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The present invention relates to coating. Mire particularly, the

present i nvwgsbégsd €l ates to preparing and applying ul tra- tgtfueansiodo
str.i pes. 10 BACKROUND OF THE | NVENTI ON Coating is
the process of replacing the gas contacting a substrate, usually a
solid surface such as a web, by a layer of fluid. Sonetines, multiple

| ayers 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

| ubricating oil to metal 15 i.n metal coil processing or the application

of chem cal reactants tomq-;m%”pmfhsrp@glmgmf orma substrate
surface. Alternatively, the coating can dried If it contains a

volatile fluid to | eave behi nWHAN UH)G&ATE\IGﬁHﬂP&:Spal nt, or can be
cured or in gone other way solidified to a functional coating such as a
rel ease coating to which a pressure sensitive adhesive will not
aggressively stWods of applying coating are discussed in
Cohen, E.D. and Gutoff, -Moder n- Coating and Drying Technol ogy,
VCH Publ i shers, New York mwvmtlonr%swcoe;mz \MB”FH*‘BL‘%‘E‘E ynteand

Converting Tec *‘5&9&99%\«%'%9%9 5 tkparitigand applymg ultra-thin coating stripes.

10 BACKGROUND OF THE INVENTION
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
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

15 inmetal coil processing or the application of chemical reactants to activate or
chemiéally 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
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.

20  Methods of applying coaiing 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
Vorstrand Reinhold Publishing Co., New York 1984. It is desired and necessary
in many situations to coat ultra-thin layers which are layers no more than §

25 microns thick. |

Numerous products are made from webs coated with stripes of two
or mo'ré different formulations coated downweb side-by-side. This technology is
useful in manufacturing differential release coatings and in other products. The
different formulations may differ in color through the addition of a dye or

30  pigment. or they may differ in chemical formulation to have different chemical,
physical, or surface properties.
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than water expansion technique, mwlmget eeatingdhicknessos below
A 61 micron. 16 S854R05wle Sl G W el

t echni ques, none S:ar‘coaMmum dﬂmﬂmatdblw:hﬂhmbbmbyevapoaﬁomto 0.1

m cron. To achi eve
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10 Ds P s of applying uItrathln coati ngs

nol ecul e by nol ecul e or Difcaﬁmhmuﬂﬁmowsﬁ it SdhtihgPbRcM@POr
phase and the el ectrospray ocess descri E i'n U.S." Patent No.

4,748, 043. However,
successf ul | y vapori
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byapplesulg or drop anqlmsouﬂenerasﬁsm vapor phase andthean be
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coslt
coatmgs of commerclal interest can be successfully vaponmd and the

electrospray process is limited to a narrow range of viscosity and electrical
propemes of the coating fluid.

| For tlucknesses greater than 0 1 lmcron, multlple roll or transfer
roll coaters are used. Typical commerc:al eqmpment includes the five roll coater
sold by the Bachofen & Meier AG of Bulach, Germany, and others This coater
style is expensive to_ purchase and maintain because o_f its many driven rolls. Any
deflect in the surface of the rolls usually produces a repeating defect in the
ooaung Addmonally. these coaters have not successfully applied wet coatings in
the 0.005 t0 0.1 rmcron range.

~ Water expansxon techmques first started w1th the Langmuu-
Blodgett method of producmg and deposmng monomolecular films as described

| | by Blodgett in the Journal of the American Chemical Soczety (Vol. 57, 1007,

1935). This method involves casting a dilute solvent solution of a film-forming
organic mo‘lecule on a stagnant water surface. The solution spreads to form a thin
film on the water-axr mterface. The solvent is evaporated leaving behmd a
monolayer of film fonmng molecules ' The film is then deposited on the surface
of a substrate by passlng the substrate through the water surface on which the

' monomolecular layer film is riding. U S. Patent No. 4, 093 757 discloses forming



15 properties of the coating fluid. For thicknesses
greater than 0.1 mcron, nmultiple roll or transfer roll coaters are
Used. Typical conmercial equlpnent Tncludes the five roll coater sol d

by the Baciglghsgs Vei €r AG of Bul ach, Gernany, and ot hergaﬁw ater
style is expensive to purchase and mai ntai n because of ven
rolls. Any 20 defect in the surface of the rolls usually produces a
repeati ng defect in the . coating. Additionally, these coaters have not

successful |y agintifsbusfionsmaled tonaconﬁﬁlﬁ)ugs&bgﬁateohgaﬂesm’%n range.
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sol ution sprea to fo*:m filmon the water-air interface. The
sol vent isJev R ‘B’émnﬁ'd a monol ayer of film formng
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form ng
PCT/ USO5/ 161 0&Pread on the water-six interfuce. To achies fhis formany %mssfptm@ﬁmascom i nuous
substrate. Japadiomil Rslvehior surface act\RHgk @S iriudibeTSurdiand Gded Sc! 0ses an

i nprovenent of the Langnuir:Bl odgett .nonomol ecul ar technol ogy where
films gredPer Additionall mwlcaﬂmayelsmwthﬂawOfmadmg Also,

the speed of coating the substrate is lumted by other problems It is reported that
at modest speeds of 10 to 50 m/mmute, air bubbles tend to be trapped between
the film and the substrate. Water expansion techmques rely on pnckmg the
coating from a stagnant water pond by passmg the substrate through the water

1S  surface or oontactmg the substrate to the water surfaee Often, evaporation of
solvent must occur to create a solid or near sohd surface ﬁlm to allow the direct
transfer of the coatmg to the substrate The surface of the pond is also subject to
contamination that can increase with ttme, degradmg the coatmg quahty The
water expansion techmque is not known to be useable thh rmsmble coattng

20  fluids and water soluble or dtsperstble coatmg constttuents _

* To use these known techmques to apply abutted stde-by-slde
downweb stripes requires multiple proeessmg steps For example, multiroll
transfer coaters would requtre two coating stanons, one for each formulatron. In
addition, extremely precise trackmg of the web and alrgnment of the coater is

25 necessary to produce the abuttmg srde-by-srde stnpes wrthout overlap or gaps
between the stnpes '

There is no known method of usmg water expanston techniques to
apply abutting and different down web stripes sxmultaneously One would expect
that if different formulattons with different water surface spreadmg characteristics

30  were placed on the surface of water, the material with the lughest spreading
coefficient or the formulation with the Inghest rate of spreadmg would dominate

W




are deposited on a continuous substrate to forman ultra-thin filmcoating
at 5 thicknesses of—6-685-to—5 mcrons. -—— A though
the water surface expansi on techni que can coat usef ul coatings on
substrat es, i_twpééfa‘f s that the coating fluid spontaneously ahc %’&‘
spread on the water-air interface. To achieve this for many coating

fornmul ati ons, addi tional solvents or surface active agents nust be
found and added. 1 Qiﬁ; i (ﬁﬂﬂi . Va . .ﬂiﬁlﬂ?o ' ' | o ted by
the rate of spr ead&ﬁé".’a ‘_éi?so, Jg3§t e?sélggie(d 0 c°o§§¢%§°§‘ﬁ'té’ﬁ§uﬁ‘§l°r‘“§te S

[inmited by other pneissaryso pradutesstripeaso Alsegliftwaliquids of diffetentsuciacs terisdre of
10 to 50 mMm nute, air,.bupbbles,iend to be trapped_ befween the film
and the subst rate.PWéFs’é?‘b& Santact the, é’%}’?’ _ Hﬁﬂ@?@%‘
coating froma stagpanis sHEkIA baye lnd , mbma?a},&&mw%aﬂe

er s

water 15 surface or contacting the substrate to the wal urface.
Of ten, evapor at$ onintgirface at that point and towardithekigh surface tansion fuid. s\gaini such near

solid surface fil o.allo he di t . .. trapsfer, of.th al.ing to the
substrate. The surfe %‘%W#h&”ﬁ@?ﬁ@@%’d‘tmsﬂg tfsep"_s’ttf]m%c"g%'ﬁation
that can increase Mﬂaﬁbﬂﬁsuﬁﬂ&hﬂ%ﬁﬁnﬁhﬂit&@%ﬁﬂﬂsﬁﬁéﬂdﬂd’ﬁqﬁd‘&mbm.water

expansi on technique is not known to be useable wth mscible coating 20

fluids and water sWithsheknowndechpelogy.theonly, procedyre fon srepting-sbutting stripes using

To use these known rf!??g?!'ﬂ!'lﬁﬁ ' Vi . ‘ad.side-hy-.si . . web
stripes requires multiplFe proé‘e’gg?érelgl sl?gésﬂe ﬁ%ﬁ%}%?@%ﬁ?m%ﬁlg%m
transfer coaters vapplied, tissacoating mmeriz) A, theg saippingahisfirsDmasking ofEthe fveb,
formulation. In - . jtion, extrenely precise trackihg of the web and
al i gnnent of the c@ﬁt@iﬁ! ng tnaterigh A then migskigg &deas@dt_snéacab@smwnsand

si de- by-si de stri pgaddiih H#&erﬁ B! dndRhed rerdloNii ' Hﬁ??gﬁﬂ" S§h arbd :
There is no known metm)xdeo usYn’gA“\?/atermgxpa%tsl}egﬁcqtnec niques to éeaﬁlgppl y
abutting and dif f enequitesaultiplecdatiog stapiens, andris tomplex uNlagufactuming/ pradutt by thisc t
that if different formul atiosgls with different water surface spreading
characteristics 30PO°RBFSBPh¢ed on the surface of water, the material with

t he hi ghest spgseadi ng coefficient or the fornulation with the highest
rate of spreading would doni nate :
3

This invention is an apparatus and method which coat a plurality
of simultaneously applied, abutting stripes of differing coating formulations onto
substrates. The substrate is moved along a path through the coating étation. A

20  plurality of separate flowing layers of coatmg fluids is formed and flowed into
side-by-side abutting contact to form a singlé flowing layer of side-by-side stripes
of different formulations. A flowing layer of a carrier fluid s formed and the
plurality of coating fluids is flowed in contact with the carrier fluid to form a
composite layer. The composite layet ﬂoWs ata :éte that is sufficiently high to

25 form a continuous flowing fluid bndge of -composite'.]ajer to the substrate surface
for the coating width, The flowing composite layer contacts the substrate to
interpose the coating layer between the substrate and the carrier fluid. The carrier
fluid is removed while leaﬁ_n_g the doating fluid on the substrate as a coating
layer. | | -

30 The substrate passes through the coating station at speeds ranging

up 10 2000 m/minute. The forming step can use a slide coater, a curtain coater, an

4
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PCT/ US95/ 16106 the water surface malting it inpossible to formthe
difscrete controlTed régions necessary to produce stripes. Also, If

two |iqui ds Q%E?ffer ent surface tensions are pl acq’qrﬂn{;‘gﬁgﬁi‘g‘ by- si de
n

cont act, es created by the unbal anced surface S should'
cause the mating line at every point to nove perpendicular to the
interface at that point and toward the high surface tension fluid. Agaln

such beh w&d t SatdPk posi t
fluid of differen on ?QSt&féQF%oﬁhlgegs unl'r%rm consta%'emtﬁp%e abutting
stripes on a Immﬂmyoﬂbhkhﬂedesmbedm%h@&éub%ﬂhebmhnﬂttdm the only
procedure for creatin trl es.u wat er nsion is by
first masking 6?1‘5‘“9 'gﬁ‘g’ 5&?%"&%5%331'%@ ﬁ‘ggl appl i ed,

then coating ”ﬁhﬂ%laevaﬁoraﬁ&ﬁ ﬂsnag ékaab Bﬂmhﬁiﬁnf: KieRl, soRGitation oi ﬁemﬁ@orwe b,

then solidifying material A’ then masking the A coated surface, then
coating ands coatmsmatriqrfqlweﬁ&vm W&Mﬁmemmbmﬁhcond

ek ng St SBRHEMGE, Adsion N kidbl by S BEBIRRRY | o512 1S

SUMMARY OF THErdnibFéBUrfacR) such as a roll or a belt, before conthbiing thamﬂ:stmem'hé an

apparatus and nethod, whi ch coat .a plurality- &m i mul taneousl y
appl i ed, abuttmgeréluﬂ g8 be someyed fromm the ranstar sprdace ap tiﬁ thg geating

substr at es. mﬁﬂﬁd Mﬁ@a@hﬁ@ sirflc@Ugh the coating
station. A 20 p?ura Ity o@ls‘eparate ow ng layers of coating fluids is

fornmed andid | owed into mesubstatdmw)bealcdm:wmmbmnmg'amedsmfﬂm ma single
flow ng | ayer side-b stri ifferent formulations. A
f1owi ng | ayer &00 E‘é’?‘*’%/ “553?%1” t@‘&’fﬁ"ﬁﬁ&’ﬁﬂ&ﬁ’ﬁ sth Bty of
coating fluid iried WRBugh the ehking Satid N the carrier fl UId to forma
conposite |l ayer. The conposite layer flows at a rate that is sufficiently

high to

15 Figure 1 is a schematic view of a slide curtain coating apparatus
accordmg to the present mventron. | | -
Figure 2 is a schemauc vrew of a Jet coattng apparatus according
to another embodrmem of the present mvennon |
Frgure 3i isa schemattc view of a known slot die coatmg apparatus.
20 ' Figure 4isa schematic view of a simplified curtain coating
apparatus according 1o another embodiment of the present mventron
thure 5 is a schematic view of another embodtment of the present
invention using a transfer roll where the c_arner fluid is removed before the
i transfer of the coating ﬂutdtotheweb )
25 Frgure 6isa schemattc view of another embodtment of the present
rnvennon using a transfer roll to carry the carrier and coatmg ﬂunds to the web.

