coal PP0subst®at e at 4

angl e of 180[endr] and a pulling rate of 230 cm m n.
c2 2080 6.0 6.60 60000 800 462

T

Using the slide curtain coating die shown in Figure 1, a thin coating
of a water miscible latex silicone release agent was applied to a polyester web.
The coating fluid was a water based latex, thermal curing resin mixture from GE

10 Silicones of Waterford, New York consisting of 10 parts of latex SM2145 and 1
part of latex SM2146¢. For samples a and b, the undiluted mix was coated at a
viscosity of 284 cp measured by Brookfield viscometer at 60 rpm with LV#2
spindle. For samples ¢ and d. the mix was diluted with water at the ratio of 10
parts of water to 1 part of latex mix then the thickening agent Natrosol 250HR

15 was added to give a viscosity of 2300 cp by Brookfield at 60 rpm with LV#3
spindle. The thickener is manufactured by the Hercules. Inc. of Wilmington,
Delaware. The surface tension and density of the mixed latex before dilution
were 27 dyne/cm and 0.98 gm/cm3 . The interfacial tension between the latex mix
and the carrier water was zero; the latex was miscible with the carrier water.

20 The carrier supply apparatus. the polyester web, the coating supply
apparatus. and the coating die were the same as used in Example 1. The carrier
fluid used was tap water from the municipal water supply without any surface
tension modifving additives. The water was supplied at a temperature of 9°C to a

vacuum degassing vessel operated at pressure of 200 mm of Hg absolute and then
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Tabl e 3: Rel ease Rel ease

(gm 2. 54 cm)
Wi

10

15

CalTper mriral Aged

595 63 S7 _ S@ETrusesiiasre
60 1000 86

63 1500 86 58

64 20Q0 0 5

g pumped to the coati@;gg, The carrier ﬂuig yiscosity was estimatgé at1.3cp.
ggl'he carrier water supoﬁw Qpparatus was as described in Example 164

In this example, the die was located above roll 58 where the curtain
height was 10 mm; the die face angle was 75°; and the impingement angle was
approximately 45°. The air nozzle slot gap was 0.25 mm. Table 5 gives the
calculated silicone caliper, web speeds, and air nozzle pressures used in preparing
the samples along with release results. The coated samples were dried and cured
in a batch oven for 10 minutes at 120°C. The coat appeared uniform. fully cured
and defect free upon visunal inspection.

Release of these coatings was evaluated using Scotch™ 810 Tape.
A 2.54 cm wide strip of tape was laminated to the cured coatings and rolled down
with a 2 kg roller. Release was measured by peeling the tape back from the
silicone coated substrate at a 180° angle at a rate of 228.6 cm/min. The force
required to peel the tape was averaged over a 5 second peel and is reported in
grams per inch width. A control of base polyester produces a release of 661
gm/2.54 cm.

.29.

(gm 2.54 cm Initial Aged 250

89
63



7000* 64 50 66 62 *

5-Ral |l coated sanple for reference "Initial" values 3 day/room
tenperature dwell of the adhesive on the liner. — "Aged" values are 3
days/ 158 F dwel | of the adhesive on the liner. Exanpl e 8: WV Cured
Epoxy Coating 5 woosm3ses Using the slide curtain coating dpergsdMisrdn
Figure 1. a thin coating of a W polynerizable epoxy resin fluid was
applied to a polyester web. The coating fluid was a solventless resin
m xture of 50% ERL 4221 and 50% UVR6379 to which was added an

addi tional 1% by weipiglest Silwet[err] 7500 surfactant and 3% by wei ght
of .UVI 6971 photoinitiator all supplied by the Union 10 Car bi de

Cor poration. New York, New York. The pol yester web, the
coating fluid supply appar . ' - wer e
the sane as used in Exanplle 1. The carrier fluid _ Air

- 26- WD 96/ 23595 .