' ~ Figure 7 is a schematrc view of another embodlment of the present
mventron using a knife over roll device combined with a die apphcator of the
coating fluid.

30 | Frgure 8 isa schernatxc view of another embodiment of the present
rnventton used for coatrng adjaeent stnpes
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25 forma continuous flowing fluid bridge of conposite |ayer to the
substrate surface for—ttre—coat i ng. wi-dtt—Fhe fl owi ng conposite | ayer
contacts the substrate to interpose the coating |ayer between the
substrate and tW@9¥34988 o1 f|uid. The carrier fluid is recPEIESPSERos o

| eaving the coating fluid on the substrate as a coating | ayer. 30
The substrate passes through the coating station at. speeds ranging up
Lo 2000 1 i nut e The  or 1 05l e %Sl ilS A B ot o ighun

96/ 24088 ' Figure 10 is a side view of another shim used in the coater of
PCT/ US95/ 16106- -~ - extrusion coater, a slot coater, a knife coater, a
jet coater, a roll Figwe8. or ot her coaters, many of which are

described in Cohen and Gut of fg. ] L L ved by
doctoring, suction, draining %5%?:}13%éﬂog{ﬁ%émwr?g“%@e%ﬁ?ﬁepﬁgﬁ‘%?M&g&m
renoval , evaporasion, using electric or magnetic fields, solidification or
gel ling of 5 coating. carrl followed by rnmechani cal renoval,
absorption, or conbt ey . ION { hese nethods. Additionall y, the

conposite layer can be deposimqﬂsﬂﬂégﬁm’ ﬂ°w%@%h§kl%hamq’?cﬁﬁad

roll or a belt, before contacting the substr carrier
" can be renoved fronfluidand coating fluidsis cfeated and\depositadiontthesirfacé bfa substdté)Guch

fluid is transferre f- suhstrate fromthe transfer surface. ., 10
The substrate may b%éags% §°9%‘E’rsﬁ$ﬁ1wﬁlbn'ﬁfesgg‘€ﬂ§§m8@af“¥§m°nm@000
m i nut e t hr ougho t hthattha fuidd-ofiipdditeQilyed First bortButs the witb ik S AR confosit! t S

transported through the coating station. :
layer with carrier Tluid at the air interface on the web and coating fluid between

the web and the carrier fluid. The carrier fluid is removed to leave an ultra-thin
co_ating ﬂui_d layer. o |
The substrate can be any substrate such as a continuous web,

15 discrete shgets or rigid piéce parts, or an array of pieces or parts trahsported
through the coating station. The coaung fluid can be coated at mean thicknesses
that are ultra-thin raqgin_g from 0.005 to 5 microns. Additionally, fluids can be
coated onto substrates at thicknesses greater than the ul&a-thin range including
100 microns or mdre. |

N Figure 1 shows a coating station having an apparatus for coating at
speeds of 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 connected to a
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 tank 24 by a

25  precision metering pixmp 26 through a surge tank 27, a filter 28 and a ﬂ.ow meter

29, A coating station is located next to the di€ 10. A continuous web 32 passes

. thrbugh 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

30 tank 14 by the precision metering pump 16 through the filter 18 and the bubble

© tap20into the intemnal cavity 12 of the coating die 10, Carrier fluid 36 is

6



BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 is a

schematic view of a slide curtain coating apparatus according to the
preEsent rmventton. — Figure Z 1S a schematic view of a
jet coati tus according to anot her enbodi rrevﬁgvﬁ%#} pr esent

i nvent i onwogw Figure 3 is a schematic 6a"%ﬁno_yvn

sl ot die coating apparatus. 20 Figure 4 is a schematic

view of a sinplified curtain coating appar at us according to anot her
embodi ment of Lligeddla® s Bokitrolle: Fﬂéfr&ﬂthe slonmetemt%{ﬁtﬂ is a .
schemati c view of" anot her enbodi nent. t%te pre vention using a

transfer roll m&mmamhmwﬁmzs,mmwwmmmemm transfer

f th o 6
schemat | o vi coPtS1 2881 fePoming i 1E Semer it sorssumpely Sdedtq P abimBh, Ui ng a
transfer roll mmm@hmmmww@sm%m&&amoﬂsm@e@ﬁb |

Figure 7 is a schematlc vi ew of anot her enbodi nent of the present
i nvention ui nthownknlamk 24 jseonneqted tgamMacuum: savme vehich s et showne Feirecat or  of

th coat chenatic view of
angt her enbod: nen‘{ow#élﬁgﬂg‘rvé%tgnfﬂmm“%\’}gi{l on %%%%tﬁmam% 2 ngv\%dj acent

stripes. coating fluid.
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used in the coabm pafd I8 S tHd width of the die lOandtothedte facé'ﬁuwb}o Is a side
vi ew of another shimused in the coater o ;
10 dtstnbutron slots 42, 44. The composne layer is formed by continuously
 metering the respecttve ﬂmds through respectrve onﬁces of the slots The
coating fluid 34 flows onto the top of the carrier fluid 36 at the exit of the slot 44,
and then flows on top of the carrier ﬂurd, in face-to-face contact, down the
inclined die face 40 to the die hp 46. me the lip 46, the composite layer film
15 falls in a curtain 48 under the influence of gravnty to contact the web 32. The web
' 32 is moved through the coatmg station and past the die 10 so that when the
mulitiple layer curtain 48 contacts the web 32 the coatmg fluid is adjacent the web
 surface and is interposed between the web and the carrier ﬂmd The coating fluid
34 contacts the web. The carrier ﬂmd 36 does not. At the point of contact, a
20 composite layer of coatlng fluid and carner fluid has been applied to the web.
The compostte layer ﬂows at a rate that is suﬁlcxently high to form
a flowing, umntemrpted fluid brtdge of composrte layer from the die lip 46 to the
web surface for the coating width. The rate of the coating fluid alone need not
sufficient to form a continuous ﬂowtng ﬂurd bndge Regardless of whether the
25 coatmg fluid is contmuous, the carrier ﬂmd must be contmuous The fluid bridge
'has two distinct ﬂmd-gas tnterfaces the coatmg ﬂmd-a:r interface and the 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
30 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




Fi gure 8. Fi gure 11 I'sS. a cross-sectional view of a
web coated with stri pes.—5—— - DETAI LEEDESCRI PTI ON s e
In this invention, a flow ng corrp05|te layer fluid stream of carrier.

£luid and coat iR i s created and deposited on the surfacBCHPS9316106

substrate, ‘such - as a web. Deposition occurs as the web noves through
the coating station such 10 that the fluid conposite layer first contacts
the web surface to r he
air interface on th%%m an coat“}i‘ﬁ'=¥|:"°f‘gﬁ’¥ %Ma‘ﬁ% d'{"ﬁ{ée%gha E.?%

carrier fluid. The flaidicortact theiwkbi itaanmnadcbmpbmtsahamtﬁhstimatﬁemanng

coating fluid layer. The, sybst'r cgn be, an

substrate such as %m#ﬂtﬂdﬂmm%m&.wgméefe g}e‘i"%‘?&ﬂ 4%@?
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station. The coating I'd can- be coat ed at nean thicknesses that are
ultra-thin rangifg Wwatenortis Buids. IherpmpmofAMmmﬂuidmdnhmmM be

coated onto substrates at thic rea er t ha Itrath|n range
including 0o Bt i TP Angoia vl cabh Buld 6 et rm optugus e
coating station haVﬁﬁﬂWb&ﬁwfﬂcbﬁ@‘iﬁd% aAﬁerthecaxﬁﬁMtrﬂfspéﬂsttﬁe

2000 m m nute. A coating.die 10, shown as a photographic sljde
curtain coater, hascoating ﬂwnmwemmyﬁqzlwmosml@masdmﬂmﬂewsb the

connected to a pr,

filter 18 and a bubﬁﬁgwﬁ“é%éfgxo&d Aﬂ%ﬂ{e%&lg{ Bﬁt;%ré%o\? ntern

cavi Ly 22hv\/m chig s wMWna:Mﬂ%ﬁm@Wuﬁﬂanwh ng punp
26 through a surge.tank 27 [er and a ow net

coating station is |ocated ni&“l“&"‘!&f@ M“E’Hﬁ?‘?&’&cﬂ%’ %B“@?fﬁﬁgses

t hrough the coat| NOAGV gtd, %an@&hﬁpeaﬂl& g,;,g,g«g-rmverse

to the Coating flul 34|s at a
preci sely cont roI I dbemberefsebmdhdﬁﬁlstddaakhemﬂspetqumxgedﬂmah\erl ng
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6 15 the carrier fluid curtain 48. This path need not be vertical. Under the influence of
surface tension fo'rces._, ezlgcn'o.s_ta'ticﬂforccs, viscous traction forces, or magnetic
forces, the path can be ;uﬁed oratan angle néar horizontal, especially when the
gap from the die to the web is small. At very low speeds, it is often necessary to
use a small curtain height (less than 1 cm), an impingement angle near zero, and a
20  minimum carrier flow rate to maintain a continuous, disturbance-free curtain 48
' between the lip 46 and the web 32. The curtain 48 must contact the web so that
the coating fluid assumes the web velocity, and the coating fluid is acquired by
and carried along with the web. Excessively large camu' flow rates,
impingement angles, or ixhpingement vglocit'iés can cause instability of the fluid
25 bridge when it contacts the iaveb This can disrupt thé coating, or entrain or
'emulsxfy the coatmg ﬂmd in the carrier ﬂuxd.
The removal of allora pornon of the carrier ﬂmd from the web 32
Without'objécuonable removal of the coating fluid is possible if at least one of the
following physical and chemical property cdhditions are met: (a) the carrier fluid
30 is substa:mally more volatile than the coating fluid and can be evaporated leaving
' behmd the coating; (b) the carrier fluid has a substantially lower viscosity than



WD 96/ 24088 .
PCT/ US95/ 16106 punped at a controlled rate fromthe tank 24 by .the

ptectsTomT-TEter T Ty punp 2o through the surge tank 27, the filter 28,
and the f{lmsﬁ%gr 29 into the internal cavity 22 pphiséiiesggat i ng die”
10. Carrier urd is continuously added to thé vacuum tank 24. )

through a flow control valve 23 and flow neter 25 froma source (not 5
shown). Tank 24 is connected to a vacuum source which is not shown. For

ul'tra- - m&edanﬁgﬂwaymehm&ﬂawmxmw&weoaﬁgmmwebs much
greater than that of the ... coatin f|UId The
internal cavi {d)}the ¢oating fuid preferentially, %&Pbﬁ‘?&"fllbﬁld@ substeate; (¢)

LT LS R i Mt Qe 0

conti nuously carrier fluidehebé stgofbsd andremoced M&ohtwu@whhamah;brh:ngspect ive

orifices of the slot The - oatip uid 34 fl]o nt o etop of
the carriepf fl%ﬁd&‘%ﬁﬁ'&!“i‘ﬁé”gﬂdt“@% h@"gﬂblft ifythe co \ﬁs“éqc\) £ | ows on

top of the cangd ‘ﬂd“ drifhiicis oftéh dadlef- t O- f ace cont act, down the i nclined
die face 40 to t die l1p.46. Fromthe lip 46, the conposite layer film
falls in a curtain 48 uAdedtmum@mncgmhqdyofmahoactlasQe web 32.

o that wen @HBE porion of i crrisr 3 apstle: LriindhOle Bl eGP mL" 32 ho

coating fl ui dat pwiwétAgees nid€ofBScarrier fluid EanHeakdnanihdertheé fifRemesEd bet ween
the web and the carrier fluid. The coating fluid . - 34 contacts the

web. The d&r r igeavity inip g repeptacle 50 while thacoating fiyid remains op gnd iscerricd aygy
conposite 'ay%m%e&%‘te&gtﬁ]mnq o s;{e@iaflg ?ymo&%ﬁe&mmp{%ﬁﬁdl to the

web. e conposl ows al a rate
sufficiently ib))tand {grare met Athighhtspeedsgagasrdoubenazztet sudhfab an air br i dge of

conposite la er fromt die facefpr he
at 1 Sbesppasie 39 s 1 Eirs § o1 sipglesmenr @eviucifaingie. A & of

coating w dt h doetprn
- gas52i issues from the nozzle 54 creatxng pressure and shear to force the carrier

15 - fluid off the web. At htgh speeds, the camerﬂutd can also be thrown off by
centrifugal force when the web rapidly changes dtrectton when turning around a
~ small diameter roll.
Surpnsmgly, when the coattng ﬂuld on the web is less than 10
" microns thick, and condition (b) is met, mechamcal doctors (not shown) can
20 remove the majority of the carrier fluid leavmg the majonty, oﬁen all, of the
coating fluid on the web. o
Inone example, the coatmg ﬂutd is depostted asa layer at least
100 times thinner than the camer fluid; the coating layer has a viscosity ten times
higher than the carrier layer, the coatmg ﬂmd hasa vapor pressure less than half
25  that of the carrier layer; the coatmg layer has interfacial propert:es such that it
does not de-wet from the web while travelmg through the coatmg station; the
carrier fluid has interfacial properties such that it does de-wet from the coatmg
fluid-wet web; and the mterfactal tension between the camer ﬂmd and the coatmg
fluid is greater than 1 dyne/cm "
30 ' Another unexpected feature of this mventnon is that if the carrier
and coating fluids are immiscible and the v:scosny of the coaung fluid is higher




sufficient to forma continuous rovm ng £ UId brldge Regar dl ess of whet her
the 25 coating fluid isTomtinuous, the carrier flui'd nust be

continuous. The_fluid bridge has two distinct fluid- gas interfaces:
the coating flul@*RM8¥ nterface and the carrier f1uid-ai PCFWFWKAQ% _
Gases other than a@ir can be used as Iong as they do not interfere
With the coating process. The carrler fIU|d|sa

di sti nct COprOSI ti carrier
fluid functions to r{nE?{a tgtrl%%%éﬂ d\;@grﬁﬁ%g&g éé)rﬂ%fcﬁ]"?% all V@% pon
whi ch the coating fammmmmtavmwaymmwysmcmmw&rmﬂﬂumeme

7 VO 96/ 24088, -
PCT/ US95/ 16106 unmixegapplication of multipls Guid layemao & wehbotlayars mustherkeptiper

of coating fluid bahfingr B i@k | t%slmfdz%dm%h%?ﬁ@hhgnhﬁbdmﬁcaﬁé”

contain conponents that diffuse 1 nto e coat or- so
materials that By skhedlomedaverrinsinelineds trazisitional xftheRepmldmmw;Bleaé

tap O veacer or ARRORS e B IBNER iR Hointer 83k e T0O€ e By dean anc ¢ e
carrier fluid md&ﬂ%ﬁaNbﬁuﬁsﬁ;hdwshﬁh%ﬁnﬁk%d\m%ﬁommuﬁﬁém?ﬁwh' ui d

to forma continuouys surface . film where desired, before reaching the

web. After the car N&W@HM%@WP&&M“‘CPel’umbmdthgfmchnedmdmishhe web

and after the corrpxﬁcﬁ | YR carrier
fluid is renoved ﬁt{y e ﬂcdé‘?rl e&%ﬁ@%ﬁl&%ﬁﬁﬁﬁ@gﬂ%w% 'l?ﬁg as
10 what remmitas Mwmmmunamhmdmmﬂu;m;msneﬁomslms&d he coat ed
web. To, achi eve_good coating uniformty-on the web,

the carrier flujd calculated fig the equation, Reztiim. $till unexpecte aneris thetir t ai n
angl e of inpi nge”emmc&mnﬂéhhybeobmned ofmlsclbleooatmgand carrier fluids. In this case,

the mechanical removal of at least some pomon of the carrier fluid is produced by
dramage or by blowing it oﬁ' with the gas doctor nozzle 54.
s The coating ﬂund 34is metered at a controlled volumetnc flow
rate to the die 10 by the metenng pump 16. 'I'he mean tlnckness of the wet
| coatmg on the web 32 wxll approxxmately equal the volume of coating ﬂmd
delivered per unit time dwxded by the surface area of web upon whlch it is spread.
When coating a continuous web, this area will _equal the coated width of the web
20 multii)lied'by the web speed. This enables easj adjustmenf of the applied coating
deposition rate. It can be changed propomonally by cha.ngmg the coating
pumpmg rate or inversely propomonally by changmg the web speed. If the web
speed varies with time, the coating deposited can be kept constant by varying the
coating flow rate in proportion to the web speed. | | |
25 - Figure 2 shows an alternative eoaung die useful for coetlrlg at
varying 'speeds and preferably above 200 m/min. The die 60 is a multiple layer
jet coater, The die 60 ejects a free ﬂowmg Jet of fluid 62 from the die slot 64,
which receives carrier fluid 36 from the cavity 66 The coating ﬂu:d 34 issues
from a cavity 68 and aslot 70 and slides along mclmed die face 72 until it
30 resides on the j Jet.of carrier fluid 36 emanating from the slot 64. The  composite
 jet 62 of two layers is formed at the exit of the slot 64.
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the web are selected and adjusted as the web speed is changed. The curtain
hei ght "h" is the distance between the die |lip 46 and the web 32 al ong the
path or 1Ib The carrier 1rurd curtarn 48. Thrs path need not be vertical.

Under the jafkugaee of surface tension forces, electr ic forces,

. 9 . [@ IB
vi scous tractron rorces, or nmagnetic forces, the pa curved
or at an angle near horizontal, especially when the gap fromthe die
to the web is small. At very |ow speeds, it is often necessary to use

a smal | curtain height M&Wa&tésmeﬂaﬁngj&)bﬁmasﬁmm&%ﬂ%ﬁf zero,

and a 20 mnimumecarrier flowrate.to maintaln a continuous,
di st ur bance- frtb%dléelotéflﬂﬂ@ﬁiﬂeﬂﬂyh@twb@lﬁywﬁmﬂpm&mmmmhemﬂz The

curtain 48 nu he .coatjn i d,assunes the
web velocity, Séa‘ﬁ@t E@E@g&%%@&ﬁs@ggﬂtb 033}& “'*“'9%*{1‘8 ried al ong
with the web. ﬁi\t(ﬁ%ﬁﬁﬂwebat’inhafegipﬁar\viﬂeajébﬁtérfﬁéﬁ&tdcamerbnﬂ rjéenent

angl es, or |np|ngenent vel ocitires can cause |nstab|I|t e f|UId 25

bri dge wherd i t6268mbeereated hasizoptally onyegtically, upwvard hegmyusedin ent r ai n

'(I)'he rermvgtlmJI w*@‘@e‘%ﬁ]&ﬁ#&%ﬁ@‘t‘%ﬁ@ﬁ% c#"*l Xtt??%ﬂ%b 32

Wi t hO]lc.lt ﬁbj ectﬂoodmfglblﬁcdaﬁmmaihweh‘befdgememd 'hﬁbgai'dtllllgai)onhmwfbhlgdef at | east

one of the - 0 ng physi cal, an eni ca rt'y ‘conditions are

met (a) the c&?‘l‘?’é‘r"ﬁ?'ﬂ 'B@‘ ﬁ‘é“’% E"@"@H YStem$an the

coating flui dpaReuwedn3.e8M,Y mrtﬁéaﬁctewsaﬂcmgm ky ewi aheneaatl ng; (b)
sl

the carrier fluid has a substantially | ower: vi
8 W 9 &gk GleBeoaters have not been used for simultaneous multlple layer application

R U
preferentially reacts vxlet&baeis u&cﬁbmﬁbe&nhmgths mﬂashbﬂt&uon( Sérial

No. 08/3 82 963 entrtled "Multtple Layer Coatutg Method " are dtsttngutshed
from slot or extrus:on eoaters m the followmg ways Ftrst in jet coaters, the gap

15  between the coater lips and the web is usually greater than ten times the thickness
of the fluid layer apphed to the web The second difference is lllustrated by
| comparing the die 60 of thure 2 w:th the die 80 of thure 3. Figure 3 shows
how fluid ﬂows from a slot die when not in close proxnmrty to the web. The slot
die 80 has an mternal geometry and hp geometry that can be used for slot or

20 extrusion coatmg Iti is usually posmoned so that the dte slot 82is honzontal
Thus. the coating ﬂuld 86 issuing from the die slot 82 will flow vemcally from
the die lip 84 as shown rf the web i is far away from the die. Somettmes the fluid
will run down the face 85 before brealong free from the die body With a jet
coater the fluid will jet from the die ltps w:th a veloetty great enough to form a

25 ﬂutd sheet with a top and bottom free surface unmedxately upon exiting the die
slot. A drsttngmshmg feature of the  jet eoatmg method is that itcan apply fluid
to a web at some modest dlstance from the die ltps relat:ve to the thickness of the
fluid jet sheet thtckness Importantly the tlow is great enough to break free from
the die lips unaided by any other forces (sueh as gravrty, magnetic, and

30 electrostatic) and form a free sheet that moves fora measurable dxstanee
horizontally away from the lips.




either coating or carrier are gelled or SO|IdIerd at the coating station;

and (f) the carri etr—ft+uid—¢an be absorbed and renoved—by contacting
wi th an absor bi ﬂ‘{ﬁ medium 1f the carrier fluid is (g) not mscible
with the coatln% W removal of the carrier fluid is PEHUSAS/16106
easi er. A number of alternative mechanical methods of
rrenoval of at | east sonme portion of the carrier fluid are possible.

I f conditions (b), (c), or (d web speeds { of
the carrier fluid can be drai ne@&gﬁ%qﬂﬁe m!gf%th@e‘ et §patgt, a'coa :ﬂ#‘f? into
a receptacle 50 whi Wouhmd:eﬂ@aﬁdﬂmbﬁmﬂtdﬂotmdawﬂmﬁdﬁﬁcéﬂzm
with the web. Gavit dral |s .especi al | ffective at Iowspeeds | f
condi ti ons }IX" 6(J R@mrl& Xﬁ% LS camrasiie aygfmslet(ﬁget or

nozzl e, such as an The j etfonnsa‘iﬂﬁfﬂldg?ﬁ@t@e@hli@ meﬁ roE{t » can

suppl ement gravity drainage I ssues e nozzle
54 creating presSurmmng#Mefthemﬁbmththmw thea:arr%ﬂmdﬂdwratb aid the he

web. At high speeds, ‘{he carri.er fl ui al s e thrown of f

centrifugal force mll'sl’]‘ﬂ"ﬁéwﬂl“ﬁ‘&ﬂrsﬂﬁ ﬁﬂ;ﬁ@é HW@J{}?‘ l‘l‘et‘%lﬁbn"izﬂgdls
around a snal kardé ith fHelweb without entrmmr?adetnmental a'ﬁlUquéﬁhr”gl Y
when t he coatlngflwd on e web is |less - mcrons t

condition (b) is nebﬂwmﬂiamgﬂemm@wmdgwmw@mmmm

majority of the Carﬁxb‘éﬁ%lfel-ﬁhﬁ | eaving the majority, often all, of the
coating fluid on the we I n one exanple, the coating
fluid is deposited as a Iayerlfatullnaaui‘ncoanngtsﬂéiﬂ;rm'edmsaédittﬂg\ﬂmdtdmn t he

carrier fluid;, the coatin SCOSI y ten tines gher
than the carrier | alPoptan ‘g’éiyéﬂgm’fﬁ }53 ‘lflaé’églff@“lde@s t han
half 25 that of t pgﬁﬁ{l Ntk

ks ssﬁéwnﬁmémh%ﬁé’@ea ?Pom t r}agb&ﬁtgb%ﬂlﬁﬁ ’?ﬂgbgével i ng

properties such that not de-wet
t hrough the coati ngﬂwlascunprﬂmdxscreated hyspumping éarmigrdluih36 tonhedrew@% of

properties such that t frgmthe coat,i flujd-wet web;
and the interfacial® ?'5%910%? Sgﬁlﬁﬁ o174, and qntq, °1dle3gff%ﬁ1dn\el‘i’é° Jaand lip
fluid is greaters tm&dékiglﬁﬂmauwthe carrier fluid 36 to flow un&li‘illellﬁﬂuéﬁeé §‘j

feature of this inventign 1s that if the carrier: and coatlng
are imiscible and ke die be&gﬂoylwhlclené’al@@ambnggmgamés hmghharwebn The
9 coaung fluid 34 is deposned drop bydrop orasaconnnuous stream onto the

carrier fluid 36 surface bya nozzle 100. The rate of ﬂow of the carrier fluid and
the time of travel to the lip from which the carrier bndges to the movmg web
20 surface must be sufficient to aclueve the desired eoverage
Many different dev:ces can be used to fonn the composnte layer
A slide coatmg apparatus, a curtain coating apparatus, an extrusion coating
apparatus a slot coating apparatus a jet coatmg apparatus ora roll coating
apparatus can be used. Addttlonally, the eomposxte layer can be deposited on a
25 transfer surface, suchasa roll ora belt, before comacung the web, as shown in
Figure 5. The carrier fluid 36 i is removed from the transfer roll 74 and the coating
fluid is transferred to the web 32 from the transfer roll. This is accomplished by
supporting the web 32 on the roller 76 which forms a mp with the transfer roll 74.
Some portion of the coatmg can remam on the roll 74 surface aﬁer transfer to the
30 web at the mp between the rolls 76 74