PCT/ US95/ 14879 used SOMPLE, , \\Web, ¢, Galipate Nezale par Relese sudpl v
wi t hout any surface tensiqgn nMdipbad Ng addi ti VEResglide Water was
supplied at a tenperaturejof 8C to a vacuum degassi ng vessel opgrated

at pressure of 200 nm of Hg a#sol ut(emésec) t hefApunpedKpa) (gmt BS4emht]i ng
die. The carrier fluid vi eosTty was—estTmated at—t3 5

I o CP. O
The viscosity of the coatilng #luid wak# 352 2#000rhe s0f ace tendi on of
the coating fluid was 27 qyne/cm and the density was 1.11 gmicnferr]. All
t hese properties wer¢ nebsured #i4 23[ er43008. Whebdoati ng téis terial
t here was observed ajgreat tendency to trap air between the coatf fluid
and the web surface. This{coug¢d 65 930 70 102

d 74 400 70 261

E le 10: Coating a Miscible sdhesi
] In this example, the apparatus of Example 1 was used with the
exceptions that first a larger syringe pump was used and second that carrier fluid
was continuously recirculated from a 60 liter tank. The vacuum degassing tank 36
in Figure 1 was replaced by this holding tank which was physically located so that
the fluid from receptacle 50 could be drained by gravity into it thus allowing
10 recirculation of the carrier.

Thin coatings of a water miscible, 45% solids. latex adhesive was
applied to polyester web. The latex was a Sequabond DW-1 purchased from the
Sequa Chemicals. Inc. of Chester, South Carolina. Its viscosity was measured as
28,600 cp on a Brookfield viscometer with spindle #LV2 at 0.3 rpm at 21.7°C.

15 The surface tension of the coating fluid was 39.4 dyne/cm. and the density was
1.0 gm/cm’. All these properties were measured at 21°C.

The carrier fluid used was tap water from the municipal water
supply without any surface tension modifying additives. The water was supplied
to the tank 36 and allowed to warm to 21°C before use. During coating, ribbons

20  of polyethylene film were placed on top of the web at each web edge. These
extended from 2.2 cm in from the edge of the web outward to the edge of the

coating die. They were 1o prevent adhesive from wetting the coating station roll

.30-



be elimnated by applying a high voltage potential to the coating roll. 10
In this exanple, the die was relocated to a position over roll 58

whei rght Was o5 nmy the die 1ace angle was /o[ err], and the
I mpi ngenent angl e was 45. Air nozzle pressure was 140 Kpa and the nozzle

sl qt g%m 25 mm The coating fluid slot width Wasr@ﬁuﬁﬁn%‘i? l e the
carrier flui slot width was 25 cm The distributing slot gaps tor the
coating fluid and the 15 carrier water were 150 and 760 m crons

respectively. Table 4 gives the carrier and coating
fluid flow rat ssmmeeedvhg%nasnbsa' ted margiP&leBEH &dge of G BoiR E&ier Aied 1 N
preparing the sanples. Calculated coating dﬁe caliper is also given. The

coatings were eceating WWBWWM&MWW&@WMNMMWW essure
| i it h ' T, 0 t
Ropear o un t odiEes reonPetvifh e FrBrpioRl oBIBRWSh 1Y psieh SFo0pf on

-27- Qs of HiOvas that the carrier fluid become contaminated with latex coating
PCT/ US95/ 14879

5 fluid. The carrier fluid rate was 1000 ml/min. and the viscosity was measured as

-

1.06 to 1.40 cp. The air nozzle pressure was 20 Kpa. The carrier and coating
fluid slot were 25.8 and 25.2 cm in width and had gaps of 0.49 and 0.25 mm
respectively.
Table 6 gives the latex mass flow rate and the coating calipers
10 obtained at the web speed of 27 cn/sec. a latex solids fraction of 0.45. and an air

nozzle gap to the web in the range of | to 2 ml. The coat appeared uniform,
functional and defect free upon visual inspection. '

Table 6:
15
Latex flow Dry ~ Wet
Coating Caliper Coating Caliper
(gm/cm-sec) (A) - A
0.0786 160000 350000
0.0302 62000 138000
0.0196 46000 102000
0.0151 38000 84000
0.0060 15000 33000
0.0030 8000 17000
0.24 470000 1040000

31-



Tabl e 4:

Coat i ng SAVPLE  Carrier Coat Web  Cal i per Rol | w
Dosage —TTow flow “speed pot enti al
(ml1ijoules/ (mM/mn) (mM/mn) (cmsec) (A

(val ts) sq c1l 2080 2.0 7. GETUSSTERD
700 400 vw}m” c2 2080 6.0 6.60 60000

800 462 Exampl e 9: Rel ease Coating Prepared froma M scible
Latex Silicone Rel S0 . . Usi ng the
slide curtain coatﬁ%@-m%us 8 of a water

miscible latex silicone relqpg g emﬂwﬁh@aﬁekmﬂumlg&stleanm-mm

The coating fluid was a water based latex, therhal curing resin m xture
from GE 10 Sil i conmsting ofiurethane réjeasdcoating wasapplied to the cerpna Deased side of a 25

| at ex SM2145 and | tex For,. sanpl es a and_ b. the
undi l uted nix was c'B?Ef‘E’og “ab'“"'a‘%’?n‘é@b'\%ilﬂ@ﬁm”@gﬁ' treasur ed by
Brookfield viscoreter at 60 THBowir ﬁa&’%asoluu&pbml%m@%m

d. the mx was diluted with water at the ratio of 10 parts of water to

| part of |atex nixasdient cmistih'gokbpamgftabsm. Inpartrof testadec@oedrand 3 paets ofixvleld

to give a viscosity_of_ 2300 cp Br o kfleld t 60r mwth

spindl e. The thi ckeﬂé"’r W%‘%?&W&Bﬁ% E’WWW‘P‘W'PH Fgt on,
Del awar e. The surf N> 49782 E%ﬂﬂgalé mhihhe ﬁ&dmk@ﬁasxowa{mam
dilution wer e dyne7 c?n gﬂ(‘d 2 er,r“Elp The interfacial tension

bet ween t he | at ex niegited abovemsjusede'ﬂlavmny ﬂurcomfhaduyascmam@o has
m scible with the car

apparatus. the bl y®s r@’r’\’!ﬁ%“ ‘F?Fé‘”b?)faﬁ“f fogting flujd was 251 u%n%ar r #“a{‘ﬁg ug'?r'l‘é' e
coating die were thgoaEmYSAN tRse bﬁrﬁﬁé‘ﬂ%x@ lﬂeasﬁb&at%"cl Yarious coatifg Ui d

used was tap water fromthe nunicipa ter supply wthout any surface
t ensi on nodi fyi ng aweightswese amdmtcbmms;hwpgspeed while maintaipiag she pumping

Slerr]Ctoa - wacuyn deqassing ¥Resehie TREAEHE d BRI TS miR ™

of Hg absol ute and
from a 14 cm wide slot. Carrier water flow rate was 2800 ml/min, and the curtain

15  heights ranged from 3 to 16 mm.

The carrier fluid used was tap water from the municipal water
supply without any surface tension modifying additives. The water was supplied '
at a temperature of 27°C to a vacuum degassing vessel operated at pressure of 200
mm of Hg absolute and then pumped to the coating die. The carrier fluid
20  viscosity was estimated at 1 cp. The carrier water supply apparatus was as
described in Example 1.

Fluorescence measurements indicated complete coverage and dried
coating weights that were proportional to web speed. Release values are given in
Table 7. Release performance was evaluated by laminating a 2.54 cm wide strip

235  of Scotch™ 810 Magic Tape. purchased from Minnesota Mining and
Manufacturing Company. St. Paul, Minnesota, to the dried coatings using a 2 kg
roller. The tape strips were then peeled from the ultra-thin coatings at an angle of

180° and a peel rate of 3.8 cm/sec.
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PCT/ US95/ | 4879 punped to the coating die. The carrier fluid

Vi SCOSITy Was estimated aft 1.3 Cp. The carTTer water supply appar atus
was as described in Exanple 1. In this exanple, the die
was | ocated @igéRadee! ! S8 where the curtain hei ght was plqyygedndse di e
face angle was 75[err]; and the inpingenent angle was 5 approxinmately 45.
The air nozzle slot gap was 0.25 mm Table 5 gives the cal cul at ed

siticone caliper, web speeds, and air nozzle pressures used in preparing
the sanpl es al oygbli7:h rel ease results. The coated sanples were dried and
cured In a batch oven for A The coat appeared
uniform fully cured and dgfect free ¢ YdaSd/ i nspection. 10

Rel ease of these coatings was eyal uated usiing frr] 810 Tape. A

down with a 2 kg roller. R pasured byjlpeeling the tape back
fromthe silicone coated sgbstr 1gmyfig} angle at a rate of
228.6 cnmmn. The force required,to pee apg was averaged over a
5 second peel and is reported i gr ans per dth. A control of

base pol yester produces a rel eage of 661 2%%1 2.54 cm

128
257 310
758 190

uncoated film 495

E le 12: Coati il Y High-Viscosity Carrier Fluid
5 Using the slide curtain coating die shown in Figure 1. an ultra-thin

coating of a epoxy-silicone resin solution was applied to a polyester web. The
coating fluid consnsted of 35% solution of epoxysilicone fluid described in
Example 7 dissolved in the solvent nonane. Its viscosity was 9 cp, and the surface
tension of the resin solution was 24 dyne/cm. The coating density was 1.0