12
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PCT/ US95/ 16106 than that of the carrier fluid, the flow of the
c ' . become tTurburent. Previously, it
has al way aught that for the sinultaneous

applicati CS?KR tiple fluid layers to a web, both | ayer‘gﬂﬁlﬁgg’lﬂg‘; kept in
| am nar flow in their respective slots 42 and 44, and in flow down the die
face 40. 5 The flow down an incline is transitional if the Reynolds

Nurmber, Re, is greater mmanam%%ﬁhe @ﬁ&wﬂfnlﬁ#\ﬂe gunber is

| ess than 1000. For f.low down - :a Newton non- shear
“thinning flui d'lhetmma}do}'etlssMnttbonﬂlsdgll()enda!tqmdcultatnMWnnMere Gis

th fl t | t
eSSl ekt 30115, A BN o il batpen i 50
bel ow 1400 to gmaR: foll H@aﬂdﬁweﬁ@hnspbﬁtréll 114, w%hrbﬁexﬁiemheiauéﬂumer i's

calculated fromthe equation Re=G'm- Stjl:d another-unexpected feature is

t hat 5 t hThe gapdd? ispdiusted sottmbsreapwblemuﬂm pneindbwhileallowing carri er

bort i an of 1 heALSTREcompopite ayd 06 SEREARE oD 1SS R ogBlgnithe 302, SO1°
it off with thmmmmcﬁﬂﬂﬁmuﬁﬂthegﬁﬁlnmthesurfaoeofiﬂéeol@@% ang) fluid 34

is netered at ontrol l,ed vol ynmetgic fl ow rate to , the die 10 by the
net eri ng punp ‘E‘Bf‘l"f& guItAin, contacts it ?%Wﬂ@ﬂ)@f’“‘sm“w%ﬁb‘ﬁmﬁﬁhﬂhe web

32 will approm’,m Fhde eaHb? Et?ﬁ’ﬁds el ivered
i ace area o gglag tl.r?:tﬁ etg&

per unit time divided by t he sur S spread.
Wien coatildg dl2onpartiemofishewsriertfividmay mmdmtheqwﬂcebft&euamfed'oﬂ\n dth of the

web 20 nul tiglihe eed T | e rtt of the
applied coati ﬁ‘g}b ﬂ‘“‘"%ﬁ’&%%@?‘?‘@ {e mﬂﬁ%ﬁﬁ”’tﬂa&fﬁ’éﬁéﬁﬂw T’%nal ly by
changi ng the Gmoithewce gtacleSwmmﬁgpotﬁbnbfwehﬁﬁen’ﬂtﬁdgﬂ%%&ﬂﬂe| y by
changi ng the web, spee | f the web ~... speed varies with tinme, the

coat i ng deposicewtingdlird wet wehsurfaes and isemoyed b Wﬁ@lﬂﬂ%ﬂlﬁﬂrdoc@!)atl ng flow

rate in pr opornt,h.gpsg Qrain!i}f‘g Bﬁ}aﬁ{}%ﬁﬂ ‘the reeeptacle 50.
15 Another verston of the apparatus of thure 6is shown in Figure 7.

The metered layer of carrter flutd 36 is created ata prectsxon orifice 120 between
the lip 122 of a dre 124 and the surface ofa transfer roll 126. The transfer roil
126 rotates through eamer ﬂmd 36, contamed by a pan 128, brmgmg an excess to
the gap 120. ‘l'he eoatmg ﬂutd 34i is pumped to the dte cavity 12 and exits from
20 theslot42 through an onﬁce onto the dte face 38. It flows down the ltp 122 and
" onto the carner ﬂutd 36 as it exits the gap 120 to form a ﬂowmg composlte layer
130 on the transfer roll 126 A prectsxon gap 132is mamtamed between the
transfer roll 126 a.nd the web transport roll 134 whtch rotate in opposite
dtreet:ons The gap 132 is adjusted so that a hqurd curtain forms in it while
25 allowing all of the compostte layer 130 on the transfer roll 126 to pass through
 the gap 132. The web 32is a]so carned through the gap 132 on the surface of the
~ web transport roll 134 and the ltqutd cut'aam oontacts it so that the eoatmg fluid
34is mterposed between the web surface and the earner fluid 36. Asthe
composite layer 130 exits from the gap 132, some of the carrier ﬂmd may remain
30  on the surface of the transfer roll 126 andd_ram back into the pan 128. The
remaining carrier fluid stays on the coating fluid wet web surface and is removed

13




25 Figure 2 shows an alternative coating die useful for
coating at varyi ng speeds and preferably—above 200 mMmn. The die 60
is anultiple |ayer jet coater. The die 60 ejects a free flowing jet
of fluid 62 froWa%edsBe sl ot 64, whi ch receives carri er POTHISSS/Ba06
fromthe cavity 66. The coating fluid 34 issues froma cavity 68 and’
a slot 70, and slides al ong |ncI|ned die face 72 until it 30 resides on the

jet of carrier flui emana fromthes 64,i The conpo j et
62 of two |ayers |scx? dg?rﬁ‘a“’&f’ é’??tf’ Wtﬁéé’?‘ﬁ‘!‘ gxgraw %03“”3“1"“13
10 WO 96/ 24063

PCT/ US95/ 16106 A jet coater creates a free
flowing jet of fluid 62 that Tbsemyns ﬂmmmdthmmmn@fmtﬂa

oravi Ly 11 contr ascProRercs gpe visaf b el i Wl sty oo A€ wRb s afte being,
to break fsr eesphead Gvéritee suﬁfaéddiﬁnjmrdpoﬁ tiffough/ht bomngetauﬁﬂaﬁﬁd’mplém

fluid carrier bridge or jet - 5 62 can_ be ‘created horlzontally'
vertical ly upward. Jegtingfinidscoatabledythisinveation arhmonomers,qaseme@aﬁqlwns of

I ndustry to apply o e gsictel hnls¥o

f1 oodi ng of coati ng’l{:&ﬁoﬁk&'%ﬁ% s?%‘?galr‘rie r'ng b@'ﬁa ro#s’ggg or sgng] ag% of a

bl ade coat er Msmndeﬁﬂmpmdﬂdmdﬂi&ch@loﬁﬁnﬂmxﬁbm&ngsmgw&khl nery
t he Bl ack, Cl.awson Cospany of

d t ' o hure #23-CM
oo Vork New 10 NG iplsese coatessslonAdbesio captings. BABIDELBIFG PHFRVE Ae s
mul tiple |ayer agpl 'déﬁﬁdg@?esponmvem@lﬁctfdzﬁﬁgﬂ&néﬁdﬁﬁmcﬁiﬂ SringhehioNaas Of

fluid on a web.

protective coatings, optlcally actnve coatmgs, and chem:cally acnve coatings.
Coatings made by this lnvenuon are expected to have utility in manufactunng
products such as pressure-sensitive adhesive tapes, photograpluc films, magnetic
recording tapes, gas separation membranes', reﬂectiée sheeting and signing,

15 med:cal dtessmgs, coated abrasives, pnntmg plates, and films.

This invention dxffers from surface expansion methods in that
surface expansmn techniques require an immiscible coating fluid or a fluid
containing some insoluble componems to spontaneously, rapidly spread overa
near stagnant pool of water to create ultra-thin films of coatmg The inventor has

20 _dlscovered that the coatmg fluids, both miscible and immiscible, can flow onto

' the surface of a moving carrier fluid as an uitra-thin or thin film layer. This
enhances the range of ﬂuid ooating§ that can be coated ultra-thin. Also, in this
invention, the entire composite layer forms a flowing liquid bridge and is
transferred to the Web surface; then the carrier fluid is removed.

25 This invention makes possible very high coating speeds in excess
of 500 meters per minute. Known expansion techniques are limited td less than
50 meters per minute, an order of magnitude Jess. With expanslon techmques,
the coatmg fluid is deposited onto the web directly from the surface of a liquid

' tank filled with water. This water is a fixed volume, relatively stagnant pool.
30 - Contamination of the water with the expansion method is always a risk. With
~ this invention, the continuous flow of cﬁrri__cr fluid helps avoid this problem.
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Jet coaters, described in copending U S. Patent Application Serial .
No. 08/382,963, entitled "Miltiple Layer Coating Method," are distinguished
fromstot—or—extrusi omcoaters imtne rol I owng ways. First, 1n jet

coaters, the gap 15 bet ween the coater lips and theé ally
greater t W2 times the thickness of the flui d%ﬁ’?”@% led to

the web. The second difference is illustrated by conparing the die
60 of Figure 2 vvith the die 80 of Fi gure 3. Figure 3 shows how fluid

flows froma sk T’m poTgo) fgﬁheghﬁslot
die 80 has an |n ’ernal “geonetry ?lgd geo?rxleﬂ%l/h%r&at can be used for slot
or 20 extrummercsuﬂ‘acertgaﬂprrckumeﬁjhecanpgbyﬂn@nbsdatm that the die slot 82
is horizontal . Th t he.co i d 86 .issuing. fro he die sl ot
82 will flow vertical .|y dﬁ‘He“““%HFﬁ%ng"q tide SRR AR b | <
far away fromghijgwdi ﬁeéﬂﬁﬂdﬂ&dﬂr@@mﬁéﬂmﬂdﬂowmgeﬂieﬂotbﬂﬁ‘agﬁ% the face 85
before breaklnﬂgfreefromthe di e bod%m1 aj et - coaler the fluid
-fif

will jet frsomflavdngicampositelayeriwitha freq

Soe A it AORPoS U ARSI BB A iRt 9, 1 "0 T ©
ly fluid infderup/6fia pNiralitg GF distinte fdyerdiesérowisen I
?gloa%/l veu![ o] thog.ﬁn ckness of theIaie fI uid. glet skg?ﬁ?ﬁ?gngtegs 'ps

I mportant |y t Heisqible,Thep %Ph&ﬁﬂgﬂ? litiple layef e die |ips

unai ded by any g Fchfn% Qéel?:t p&ﬁ,, fl‘let , ,ﬁ@@&%ﬂﬁ ﬁﬂ%
el ectrostatic) anl%q or eet "t hat m)vrgs orEa r'r:eas s%l e di stance

hori zont al 1oy a\a@;udnalbynthdmuhlpsteaches that thv\ﬂmﬂebm& the formulation of

2 J et coator APeen IR gbay pemjscile. Indeed hey ArRRRIN R S MGG 11 s 1 1 om

the slot 70 d%%\rﬁoh@\dat& face 72 and onto
The literature teaches that the mterfacral tension between the
| layered fluids be very low, preferably zero, and the sm'face tenslon of adjacent
15 layers should be only slxghtly different. Wrth this invention. the interfacial
" tension between the carrier and the coating is preferred to be as high as possible,
and the surface tens:ons are preferred to differ mdely to facilitate carrier removal.
When multlple layer slide or curtain coatmg is used, the literature
teaches that all layers flow in a laminar, streamlined ma.nner to maintain the