10 gm/cm’. The carrier fluid was Dowtherm™ SR-1, ethylene glycol heat transfer
fluid. from the Dow Chemical Company of Midland. Michigan. Its viscosity was
18 cp, and the surface tension was 34 dyne/cm. The carrier density was 1.14
gm/cm’. The carrier fluid was supplied from a tank at a temperature of 22°C and
pumped to the coating die using a gear pump. The rate of supply was 2700

15 ml/min. The polyester web was the same as used in Example 1.

The polyester web. the coating fluid supply apparatus and coating
die were the same as used in Example 1. During coating, the slide curtain coating
die was positioned above coating station roll 57 as in Example 3 with a the curtain
height of 7 mm. The impingement angle was approximately 45°. The coating

20 fluid slot width was 24 cm while the carrier fluid slot width was 25 cm. The

distributing slot gaps for the coating fluid and the carrier fluid were 160 and 800

-33-



-20-

WO 96/ 23595

PCT/,US95/ 14879 Tabl e 5:

Ar — SAMPLE™VE&D “T'Cal i per— Nozzle Rel ease
speed Pressure (cm sec) (A
(Kpa) (gm 2. 54488323898 a 14 24000pcTIUSINT4879
5 b 54 4300 140 6

c 65 930 70 102 d

74° 400 70 .- 261

10

15

microns respectively. The carrier fluid was simultaneously drained by gravity and
blown off with an air knife. The air knife nozzle gap was 250 microns and the
compressed air was supplied to it at a pressure of 200 Kpa. Residual droplets of
glycol were washed from the surface of simples obtained with water.

The coating fluid was supplied from a 60 ml syringe driven by a
syringe pump to supply fluid at a rate of 0.5 gm/min. The web speed was held
constant at 19 cm/sec. Continuous coatings were observed in the samples. The
calculated wet caliper for these conditions was approximately 1700 A. This
example dcmonstrﬁtes that immiscible coating fluid and carrier fluid combinations
may be used where the carrier is not water. It demonstrates the use of a carrier of -
higher viscosity than the coating fluid. h

Many variations of the described systems can be used. For example,
the flowing layer of carrier fluid need not be formed flowing from a slot of a die.
It can be formed from the flow over a weir or an open trough. Also, the
composite layer need not be formed on the die. The coating fluid can be
deposited on the carrier fluid after it leaves the die lip. Also, a multiple layer
carrier fluid and a multiple layer coating fluid can be used. A multiple layer

carrier fluid could have a pure upper layer and a recycled lower layer.
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Exanpl e 10: Coating a M scible Latex Adhesive 5 In this
exanpl e, the apparatus of Exanple 1 was used with the exceptions that

first—a targer syringe punp was used and second that carrier rlurd
was continuously recirculated froma 60 liter tank. The vacuum degassing

tank 36 wob&h%bﬂ“re 1 was replaced by this holding tankpgugdsiees
physically |l ocated so that the fluid fromreceptacle 50 could be
drained by gravity into it thus allowing 10 recirculation er.

Thi n coati ngs o{ S!mt er. mscible, 45% solids, |atex i
applied to poly b. The | atex was a Sequabond Dwnﬂmmﬁ,maﬁﬂ !’om
t he Sequa Chenmicals. Inc. of Chester, South Carol+ na. " ity
was neasured as 28,600 cp on a Brookfield visconeter with spindle
#LV2 at 0.3 rpm at 21. 7[ ek.r] C. A nisshothof coatirfgrasubsteats 32 withfa layer comptising f | ui d
was 39.4 dyne/ C{Rﬁéand . he density was 1.0 gmcnferr]. Al these
properties were WBtPld at 21[err] C The carrier fluid
used was tapswater fromt i tHeGl o =101V
surface tens? on nodi fyi ngmggglyt i veg.ﬁ}a'lt%\? ﬁg't‘ge?%stﬁgg%{pﬁ%&éﬁgmoa;?o t he
tank 36 and al |l owed to waforming azonijpesitd layéra8amomprising afleast oge caatingfinid

ri bbons 20 o) o) t hyl ene fil.m e placed on,top..of the b at each
web edge. These§4g"“ﬁ@§ %cféﬁ‘efﬂH’rﬂvg]?V@maﬁ"PP’é?WQ %bg°@fm‘ﬁ? web

outward to the ggdgRodting!fifd; coating die. They were to prevent adhesive
fromwetting the coating station roll
- 30. WO 96/ 23595 flowing the composite layer 48 at a rate that is sufficient to form a

PCT/ US95/ 14879 . whi Le l.eavi ng an uncpat ed rgi n at_.each edge of
the web. Both p%ﬂnflp'é?“siﬁ'a‘"“g hmd@&?ﬁ?ﬂ GRRASHE aﬁ’F’o‘R\“Egi%’_%F%e té_%lg‘é"g%gi ons
were direct ed i ggfing Ueith IRRA MecaPfier fluid 34 BEIBR of (hELomPoGRTIED Wi Lh the

carrier blown off the web by gas jet resu S was that

the carrier fl wtomtipeasire contanmi nated with |atex coating 5 fluid. The
carrier fluid rate was 1000, ni./ m,n, and the viscQsity was neasured as
7206 o 140 cp- The ai r Seorsias e B il Getvie natis PTG
cogtgngS f | intetpaik tie coRfing BPerB4betiveth the Silbsirdte 32 dhdthe Rariepfluidsass of 0. 49
an : mm
15 and
removing carrier fluid 36 while leaving the coating fluid 34

deposited on the substrate as a coating layer,

2. The method of claim 1 wherein the flowing step comprises
20 flowing the composite layer 48 at a rate that is sufficient to form a continuous
flowing fluid bridge of composite layer to the substrate 32 for the coating width,
without being sufficiently high to form a continuous flowing fluid bridge of only
the coating fluid.

25 3. The method of ciaim 1 wherein the removing carrier fluid
36 step comprises at least one of mechanical doctoring, draining by gravity.
centrifugal removal. blowing, and suction. solidification of carrier followed by
doctoring, magnetic attraction. absorption by contacting with an absorptive solid
material. gelation of the carrier then doctoring, gelation of the coating then

30  doctoring. solidification of the coating then doctoring, adsorption of the carrier
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respectively. Table 6 gives the latex mass flow rate and
the _coating calipers |0 obtained at the web speed of 27 cmsec. a | atex

soli ‘ds fraction of 0.45. and amaiT——  nozzle gap to the web in the range
of I to 2 m. The coat appear ed “ﬁ m“““” ctional and defect free
upon vi sual | ns m hm |“| PCT/USORA 480
flow P@ﬁt,k,%,s Coat i ng
Cal i per Coatl ng Cali per (gm cm sec) (A

(A 0. 0786 160000 350000

0. 0302 62000fluid, and chémitdDbbnding of the coating followed by mecharfical #¢dfoval of
46000 102000 0. 0151 38000

84000 carrier. 0. 0060 15000 33000

0. 0030 8000 17000. 0.24

470000 1040000 - 31-

4. The method of claim 1 wherein the thickness of the coating
5 deposited on the substrate is less than 50 microns.

5. The method of claim | wherein the moving step comprises
moving the substrate 32 through the coating station at speeds of up to 2000

m/min.
10
6. The method of claim 1 further comprising the step of
selecting a carrier fluid 36 that is not miscible with the coating fluid 34, that has a
lower viscosity than the coating fluid, and that has surface tension greater than the
coating fluid.
15
7. The method of claim 1 wherein the substrate 32 is a transfer
surface 110.

8. The method of claim | wherein the forming a composite
20 layer 48 step comprises using carrier fluid 36 that is immiscible with the coating
fluid 34 with which it forms an interface and wherein the carrier fluid has wetting
propetties that cause it to not remain as a continuous film covering the surface of

the first and second coating fluid-coated substrate.

25 9. The method of claim 8 further comprising the step of
depositing on the substrate 32 the coating fluid 34 at wet calipers between 25 and
10000 angstroms.