20 layered structure and to avoid mixing the layers. With this invention, the fluids
can remain unmixed even if the camer fluid becomes turbulent |
When multxple layer slrde, curtain, or slot coatrng methods are
used, the literature teaches that the rano of thickness of top-to-bottom adjacent
fluid layers be no larger than 100 to 1 and no srngle layer be thinner than 0.1
25 micron. This mventlon uses ratios of up to 100,000 to 1 and single layer
thicknesses as thin as 0. 005 micron. Known slide, cumun, and slot coating
" methods can not coat a single or muluple layer coanng wluch has a total wet
thickness of 5 microns or less. Thrs apparatus can produce single layer coatings
- of 0.005 to 100 microns.
30 Figure 8 shows a coating station having an :app.aratus.for coating
thin stripes. A coating die 210, similar to that of Figure 1, has a first internal
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the carrier fluid 36 jetting fromthe slot 64 to forma conposite | ayer
free jet 62. The yet—+Fornas a fluid bridge between the die and the
web. The angle of = 5 “inpingenent of the jet 62 with the web 32, 'the
carrier fluid fMOP6R4888 and the web speed are adj ust ed PCTAIS9I6106
the coating fluid first contacts the web 32 and is carried al ong
with the web wi thout entraining a detrimental ampunt of -air bet ween

the coating fluid andt Lt hou n | ui d, W|th
the carrier fluid. 31% cav:ty&!#n nﬁquai Pﬁﬂ"ﬁfi@gﬂ

perfornmed of a coatIm:eﬁhglpihprmmroughamﬁmumewsbuﬁamoamﬁazwwds
on the free surface of a carrier flujd apparat us shown in

Figure 4 can be usewwwnﬂm%mam%% Th& tp@pl%g%xs(ypnnectedtoamw ng
er fluid cr
Carmer 1141015 o eaiey bt b i AR R AL
](cil: e facg 96 ﬁnd Isflp 'I‘HédleZB(Balwlmsdahnr@mmﬂndloa\nmmth dﬂhelxmanﬂgg:agmfzazlxsl 3ﬁ to
ow under the influenc ra e die I r ich it
falls as a bridgin WP%#PMF&%@%%GS%NWWM mEeriRE RN | Ui d 34
i s deposited drgp gythﬂft@ﬂa@ﬁrgémzﬁ?rhtﬁl&k'm aﬁ&iﬁ%ﬂ&%@ﬁhﬂm statiod' i er

fluid 36 surface by a nozzl e 100. The rate of -fl.ow of the carrler flurd and

the time of travel tmchlﬂ@thdbqheﬂ%mdmﬂm'BMhéM¢MM|%QWSGWM| ng
web 20 surface nust ffici he desirsed cov

Many different devi c‘é’gg%go\ tboé”d‘g %ﬁ%ﬁfvﬁgﬁ '5’3?‘{%% o the'web.
slide coating apparatus, a curg ﬂhﬂc&ﬂﬁéﬂﬁﬂ%ﬂ%ﬁpﬁ&ﬁﬂﬁmﬁﬁﬂﬂ&hﬂﬂe&m&l ng
apparatus, a slot coating apparatus, ajet coating apparatus, or a roll

coati ng appar Jtem thedank 214 hythe pregision meiesing pumpi246 thraughdthe Slter218.and an
be deposited on a 28 b wzmﬁﬁﬁwga@?#%o?mecﬂ&m%#f c}h@ Eﬁ’ﬁe

contacting the web, as s e carrie
removed fromthe t reﬁnafpassagetvhym a‘hsbcbﬂrdacoaung fluid 248 1spunipedladapmcxscly

Suppor 1 ng the web SPASRTGd e s e el 274 P TR R 'Sﬁ%ﬁgﬁﬁémmugﬂ““e e,

roll 74. Sgyre ﬂl&im@&xﬂmbﬁ%lé?@ﬁiﬁmmﬁaﬁbih&m@aﬁ&m
surface after transfer to the 3 web at -the nip betweén the roIIs 76 74.
12 _ Othroughafecd passageway 332. Carrier fluid 252 is pumped atacon_trolled

rate from the tank 234 by the precision metering pump 236 through the surge tank
227, the filter 238 and the flow meter 229 into the internal cavxty 232 of the
coatmg die 220 through a passageway 334, Camer fluid is continuously added to
20  the vacuum tank 234 through a flow control valve 223 and flow meter 225 from a
' source (not shown). The tank 234 is connected to a vacuum source which is not
shown. For ultra-thin coatmgs, the flow rate of the carrier fluid is much greater
than that of the coating ﬂmd
The internal cavmes 212 222, 232 dlstnbute the flow of coatmg
25 fiuids 244, 248, and carrier fluid 242 across the width of the die 220 and to the
die faces 256, 258 by respective dxstnbutxon slots 260 262, 264. The slot 260 is
formed between die plates 266 and 268, The slot 262 is formed between die
plates 268 and 270 and the slot 264 is formed between die plates 270 and 272.
The slot 260 gap is set by a shim 274, also shown i in figure 9. The
30  width of the shim 274 equals the width of the die 220. I_t; thlckn_ess determines
the slot 260 gap and normally ranges from 0.0127 cm to 0.127 cm. Itis |
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WD 96/ 24088

PCT/ US95/ 16106 : Anot her variation of this coating

' Frgure 6. — The conposite Tayer 1s rornmed on the
die 10 an |d curtain 48 is formed - fromthelq,_l.ﬁ'J ransfer
roll 110. q’ﬁgﬁ% sion gap 112 i s maintai ned between the SI’Bf"?%ﬁtnsfer

roll 116 and a web transport roll 114, which rotate in opposite directions.

5 The gap 112 is adjusted so that a second quuid curtaln forms in it

o base. 1 oug R 8 bl nERAAS, hosee 196 ioiubiAhes [0 10

gap 112 on the phﬁl&&;élmlteha‘?& dSﬂattfamedmitheshmeMtb@rdduqclaslotth| n

e surface andiaiim 23f ssgRRib peitctn i Bt FRE € TSR AL 1 om e

gap 10 112coxﬁnﬁ9ﬁ§acaﬂsﬂfevhmdfa{erdlmfiémﬁum @#infoehed he surface of
the transfer roll i s renoved fromthe transfer roll surface

by a doct or 5bl mons@?aam,asépf@eshxm In thig;mgnnen,dhe fivstoating fuid @44 i

et b Sut' o e S T2 o b 2, M ol e o a1 10 101

nozzl e 54 drai @u-ipeshtgnedwithmeapmmgstnhmermeﬁoaoichawcreatdcﬁbythenotches
Anot her version_of .the agﬁarat us of Figure 6 is shown in Figure 7.
The netered | apd® 280 inthe shidy27 yi d 36 is created at a precision orifice 120

between -~ - the lip 12ﬁ,gglotgggh§pég&b§%8ﬁugsg”l v fﬁﬂhgqx@sfer roll

126. The transfer roll 6 rot at
cont ai ned kg alhamdtﬁﬁfthbsﬁmpﬂ%gqmlsﬂmm&hofﬂtedtezzo fts¢higknessi 20. The

327 hr gugh an_ reio PS4 nd hefmatshies R BTN 012 D, 55° 0™
onto the carri ﬁcohﬁt\k@d&ﬁtsﬁﬁdribr&ﬁehﬁoﬁdlﬁatﬂﬁ&eﬁﬁZWdﬁﬁnﬁbﬁs(fsﬂtﬁe(\dxag
conposi te |ayer 130 on the-transfer. roll 126. A precision gap 132 is

mai nt ai ned bet M@hénotchwrtmﬁnoﬁtamth@tlummmém%@om wheasthort rol |
134 which rot aigmy ;0 sHaRRhkd Getween the plates 268, 270. The slot 262i is not continuous

15 across the width of the dle but is mtermpted by the unnotched pomons 296, 298
of the shim. In this manner the second ooatmg ﬂmd 248 is metered onto the face
288 of the die plate 270 and ﬂows down the face 288 as a stripe aligned with the
opemng in the slot 262 whtch is created by the notch 294 in the shim 290.
' Altemauvely, the shims 274 290 can be replaced by notches
20 | machined directly into a face of the d1e plate Vanous numbers and combmattons
 of shims and notches can be used to create various stnpe patterns.

The die plate 268 is wedged shaped 80 that the slots 260 262
merge together at the wedge pomt 300. The shims 274, 290 are conﬁgured to
produce a stripe of the second coattng ﬂllld 248 abutted to the stripes of first

‘25 coating fluid 244 on each side of the die face 288. To connect ad_;acent stripes,
*the sides 302, 304 of the notch 294 in the shim 290 are ahgned with the notch
sides 306, 308 of the shim 274. The sides 302, 306 are allgned and the sides 304,

308 are ahgned This physxcal mergmg of the slots at their exits and the
alignment of their edges produces a single layer of stnpes of coating fluids 244

30 and 248 that join together at their edges and flow down the face 288 as a single
flowing layer of abutted stripes. o | -
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directions. The gap 132 is adj usted so that a liquid curtain forns in it
vihil e 25 allowi ng all @f-the conp05|te Iaye-r-—i30 on the transfer roll 126

to pass through the gap 132. The web 32 is also carried through the
gap 132 on t he WOQPEA088 of the web transport roll 134, anfCE ’H%"%‘f‘
curtain contacts it so that the coating fluid 34 s |nterposed
between the web surface and the carrier fluid 36. As the corrposite

| ayer 130 exits fromthe gap: f t carriar fI
on the surface ofthe transfer o‘?arﬂefﬁ“‘ﬁﬂ%ri&‘zm“ﬁs mgt‘m%ﬁ‘% The
remai ning carrier fuwmaweq@nmmmmemm ﬂsmumﬁxammd S

renoved
96/ 24088 ' 264 gap and normally ranges from 0.0127 em to 0. 127 cm. The carrier ﬂmd 252

PCT/US95/16106  gows gg%g P%&%ﬁ%thg Sxitt G?th@'sfot Q&Ftﬂmﬂ%ﬁhﬁéﬁgwﬁh FNg

by gravity into the'rec ting
fluid should have aamaﬂimnmtﬂmﬁnpﬁqmampésaﬁowdonmthe surfare of thetcarier finid 252

viscosity so that it not -wet fromth ur,f ace ter bei 5
spread over the surf® qﬁ”ﬂ?&fﬂ?ﬁﬂ‘ﬁ?ﬁ@@?ﬂﬁ%@éﬂ%’g‘i%%&

Exanpl es of ' MZSQQ fIU| ds coatable by this invention are nononers,
ol i goners, solutions of : di ssol ved solids, solid-fluid di spersi ons,

fluid mxtures, and enul si onsTheweting fluids 244, 248 ﬂewanbth%@ofthemﬂm ng a

ot nas-1 ow adnosPehERRII YOI RR uen fow ob BRlot R H6RRZ in, o

responsive to elgct fREREHARE tontichloNn thelintlined diefaké TS8X0 U@ Hip 386.f Frohtithe
protective coatings ically active coatings, and_chemically_ active

t
Boat i ngs, o lip b she eemposije laysr i, fols i acsartain 418 v the dnflusnge ol
utility in manufact Bfavitfto contact the web 242. Theweb242 is moved through the coating

station and past the die 220 so that when the multiple layer curtain 318 contacts
the web 242 the coating fluid is adjacent the wéb éﬁr_face and is interposed
15 between the web and the carrier fluid. The coating ﬂulds 244, 248 contact the
web 242. The carrier fluid 252 does not. At the point of contact, a composite
'layer of coatmg fluid and carrier ﬂmd has been apphed to the web.
The flow rate of the coaung fluids 244, 248 are so low that they
form ultrathin layers when they flow onto the carrier fluid 252 at the exit of the
20  slot 264, Gener#lly, their thicknesses range from 50 to 20,000 angstroms. After
" the coniposite layer is deposit'ed on the web 242 the web passes arouﬁd aroller
320 and the carrier fluid 252 is removed. If the carner fluid 252 is water which
has a low vnscosuy and a high surface tension and the coating fluids are organics
" of moderate to high viscosity and low surface tenslon, the removal may be
25 accomphshed by simple dnumng at low web speeds | I_ .
- Figure 11 shows a cross section of the coated web 242 after
" removal of the carrier fluid 252. The second coatmg ﬂmd 248 is deposited as the
 stripe 322 for the length of the substrate. The first coating fiuid 244 is deposited
as stnpes 324, 326 which abut both sides of the stnpe 322. The web thickness
30 will commonly be 10 to 10,000 tlmgs thicker than that of the applied coating
fluids.
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products such as pressure-sensitive adhesive tapes, photographic filns,

magneti c recordi ng tapes, gas separation nmenbranes, reflective
sﬁeeflng and sIgning, 15 nmedi cal “dressi ngs, coated abrasives, printing

pl at es, - angofde This invention di Eégb fromsurface -
expansi on nmethods in that surface expansion techniq S’é&ﬁl“ﬁe an

I mm sci ble coating fluid or a fluid cont ai ni ng sone insol ubl e ’
conmponents to spontaneously, rapidly spread over a near stagnant pool

of water to create uItrav@@lgnrﬂﬂsing‘py ﬁﬁsﬁaﬁ&%m&&( smdg

di scovered that the_ coating fluids, both:ms e ‘and | can flow
ont o the www@l%muahﬂw&symmmrﬂnmnsﬂm“e@atpam n or thin

filml Thi d b
Coated ol 4 pdh of e G0 RIE 8o Y e forkl b ciosf BB et e o
| ayer forms a mmummemmﬁsuﬁmemefﬁnwatwm@ the web

surface; then the car | j's remoyed. 25 - Thi s i
i nventi on makedaY5BYON Wﬁ@ﬁﬂhmmmém@tmmtof 500
nmeters per m ”‘llla?oné‘&ﬁ%m ?d s than E
50 neters per mnute, an order g?por#ag | %gggtgn% 19%0% sl’@; .

t echni ques, 306, m&ofﬁleahimsgmydatetalmoﬂmnsmﬁdﬁeems ofwhe wiakinglliiect | y from
t he surface of _a nk fi hvvat ThIS water is a fixed
vol une, relati ﬁéP{f@ﬁkﬁﬁaﬂ%%ﬁe%JW&M thecorrespongdingslotyi t h t he
expansi on' net hehdthsinahe di¥.SAR of thidlatel H%vementseérﬂtﬁ ob&t‘fﬁé?orﬁﬂeoodﬁﬁg

continuous flow of carrier fluid: helps avoid thi:s proble

14 19 fluids flowento the carrier ﬂmd, and no movement has been yet detected on the
PCT/ US95/ 16106 carrier fluid or after coatrng on the subsn'ate Thrs unexpected behavror assists

the coatmg of abuttmg stnpes
~ When the adJacent smpes are composed of ﬂmds of dtfferent
physical and ehemrcal properues some drfﬁrsron of adjacent fluids into each other
15  may occur. Because of tlns, there may be some vananon or blendmg in
' propernes at themaung line. Thrs generally is lunmedto 0.1 to 5.0 mm in the
direction perpendtcular to the matmg line and in the plane of the substrate
surface. '

Many dtﬁ‘erent die geometnes and mechamcal systems may be
20 ‘usedto produce a layer of coatmg s:de-by-stde abntted smpes ona carrier fluid.
The coatmg fluid ﬂowmg stnpes may be formed srmultaneously or sequentially.
Die slots from which ﬂowmg stnpes of coatmg ﬂmd are formed may abut
' mternally in the d1e body, at a common exrt, or not at all One or more of the
coating fluid ﬂowmg stnpes may be formed by means other than flow through a
25 slot. The drscharge orifices through which the coatmg ﬂurds flow to form a
- flowing liquid stripe need not have an open shape whrch is a quadrilateral.
Multiple orifices may be used for the formanon of any one ﬂowmg stripe. It also
may be possrble to form the flowing stnpee of coanng ﬂurd by deposmng them
drop by dropdtrectly on to the surface of the carrier ﬂmd
30 " The invention is further illustrated by the followmg example
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Al so, wth expansion techniques, a solid or near solid filmnust be forned
oh the wat er surfaee—to al | ow pi ckup~of—the coating by the
substrate. =~~~ Thi s invention differs fromknown slide
and curtai n nmetWeae2448s follows. The coating fluid and t REVESISAGKS
fluid flow together to forma stable, 5 fl ow ng conposite layer with a
free fluid-air surface. This |ayer can si mul taneously be applied to

a noving object by forming afluid bridge o the,.: . . qhject nade of a
plurality of distinct | ayers'@% . #‘ﬁﬁ@"f?ﬁ%g‘eé"%&%hekmwnbl e.
The phot ogr aphi ¢ anghaing B ihfecMdebyside stipes lof ARSdieR et fohh@atonsf Silicone

coating techniques but not carrier | a-éer--s that” are renoved at the coating
station. 10  Addi oligomaers, gilicomecA and silicong Be was produeed; The camier fluid was tapl vent s

in the formul ation of, m@ﬁﬁmw%wﬂw&%%m m'ﬁxodik‘_}qgfgﬁn{shey

are normal ly the sa Wwat er .
~The literature teaciThéwhaiepivas Vituhi itGreniov® air®abbles. vBiims hdshown in

| ayered fluids be very |ow, preferab '%/q"zero', and_ the_surface tension of

adj acent 15 | ayer Eigyres Qiand @ wer used fo prpducs the; stripes.o The nafgh in theFigure 10

i nvention, the int eé}{i@ Al videviHiR R ndiiel Bf e i‘& m@@'glg'in. e
coating is preferre .%es'oassc%%% as: poss@#e, : F “an '-ﬁ?%@g'(z?%%ce
t ensi ons are pref er witdé. Bothishimewerei0JE2ymmaehitlaci [ itate carrier renoval.

When multiple layer slide or rtain coating is used,, the Jitergture
teaches that all layers rowﬁH"“&"l‘%\Wﬁ’r‘fh Pre ﬁ?ﬁ’e‘i"ﬁﬁ#ﬁ@?&@eﬁm fom n

the 20 |ayeredt r 4&igih@d GEI300 with 3HGE cithlySt. It&‘@iséd%h?_'h%_s 29 Eentipdise; and its
i nvention, the fluids . can renain unnixed even if the carrier fluid
becomes turbul ent. surface tension was 21 dynes/cm. Bflicone/B|vwas g|peoprigtasy silicange |

curtain, or slot coatl . A r eaches
that the ratio of t%ﬁﬁ%ﬁiwg%gﬁ‘ﬁé”%ﬁs&#@%{y&%gﬁt‘}‘%ﬁm’%‘?r"g | ayers be
no |arger than 100 ¢entipoise)dndits Sirfagé endicrywas Didymes/amer than 0.1 25

mcron. This invention uses rafios of up to 100, 000, 1 d, single |ayer

t hi cknesses as thin as 0.005 Sﬂ!%qnaﬁ!mmwgwﬁaatee{ﬁf?aﬂﬂna’) : Otcoating

met hods can not ,£0 by i 290 il 226 i ﬂw&%&%ﬁbﬁa%%é‘oﬂﬁ?@ total-
wet thickness of 5 'mcrons or |less. This apparatus can produce single
| ayer coati ngs cm dhino0lsslotfornd byishiny 234 indlde 220. Water carrier fluid wasFi gur e- 8

o oot L1, Rl ARERRRAA oS A HE O o i B>
~ transverse to the web. The coating slot for the carrier fluid (water) slot gap was
0.76 mm. A web 15.2 cm wndewas past by the die at a speed of 25 cm/sec.
20 A continuous coating of silicone A 4.7 cm wide was produced on
" the web center in the middle of its width and running continuously down its
length. A continuous coating df silicone B was apj)lied on each side of the A
stripe extending to from the center A stripe on both sides to the edge of the web.
At the coating speeds of 25 and 50 cm/sec coating thicknesses of silicone A on
25. the substrate of 3200, and 1600 A were obtained respectively. The silicone B
coating thicknesses were 3000 and 1500 A. The mating zone width where the
- formulations diffused together was judged to be less than 0.2 mm wide. At
coating speeds of 25 cm/sec this matmg line was not straight but wavered back
and forth about 0.5 mm. At 50 cm/sec the mating line was unwavering running
30  straight down the web on both sides of polymer stripe A.
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WD 96/ 24088 :
PCT/ US95/ 16106 . cavity 212. The internal cavity 212 is connected
meteri ng punp 216 through a filter 218

to—atamk—2t4—by a precrston

and a bub 220. The die 210 al so has a secgigd..i al cavity-
222. The P)ﬁgg}?ﬂ’i? cavity 222 is connected to a tank m’?é%hg{??a ) .
preci sion netering punp 226 through a filter 228 and a bubble trap 230. 5
The die 220 also has a third internal cavity 232. The internal cavity 232

'S connected t0 PofFRhfmilatichs Weps dredwitPiViighafi 85dtibi afd BR-C" | NG
punp 236 . through a surge tank 227, a filter 228, and a flowneter

229. A coat i nghecantiérdluid removal. mslmetbmdmmfml&ismucwmmo A

e 220 whi o Ry TRERG opAlBUS Prbdifs top it IherPprstelle st R77] (1

coating flui d%slmﬂﬂmdm@%mcpmmﬁ%emmm fromthe -
tank 214 by the preC| SI on rreterl ngwpurrp 216 through _t he fllter 218 and ;

t he bubbl e 5t radhm dhese swo E‘EEWFF Using this propegy di e 220

at o preci sel § %@@@@W@%@@W AR pied il et 7, Con

metering punp vﬁbbﬁmbmhﬁﬂeefpdlimefmmmm&nﬂMmeupllmm ap 230 into

t he internal V|ty 222 of the co t hr a,feed
passageway 332eal afté"’gf}ﬂﬁéﬂd%?ﬁ&]@ﬁﬁﬁ?’éﬂ’g@ggmpes rate

from the tankv%éw Bﬂ&&@%&%ﬂ‘aﬁ s BBy e e WA Gnp U g2 tank
227, the filter 238 and the flow meterﬂEZQ I'nto the internal cavity 232 of

t he IOCOMN@WM&%@W& huttingof the-spriis4 Thehangein réleased i s
continuously a ac tank 234 through a flow control valve
223 and fl ow ﬁgl?:@dlm?ggdwyﬁthe 'B?ce (not shown). The tank 234 is
connected to a vacuum SMdﬁﬁ&aﬁdﬁbﬂdbﬂtﬁedb@énbedsysten@dmﬂbeuﬁdr Fettra-thin
coatings, the flowrate of the carrier fluid is nmuch greater t han

that of the c&%ample the flowing layer of carrier fluid need not be formed Howingfromaslot i es 212,
222,232 distrippylife. l%%%%ﬁﬁﬁ%éﬂ@womawworanopenuough Also, the

15 composme layer rieed not be formed on the die. The coatmg fluid can be
deposited on the carrier fluid after it leaves the dle lip. Also,a multxple layer
carrier fluid and a mnl'aple layer coating fluid can be used A mulnple layer

e
it

carrier fluid could have a pure upper layer and a recycled lower layer. Also, these

systems need not use a die at all For example, a fluid trough which texmmates in
20  an overflow weir to create a curtain can be used. The eoatmg ﬂuld is placed on
the surface of the carrier fluid before a curtain is formed.
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25 fluids 244, 248, and carrier fluid 242 across the wdth of the die 220
and to the di e faces—256;258 by .respeetive-distribution slots 260,
262, 264. The slot 260 is formed between di e plates 266 and 268, The
slot 262 is forwo@6esteen die plates 268 and 270, and tRETABSI6WE64
Is formed between die plates 270 and 272. The sl ot 260
gap is set by a shim274, also shown in figure 9. The 30 width of the shim
274 equals the width of the-die 220. Its thickness determn nes t he

sl ot 260 gap and no _ ranges from0.0127 cmto 0.127 cm It is

16 WD 96/ 24088 - o :

PCT/ US95/ 16106 configured so its exterior dirmensions match the
face 276 dinmensions of the dik A methodaf coatiog a snhstrated2 wittea lag@rompeising
formed in the shi m?}?Y4|t? Produce a sl ot when the shim?274 is

sandwi ched bet ween 8‘p| ates 266, 268. The slot 260 is not

conti nuous acrosg the width Qﬁoﬁi@ﬂﬂisﬁbm'jzwdngtmm@hbwmmﬁi ched
5 portions 282,284,286 of the shim _In this manner, the first coating
fluid 244 is met er ed Jamaing gplurglity of sapargte fayingsteipes oftab lepst dirstaad

fl ows down the facesg:g@q : e ' ﬁﬁn’ﬁi'mﬂ | .be, openings in the
sl ot 260 which are crea eg B@ﬂ?ﬁzﬁ%%ﬁes ﬂ_x. E%% &Iﬁh the shim 274.
The slot 262 gap is set by a fidwing the@patigSfividsintorsiderbyrsidp abmtting conthétto The
wi dth of the shim 290 equals,the width of the.die 22Q. Its thickness
determ nes the slot wq%%%%&nﬁ%ﬁﬁ%@%vﬁﬂé%mmw .°B‘_L€‘? BXNG 27 cm
It i's coni gpeReer-dljdctm sitipe®’ | Or di mensi ons match the face 292

di mensions of the die fgl ate 268. A notch 294 is fornmed in the shim

to produce the slot 262 when forming a composite layer 48 comprising the plurality of coating
 fluids 244, 248 and at least one carrier fluid 252 having a different formulation
from the those of the first and second coating fluids; |
| - flowing the composite layer 48 at a rate that is sufficient to form a
15 continuous flowing fluid bridge of composite layer to the substrate for the coating
width, wherein the carrier fluid 252 portion of the compésite :layer is continuous;
contacting the subsgrate 32 with the flowing composite layer 48 to
interpose the coating layer between the substrate and the carrier fluid; and
. removing carrier fluid 252 while leaving the coating fluid

20  deposited on the substrate as a coa_ﬁng layer.