10.  The method of claim 1 wherein the forming a composite
30 layer 48 step comprises using carrier fluid 36 that is immiscible with the coating

fluid 34 with which it forms an interface and wherein the carrier fluid has wetting
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PCT/ US95/ 14879 Exanpl e 11: Rel ease Coating Prepared From a Sol vent

Sol Utiom —sTg—the=STTOe curtai n coating 4l € shown 1n
Figure 1. an ultra-thin coatin e rel ease coating was
applied to W{S%na treat ed m‘ﬁ\m{“m“m'“‘\i“mpn cron cal i pefrulsasgs! | Y
orientated a pol'ypropyl ene web. BFFETE " ™s =« The coating fluid was a
solution of 1.1%tagged urethane polynmer in a solvent consisting of |
part of toluene, 1 part of tetradecane. and 2 parts of xylol. The
fluorescent agepiopemigs trit cdusé it fenisih S CONIRLMTTIMRVeritigihe siithcdof the U. S.
Patent No. 4.978. 731 (Exanple 2) with the exception that the solvent blend

reci ted above wiist aadsecond,eoating fyid-¢optedsubstvate: oat i ng 1 ui d was estimated as
0.7 10 cp. The surface tension of the coating fluid was 25 dyne/cm and

the density was 0.9 gnmcnB. Al these properties were neasured at
24[err] C. Various coatingll. Themethbd of\Elaitn RNheteR(thE Yorfiliig 4 botdpésite \\veb
speed while maintaining the punping rate of the syringe pu of

Exanpl e 1 di $pelpyerfld stepcomprisesusing carderfluid 36 thatismiscible withthe soamgdluidv de
slot. Carrier i | m/mn. and the curtain 15 heights
ranged from 3 }[Ngi %hndﬁlﬁ% {t%&s\%ﬁmgﬁg&' The carrier fluid used was tap
wat er fromthe nunicipal water supply w thout any surface tension
nodi fyi ng additives. The water_was supplied . at a tenperature of
27[err] C to a vacuum degabdi ngThemedipd ehanynfslrims 1Gangs blufugtherf copgising

Vi scosity vas. cobrieh T AeRUTRRo e jbSnd fie (Sdife e B Wy GlbgS orerrtbin o o

descri bed i no Exd¢Q@0angstroms. Fl uorescence neasurenents
I ndi cat ed conpl ete coverage and dried coating weights that were
proportional to web speed. Rel ease values are given in Table 7.

Rel ease performance was eyql u ] ' 2.04.cmw de strip 25 of
Scotch 810 Magi ¢ Tape. pu}/%hag’ie'@ldlpgté%&mﬁgé%?gh%pﬁil&egfogﬁ@gammposug
Manuf act uri ng Caywed8)stepStampirises predénting st carrier Auid 36 florh eém4ifingiasgs using a 2
kg roller. The tape stri,ps were th peeled fromthe ultra-thin

t5e giecs ofthe

coatings at an SHPjRBORsiiim covenng coptingflyig-coated sybstrate after the
15 deposition step and after the doctoring step while the substrate is in the coating
station.

14.  The method of claim 1 wherein the removing carrier fluid 36
step comprises removing at least ten percent of the carrier fluid without drying the

20 carrier fluid while leaving the layer of coating fluid 34 deposited on the substrate.

15.  The method of claim 14 wherein the removing the carrier

fluid 36 step comprises removing the carrier fluid without blowing off with a gas
knife.

16.  The method of claim ! wherein the removing the carrier
fluid 36 step comprises removing the carrier fluid after solidifying or gelling of the

carrier fluid and after gelling, solidifying or chemically reacting the coating fluid.

30 17.  An apparatus for coating a substrate with an ultra-thin laver
comprising:
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Exanpl e 12: Coating with a non-Agueous Hi gh-\ﬁ scosity Carrier Fluid s
Using the slide curtain coating die shown in Figure 1. an ultra-thin
coating of a epoxy-silicone adis 19,6080 PO forglactingp carsier fluid 360| yester web

The. coating fluid consisted fl
described in Exanple 7 m%oﬁgg%’%gﬁﬁgﬁgfeg‘%%%%?&ﬁgﬁ@eﬁ ‘ﬁ%ﬁv I'SC SI ty
was 9 cp, and the midﬁss%emmﬂempﬂuma&h%mmaeﬂa&mmm:mach
dyne/cm The coating densi ty was 1. mMerr]. The carrier fluid was

Dowt herm{err] SR-1 comrlg;ﬂuméo gm@l plwehw q%m“elayers of flyid in face-to-face cartagtow
Chemi cal - Company of,;{{| atR Biier &t 48hmpbeiid 1ye? 4851 1Y 1S

means for moving the substrate at a spaced distance from the die to
permit the composite layer to form a continuous flowing fluid bridge to the
substrate surface for the coating width and to deposit the coating layer on the
substrate; and
10 means for removing carrier fluid while leaving the coating fluid
deposited on the substrate as a coating layer.
18.  The apparatus of claim 17 wherein the die 10, 60, 80, 90
has a face 40, a slot 44 communicating with the face, and a lip 46, wherein the
15 carrier fluid 36 exits from the slot onto the face and flows along the face to the lip,
wherein the depositing means deposits the coating fluid 34 onto the carrier fluid
while the carrier fluid flows along th.e.face. and wherein the composite layer is

transported along the die face to the die lip.
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18 cp, and the surface tension was 34 dyne/cm The carrier density was 1.14
gmcnB. The carrier fluid was supplied froma tank at a tenperature of

22[___'err]C and punped to the coating die using a gear punp. The rate of
supply was 2700 15 m/mn. The polyester web was the sane as used in

Exanpl e 1. The pol yester web, the coating i ly
appar at us angocggg??gﬁg die were the sane as used in Exarwépﬁ&?aus%ﬁwi ng
coating, the slide curtain coating di,e, was positioned above coating
station roll 57 as in Exanple 3 with a t‘hée&urtain hei ght of 7 nm The
i npi ngenment angl e was approximately 45. The coating 20 fluid slot width
was 24 cmwhile the carrier fluid slot wdth was 25 cm The

distributing slot gaps for the coating fluid and the carrier fluid were 160

and 800 - 33- WD 96/ 23595
PCT/ US95/ 14879 m crons respectively. The carrier fluid was

si mul t aneously drained by gravity and blown off with an air knife. The
air knife nozzle gap was 250 m crons and the conpressed air was
supplied to itg%t a pressure of 200 Kpa. Residual droplets of gl ycol
were washed fr the surface of sanples obtained with water. 5

The coating, fl (i g was suppli,ed fro 60 m syringe driven by a

syringe punp=r<=pupiry fl ui t a e of 0.5 gmmn. The web speed was

hel d c t 19 cmfsec. ggnti nuous coatings were observed in the

sanpl es. Thig cal cul gtedjwetf C er for these conditions was '

approxi matel y|1700 Thils exanpl ¢ denonstrates that inmm scible

coating fluid and ier 1Tuid Combinations |10 may be used where the

carrier is not watet. It denonstrates §he use of a carrier of hi gher

viscosity than-the ggating fluid. 4% Many vari ations of the
he

descri bed systens can be used. For exafpl e, flog g |l ayer of
carrier fluid need not be formed fl ow gfror’? sl of -d<tie. It can
be formed fromthe flow over a weir orjan operf-t so, ,the 15
conposite | ayer need not be formed on {he die. 4G d can be
deposited on the carrier fluid after i{ |eav I Al so, a

mul tiple | ayer carrier fluid and § nulg g fluid can be
used. A multiple |ayer

/0
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carrier fluid could have a pure upper |ayer and a recycled | ower |ayer.
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coating a substrate 32 with a | ayer conprising

1. A nmet hod of
the steps of: 5

noving the ggkghisgse 32 along a path through a coating statjQnicec: e
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form ng a conposite |layer 48 conprising at |east one coating fluid 34
and,at |east one carrier fluid 36 having a forrmulation different fromthat

of . each coating fluid; fTowmng the conposite TIayer
48 “at a rate that is sufficient to forma |0 continuous flowing fluid
briwdge of c [ | ayer to the substrate 32 for the C ing w dth,
wher ei n theQ@§$§#%$ fluid 34 portion of the conposite Iaye?‘ﬁ@hﬂygﬂﬂ'

cont i nuous: cont ac ipgthe substrate 32 with the fl ow ng
conposite |ayer 48 to i nt erpose the coating |ayer 34 between the
substrate 32 and the carrier fluid 36; 15 and ' renovi ng
carrier fluid 36 while leaving the coating fluid 34 deposited on the
substrate as a coating |ayer. 2. The net hod of
claim1l wherein the flowing step conprises 20 flow ng the conposite |ayer
48 at a rate that is sufficient to forma continuous flowing fluid

bridge of conposite layer to the substrate 32 for the coating w dth,

Wi t hout being sufficiently high to forma continuous flowing fluid bridge

~of- only the coating fluid., 25 3. The met hod of
.claim1 wherein the renoving carrier fluid 36 step conprises at | east
-one of mechanical doctoring, draining by gravity. centrifugal renoval
‘bl owi ng, and suction, solidification of carrier followed by doct ori ng,

magnetic attraction, absorption by contacting with an absorptive solid

-material. gelation of the carrier then doctoring, gelation of the coating
‘then 30 doctoring. solidification of the coating then doctoring, adsorption