2. The method of claim 1 wheremtheﬂowmg step comprises
flowing the composite layer 48 at a rate that is shfﬁ'cier;_tly high to form a
continuous ﬂoWing'ﬂﬁid'I::ridge of composite layer to the substrate for the coating
25  width without being sufficiently hlgh to form a don'tih‘uous flowing fluid bridge of
only the coating fluid.

3. Themethod of any of claims | and 2 wherein the removing
carrier fluid 252 step comprises at least one of mechanical doctoring, draining by
30 gravity, centrifugal removal, blowing, absorption by contacting with an

* [ L M -] *



shimis sandw ched between the plates 268, 270. The slot 262 is not
continuous 15 across the width of the die but is interrupted by the
vrmotched—portions 296,298 —of~the shimm—Tn thrs nmanner the second
coating fluid 248 is netered onto the face ° 288 of _i.he di | ate 270
and f1 owsWeIMR®B¥e face 288 as a stri pe aligned with theP&’sssgngwgeni__ ng in
the slot 262 which is created by the notch 294 in the shim 290.

Al ternatively, the shinms 274, 290 can be repI aced by notches 20 machi ned

directly into %BL%&& onbi nati ons

of shinms and r?ﬁfJ s canh%geng!ée esat |ous gg&p tterns. _
The die pl atem&mﬂgn.d shaped so that the slots 260 262 ner ge

t oget her at the wedge point 300. The shims 274, 290 are configured to
produce a stripe of the second coati ng fluid 248 abutted to the stripes of
first 25 coating fluig 244TRdm ggfgguﬂsrle fviReinife TO connect
adj acent stri pes, . t he si- des 302, 304 of the notch 294 in the shim 290
are aligned wmwmmmmmmaMWﬁlmwm The sides
302, 306 are aligned and the sides 304, = 308 are aligned. This
phy5|cal merging of the slots at their exits and the . alignnment of

their edges produces a §j nglEhd methed ¢ffans of tipias 108, 3;and 4 Rliefclnithels 244 30
and 248 that join together at their edges and flow down the face 288 as a

singl e MYine RED camprisesrmaying the sbstrate 32 Hirough the coating station at

17 49@& i

PCT/ US95/ 16102&&& ltoZOOOm/mmut:.I_he carrier fluid slot 264 gap is
set by a ghim 310. The width of the shim 310 equal s the width of the

die 220. Its thickness eter nes t 64 ,gap and nornally
ranges from0.0127 cm t #ﬁ&f%‘ﬁﬁr"l’wqp’ﬁ%g

layer step compnss conunuously metenng the respective fluids through
respectlve orifices, and whcrem the fonmng a plurahty of separate flowing stripes
of coatmg ﬂmds step- eompnses ﬂowmg the stripes through respective die cavities
15 212, 222 which have complementary dlsmbuuon slot w1dths that create the
| correspondmg stripes.

7. The method of claim 1 ﬁxrthercompnsmg the steps of:
depositing the composite layer 48 onto a transfer 110 surface
20 before the contacting the substrate step o | |
removing the camer ﬂmd 252 from the transfer surface; and
transfemng some pomon of the coating fluid 244 248 to the
substrate 32 from the transfer surface aﬁer both the transfer surface depositing
step and the carrier fluid removmg smep
25
‘8. The method of claim 1 further comprising the step of
selecting a carrier fluid 252 that does not wet the coating-covered substrate.

9. The method of claim 1 further comprising the step of
30  selecting a carrier fluid 252 that is not miscible with the coating, that has a lower
viscosity than the coating, and that has surface tension greater than the coating.

-
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flows to the die face 258 at the exit of the slot 264. At this point, the

| ayer 314 of 5 abutting—and flowng |iegute—stripes flows onto the
surface of the carrier fluid 252 "to forma |layered fl owi ng conposite
~of coating flui 096424088218 and the carrier fluid 252. PCT/USISI16106
The coating fluids 244, 248 flow onto the top of the carrier fluid

252 at the exit of the slot 264, and then flow on top ofthe carrier fluid
252, in 10 face-to-face contact, down the inclined die face 258 to the

die lip 316. Fromthe lip 316, the conposite |ayer fiImfaIIs in a
curtain 318 under the influeng, of The method®f8Mirh Y Wherci®Hedérh
The web 242 is noved through the coati ng - station and past the d| e

220 so that when the mmwemm M@mﬁmmerﬂmdwhbhmmz

borween the web and SRIBERTHEERHF ol LR5E PRTph HRTOBAAR" ) 12 ot act

t he web 245’2 The carrier fluid 252 does not. At the p0| nt of
contact, a conposite : - layer of coatin fI UI d_and carrier, fluid has
been applied to the web. Il.  The method of clainy | avhereipthe 2¢moving the garsignt i ng

]]::(L)I:Ndzntzgllt h(234§a?; ?er #PUI g&g%ﬁg{@y e ex t O%lﬂ'ﬁ(gghﬂ&ﬂdwfg‘gﬁman they

Ceneral ly, their thifllidesses range from50 to 20,000 angstrons. After
the conposite layer is deposited on the web 242, the web passes around a

roller 320 and the carrier fluid 252 is renoved. |If the carrier
fluid 252 is watg which 12. ha%@de%d%féﬁﬁﬁl%e&%&r&h&ﬂnﬁsﬂléﬁﬁﬁ&
o hi

tension and the coati ngafl ui ds are organics ' - noder at e

viscosity and | ow suflyi &mmwamowm&wmﬁmmm@mrsmmy
le d |
S o1 O AU |l A8 e st g i o

fluid 252. The seconflhidoati ng f|UId 248 is deposited as the _ stripe
322 for the length of the substrate. The first coating fluid 244 is
deposi ted as stripes 324, 326 which abut both sides of the stripe

322. The web thigkness 30 -wipgl" Cmﬂdg?dl&i%ﬁﬂr&ﬂﬂpﬁﬁdﬁﬁ kb G er

than that of the applied coating :
deposmng on the substrate 32 the plurahty of separate ﬂowmg stnpes of coating

fluids at wet calipers ranging from 25 through 10000 angstroms.

14.  The method of claim 1 wherein the forming a composite
20  layer 48 step comprises using carrier fluid that is immiscible with the coating
~ fluids with which it forms an interface and wherein the carrier fluid has wetting
* properties that cause It to not remain as a continuous film covenng the surface of
the first and second coatmg ﬂuld-ooated substrate.

25 15.  Anapparatus for coating a substrate 32 with an ultra-thin
layer compnsmg | : | |
means for bnngmg together at least ﬁrst and second separate
coating fluids 244, 248 having dxfferent formulations, whlch are in side-by-side
abumng contact and which can form asingle ﬂowmg layer of side-by-side stripes
30  without functional mixing between adjacent stripes;

H!I\llj I A R



WD 96/ 24088

PCT/ US95/ 16106 ' Very surprisingly, it is not
recessary tiat—the—Toatinyg T Ui ds have - equal viscosities, equal
surface tensions, or flowrates that are equal per unit __ wi dt h of

the die. WP92888 (o not, there is some lateral cross welPTRVRENESIOS of t he
mating |ine between the abutting stripes on the die face 288. However, the
5 inventors discovered that this is generally small and of such a

consi stent anount . ' ¢ led j usting the
position of the sides %#%X?F&lﬁg%&@%ﬁgsﬁcgﬁr%h%%ﬁyﬁﬁ%7ateral
movement on t bariérefvid 258Bhavingtadifferent fognulation from the those oftihe firstandt ri pe Wi dt hs

on the coated web_that do-.not equal, the correspondi ng_sl ¢
the die. Al #coRdgoating mw%ﬂﬂ%af%wbmpfg%mm-mamg 10

fluids flow OQ&&&%Q@{M 'tjfoﬁkq,q’,ﬁ L) "i‘g’r'rent has been yet detected
ul

on the carrier or after Coating on the substrate. This
unexpect eds behavi or assheans for moving thésubstrate 32\t acspaceld distance fromithepes.

When t he adjacent stripes are conposed of fluids of_different

physi cal and mfs u WM%?%@%WF%W"&% C8% fluids into
each other 1gntifRsus3Powitg IS BAdERo He subitfate for'@ A& irB@Yodlifig WEdIB andfol at i on or
bl endi ng in properties at the mating line. This generally is |limted

to 0.1 to 5. 0depositthecoating layer on the sebstraterander pendi cul ar to the mating line

and in the plane of th : . . . . . Many
different die geonetri M@E%%“E@g%MJ%%“% to produce
a layer ofo coﬂﬁi&g@rﬁtwohyhs&wmd@dﬁﬁhy@,es on a carrier fluid.

The coating fluid flowng stripes nmay be forned sinultaneously or

sequenti al ly. Die slots fromwhich flow ng stripes of coating fluid
are fornmed may abut 16. | hptakdnis 'f'alam?s%ﬁeﬂﬂﬂé( aits Br exit, or
not at all. One or nore of '?hg d coating ul ﬂeovvi ng stripes nmay be

formed by neategetbericomptisesa did 214 having adace 258,% slotsbmmunithtinghetwéear ge orifi ces
through whi ¢hyf BEi§93b afifmb e dha'a' "% 16 whetbill b carrier fiuid 252 exits from
15 the slot onto the face and flows along t_h_e face to the lip, wherein the depositing
© means deposits the coating fluids 244, 248 onto the carrier fluid 252 while the
carrier fluid flows along the face, and wherein the composite layer is transported
along the die face to the die lip.

20 17 The apparatus of claim 16 wherein the die 210 further
comprises a plurality of cavities 212, 222 and distribution slots 260, 262 for
receiving respective coating fluids; and a shim 274 having a thickness and located
in at least a first cmﬁng' fluid die distribution slot, wherein the shim thickness
determines a first coating fluid die distribution slot gap, wherein the shim

25 comprises at least one notch 278 and at least one unnotched portion 284, wherein
the notch produces a slot when the shim is located in the first coating fluid die
distribution slot, and wherein the slot is not continuous across the width of the die
and is interrupted by the unnotched portion, wherein the coating fuid flowing
through the first coating die distribution slot is metered out of the die and flows

30 asastripe.
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flowing liquid stripe need not have an open shabe which is a quadril ateral.
Miultiple orifices may be—used for .the fornmatiromrof any one flow ng stripe.

It al so may be possible to formthe flowi ng stripes of coating fluid
by depositing Wa5624088 drop by drop directly on to the surf REIUIOS16186
carrier fluid. 30 - The invention is further illustrated by
the foll ow ng exanpl e. 19
WD 96/ 24088 - _ . .
PCT/ US95/ 16106 18. The appazatpgiof claimdl7 hereinp ehim 2903 lospted i

shown in Figure 8, 28ec at%o}“d ﬁdxstﬁﬁﬁﬁdﬂgot%dﬁﬂéﬁﬁ ggwe ?I’I pes

of two different fornu | cone ol 1 goners, and
silicone B, was probusmdendtu&%mdlaeleastlonedmmdledpgmn”ﬁ whetedn themotcht he

et er was vacuum ol e ol PARDE i s A B ihe oREoabng fu ey

Figures 9 and 10s weaigtritifish sl ﬂ{d%mniﬂé%lﬁﬁﬂdi%mmm&e'vﬂd&hﬁdﬁﬁé”e

10 shi mwas 5.08 cmW|de while the notches in the Figure 9 shimwere
8.73 cm wi de. amds fntesrupted bydheurmotohed portiom, wherein the coating fluid flowing
Silicone A was an o |

desi gnat ed GE9300 M@%&é@ ogwmépgmﬁﬁg%@?tt@mgﬁ’gﬁé%dse

and its surfaﬂmmmﬁeﬁwaﬁmmmmmgmmmet ary
silicone formyl ati on 16MESS wi | h, 5% R52522 cat al Its, viscasity
was 1550 cent QigEbution slgt gorrespo ‘Y”éwgdé!ﬁ“qﬂ&s‘%ﬂe'ﬁ’}’ﬁ tebed portion ini

Silicone A was 4ipPiub Shinth i de88R bt AAS ditiREBklol st ioprbdife 3'siigle layer

of abutting side-by-side stripes of the first and second coating fluids.