of the carrier - 35- WO

96/ 23595 P:T/UF95/14879
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fluid, and chem cal bonding of the coating followed by nechanical renoval

of carrier., 4. The met hod of claim1 wherein
t he’ thickmessof —the coati Mg 5 deposited oM The substrate 15 1ess than 50
m Gr ons. 5. The nmethod of claim1 wherein the

nMowi Ng step conprises
station at S&M up to 2000
The nethod of claim1 further conprising £i§ step of

novi ng the substrate 32 through the
mmn. 10

PCTi
selecting a

carrier fluid 36 that is not mscible with the coating fluid 34,
| ower viscosity than the coating fluid, and that has surface tension
7.

greater than the

coating fluid. 15

met hod of claim| wherein the substrate 32 is a transfer
wherein the form ng a conposite 20

8. The nethod of claim!l
step conprises using carrier fluid 36 that

G0

that has a

The

surface 110.

| ayer 48

is immscible with the coating

fluid 34 with which it forns an interface and wherein the carrier fluid has

wetting properties that cause it to not

covering the surface of
Substrate. 25
conprising the step of

fluid 34 at wet calipers between 25 and

fluid 34 with which it forns an interface and wh

wetting

remain as a continuous film

the first and second coating fl uid-coated
The nethod of claim8 further

depositing on the substrate 32 the coating
10000 angstrons.
10. The nethod of claim1 wherein the form ng a conposite
step conprises using carrier fluid 36 that is inms

9.

b

i.ble wt
I the ¢

30

h

| ayer 48
oating
| uid has

Frc.5



properties that cause it to remain as a continuous filmcovering the
surface of the first and second coating fluid-coated substrate.

11.™ aim I"wWherein TNe TormMg a conposite 5  Tayer 48
step conprises using carrier fluid 36 that is miscible with the coating

flud 3 i ich it forms an interface. 12.
The net hod oﬁwﬁ%éggﬁhclains 10 and 11 further conprising Pc??%ﬁ%?@% of
depositing on the substrate the coatingsflﬂéd at wet calipers larger than
10. 10000 angstr ons. /6 13 " The nethod of claim 12
wherein the form ng a conposite | ayer 48 step conprises preventing the
carrier fluid 36 fromremaining as a continuous filmcovering the
surface of the coating fluid-coated substrate after the 15 deposition step
and after the doctoring step while the substrate is in the coating

station. 14. The nethod of claiml wherein the
removing carrier fluid 36 step conprises renoving | g@st ten percent
of the carrier fluid without drying the 20 carrier f %&ile | eavi ng

the layer of coating fluid 34 deposited on the sufgstrat
15. The met hod of claim 14 wherein the renoving
36 step conprises renpving the carrier fluid without\
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knife. 25 16. The nethod of claim| wherein the
renpving the carrier fluid 36 step conprises renoving the carrier
flyid after solidifying or gelling of the carrirer flTurd and after
gelfling. solidifying or chenmically reacting the coating fl uid. 30

17 AN appYdenssekOr coating a substrate with an ultra- thwn?sl‘ﬁfm9
conpri si ng: 3

a die 10, 60, 80, 90 for ejecting a carrBef 8! uid 36;

means for depositing at |east one coating fluid 34 onto the carrier

fluid 36, wherein the carrier fluid has a formulation different fromthat

of . each coating fluid, to create a plurality of flow ng |ayers of
fluid in face-to-face contact 5 wth each oth 0 rma conposite |ayer
48: means for noving the s at a spaced

di stance fromthe die to permt the ognposi ayer to forma
continuous flowing fluid bridge to the ubs ehaurfawh for the
coating width and to deposit the coating |a e bstrate; and
.10 means for renovi ng\ca *ﬁ WhiTE |-aV|ng t he
coating fluid deposited on the sNpst a(- --tlng ‘er

18. The apparatus of claim 17 wher €Pn t he d| 3 has a
face 40, a slot 44 conmunicating with th i L- erein the
15 carrier fluid 36 exits fromthe sl %ﬂ o e a ro floms al ong the
face to the lip, wherein the depog\ -/f~»" oo | $M™pe coating

fluid 34 onto the carrier fluid §§Mﬂ| ' |F | ows al ong

the face, and wherein the conposite

J
N N
N
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‘6




73-7
transported alongthe dlefacetothe die lip. 97055 >
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