19.  The apparatus of claim 17 wherein the die 210 is formed of
several die plates 266, 268, 270, 272 with two adjacent die plates defining an
15 distribution slot, and wherein the die plate between and defining two adjacent
coating fluid die distribution slots is wedged shaped to cause the slots to merge
‘together at the pbint of the wedge.

AR R



15 formed by shim?290 in die 220. Silicone B was supplied at a rate of

0. 796 cnferr]/mn to the slot fornmed by shim 274 in die 220. Water
i - } tothedie at-3000-cnferr]/mn through a
die slot 25 cmwide in the direction transverse to the web. The

coating sV¥WP%/2#8& he carrier fluid (water) slot gap was PcTUSsZéieém A
web 15.2 cmw de was past by the die at a speed of 25 cm sec. 20 .

A continuous coating of silicone A 4 7 cmw de was produced  on t he
web center in the mddle of its vwcﬁ49 and running continuously down its

| ength. A continuous coating of silicone B was applied on each side of the

A stripe extending to fromthe center A stripe on both sides to the

edge of the web. At the coating speeds of 25 and 50 cm sec coating

t hi cknesses of silicone A on 25 the substrate of 3200, and 1600 A were

obt ai ned respectively. The silicone B coating thicknesses were 3000
“and 1500 [err]. The mating zone wi dth where the formul ati ons diffused

t oget her was judged to be less than 0.2 mm w de. At coati ng speeds of

25 cnl sec thLé4nating | ine was not straight but wavered back and forth

At 50 cni sec the ing line was unwavering runni ng 30

about 0.5, nm

b on h si of polynmer stripe A
7 Both fornul ations were cured with W
af §er the carrier fluid renmoval. This
si | TTONe pol yners on -
/e " 73
I8
/4
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the web. These formulations produce | ow adhesi on when a pressure sensitive

t ape—t-s—taiiat-ed—to—surfaces—eoat ed—wth-t hem—Fur-thernore—thevatrue for
t he 5 adhesion is markedly different for these two fornul ati ons. Using
this propeM@96/24088 (jfference | tested the partitioni ng BFTESHISHYs A and
B on the coated and cured web. The center stripe of polyner A
produced uni form and distinctly | ower rel ease val ues than the
stripes of B on either side of it. Tamrelease of the B stripes was
uni form and even. Nowhere along the mating line of the stripe was there any
10 | ack of release indicating conplete abutting of the stripes. The
change in rel ease val ue changed abruptly at the mating |ine.

Many vari ations of the described systens can be used. For exanpl e,
the flow ng |layer of carrier fluid need not be forned flowing froma sl ot
of a die. It can be formed fromthe flow over a weir or.an open trough.

Al so, the 15 conposite | ayer need not orsged on the die. The coating
fluid can be deposited on thegcarri fI'0Nd after it |eaves the die
lip. Also, a multiple |ayer caN i er id and a pgltiple | ayer
coating fluid can be used. A multiple \ay carri®dr fluid could have
a pure upper layer and a recycled | ower < systens
need not use a die at all. For exanple, . ‘ termnates in
20 an overflow weir to create a curtain ca‘!;a.ai : pating fluidis
pl aced on the surface of the carrisd fINSI DeT or 8|k rtain is
f or med. o h

—.;\
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21 WD 96/ 24088 '
PCEUS96/+16406——— — — — 1. Arettrod—of L.UdLi g &
substrate 32 with a |l ayer conprising the steps of:

nmovi ng t he Q#4088 ¢ 32 al ong a path through a coating sta!¢ﬂﬂ$ﬁﬂ6ﬂm
formng a plurality of separate flowng stripes of at |least first and
second coating fluids 244, 248 having different fornul ations;

flowng the coating fluids into side-by-side abutting contact to

forma single flow ng | ayer of S|de%§y-side stripes w thout functional

m xing 10 between adj acent stri p€s, formng a
conposite layer 48 conprising the plurality of coating fluids 244.
248 and at | east one carrier fluid 252 having a different fornulation
fromthe those of the first and second coating fl uids;

flowi ng the conposite |ayer 48 at a rate that is sufficient to forma 15
continuous flowng fluid bridge of conposite |ayer .to the substrate for the
coating wi dth, wherein the carrier fluid 252 portion of the conposite
| ayer i s continuous; contacting the substrate 32 with
the fl owm ng conposite layer 48 to

95 48

70

92
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i nterpose the coating |ayer between the substrate and the carrier fluid;

and e Ng eakFer H-uag—252—whiteteavrmg—tie
coating fluid 20 deposited on the substrate as a coating | ayer.

2. The .nethod of claim1 wherein the flow ng step conprises .
flowi ng t 'WOO6R8Ri te | ayer 48 at a rate that is suffici eRCRYSIVISIOSt 0 form
a continuous flowing fluid brigige of conposite layer to the substrate
for the coating 25 w dth without being sufficiently high to forma
continuous flowng fluid bridge of only the coating fluid.

3. The met hod of any of clainms 1 and 2 wherein the renoving

carrier fluid 252 step conprises at |east one of mechanical doctoring,
draining by 30 gravity, centrifugal renoval, blow ng, absorption by
contacting with an ' 22
WD 96/ 24088 :

PCT/ US95/ 16106 absorptive solid material, squeegeeing,
suctioning off, and pulling off by magnetic attraction.




4. The method of any of clainms 1 2, and 3 wherein the 5 coating
deposit-ed—onr—tre—subst rat-e—has—a—t hi-ekress t hat—-s—tess—thar—S0—eFoRrs——

5. The nethod of any of clains 1, 2, 3, and 4 wherein the novi ng
step conprises noving the substrate 32 through the coating station at
speeds rangwogéhsogen 1 to 2000 mm nute. 10 PCT/US9S/16106 The
net hod of claim| wherein the formng a conposite “layer step

conprises continuously netering the Sggpective fluids through

respective orifices, and wherein the formng a plurality of separate

flow ng stripes of coating fluids step conprises flowing the stripes
t hrough respective die cavities 15 212, 222 which have conpl enentary
distribution slot widths that create the correspondi ng stripes.

7. The method of claim1 further conprising the s :

depositing the conposite |ayer 48 onto a transfer 11 rf\qce 20 bef ore
the contacting the substrate step; enovi ng the

carrier fluid 252 fromthe transfer surface; and D
T

||\.nsfer S
X 4

transferring sone portion of the coating fluid 244f\
substrate 32 fromthe transfer surface after bothtth-
deposi ting step and the carrier fluid resgoW _
8. The method of claim1 further conprising Whe gep O
a carrier fluid 252 that does not wet the coating covqpeo).
9. The nethod of claim1 further conprising theNgtep Ay
carrier fluid 252 that is not mscible wth the coq/;:'
viscosity than the coating,
coati ng.

©
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23 WD 96/ 24688

PCTLLUSQ5. 16106 - ——3F~—The nethod—of——Ttamrt
wherein the renoving carrier fluid 252 step conprises renoving at
|l.east ten percent of the carrier fluid while |eaving the | ayer of

si de- by-si W ssrass8ng stripes deposited on the substrate. PCINUSIS/I6106

1. The nmethod of claim 1l wherein the renoving the carrier fluid
252 step conprises renoving the car 8/& f1uid w t hout drying the carrier
f1uid. 10 12. The method of claim1 wherein the
renoving the carrier fluid 252 step conprises renoving the carrier
fluid after solidifying or gelling of the carrier fluid, and after
gelling, solidifying or chemcally reacting t coating fluid. 15
13. The met hod of claim 1 further conprisi R¢step of depositing
on the substrate 32 the plurality of separat thng stripes of coating
fluids at wet calipers ranging from 25% hrou 0000 amgystroms.
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14. The nethod of claim1 wherein the formng a conposite 20 | ayer 48
St ep—cop-+5e5~us-Ng—Ccattter—H-ui d that—+s- | Mi-sed ' '
fluids with which it forns an interface and wherein the carrier fluid has
wetting properties that cause it to not remain as a continuous film
covering t wossnsasce of the first and second coati ngp€tussdaemat ed
substrate. 25 15. An apparatus for coating a
substrate 32 with an ultra-thin 7/9ayer conprising:

means for bringing together at least first and second separate

coating fluids 244, 248 having different formul ations, which are in

si de- by-si de abutting contact and which can forma single flow ng
| ayer of side-by-side stripes 30 wthout functional m xing between
adj acent stri pes; 24
WD 96/ 24088
PCT/ US95/ 16106 nmeans for depositing the plurality
of coating fluids 244, 248 onto a carrier fluid 252 having a
different fornulation fromthe those of the first and second coating
fluids to create a p24uplity of flowing layers of fluid in face-to-face
| 214
G s
-+ 260
‘ll' "'“\\\ RIZ2 \ 22
220 300
/ 222 ‘ 1256
2/6 1 266 212\ 223
330 %
274 ,:-'5
248 ‘.::.y A:
=l 224 2eX 7 4
==| 228 230 ,,,4 ¥ &
== /. 4 29008
| {270
226
252
225 14 234

== 228 229
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contact with each other to forma conposite |ayer 48; 5
meanRs—for—hpv-rg—the subst+at-e—32 at—a—-spaced—ei-stance—f+romthe———
means for bringing together to permt the conposite |layer 48 to forma
continuous flowng fluid bridge to the substrate for a desired coating

wi dt h and ™W096/24088 deposit the coating |ayer on the substPCR/iBS9S/AEIO6 '

meéans for renoving carrier fluid 252 ile leaving the coating 10 fluids
.deposited on the substrate as a coat # | ayer. 16.
The apparatus of claim 15 wherein the neans for bringing t oget her

conprises a die 210 having a face 258, a slot comunicating between
the cavity 232 and the face, and a |lip 316, wherein the carrier fluid 252
exits from 15. the slot onto the face and flows along the face to the
lip, wherein the depositing means deposits the coating fluids 244, 248
onto the carrier fluid 252 while the carrier fluid flows along the
face, and wherein the conposite |ayer is transported along the die
face to the di 1 p. 20 V4 17. The apparatu cl,gim 16
wherein the digazlo further 306 conpri 5ez a pl3g8 ity of cav'l?ézfes é fm
222 and distribufion slots I Vi gnjespect've co
fluids; and a } ha ate r

first coating i 'ntffishid t hi ckne
determ nes a n sl otf gap, ] wher ei nft he
shim 25 conp}fises at 'east one unnotche

ting
t a

one notch 278 and at

portion 284, herein the notch produces a slot when the shim{s
located in the first coating fluid die di stribution slot, and§wherein
the slot is npt continuous across the width of the die : and is
interrupted by the unnotched portion, wherein the coatin i ng
t hrough the f coat | ng the die
and flows 30 as a stripe.
Fi16.9
96 |
£ \ 02 304 2/96 290
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PCHUSS5/.1-6406 ——38~——The appaFa%ﬁs—e%—e+a+ﬁ+&¥———¥——~_
wherein a shim?290 is located in - a second coating fluid die
distribution slot and wherein each shim conprises at | east one notch

294 and at WQ%24088ne unnot ched portion 296, wherein the nORCIUSIS16106
produces a slot when the shimis located in the second coating fluid die
5. distribution slot, and wherein 9% siot is not continuous across the
w,dth of the die and is interrupted by the unnotched portion,
wherein the coating fluid flow ng t hrough the second coating fluid
distribution slot is netered out of the die and flows as a stri pe,
and wherein the notch in the shimin the first coating fluid die

di stribution slot corresponds, in a downweb direction, to the unnotched

portion in 10 the shimin the second coating fluid die distribution
slot to produce a single |ayer of abutting side-by-side stripes of
the first and second coating fluids. 19. The
apparatus of claim 17 wherein the die 210 is fornmed of several die

plates 266, 268, 270, 272 with two adjacent die plates defining an 15
distribution slot, and wherein the die plate between and defining two

adj acent coating fluid die distribution slots is wedged shaped to
cause the slots to nerge t oget her gt  fhe point of the wedge.
| 324 322 524
342 \ /
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in stripes includes moving the substrate (32) through a
coating station and forming a composite layer (48) including
coating fluids (244, 248) and a carrier fluid (252). The
composite layer (48) flows at a rate that is sufficiently high
to form a continuous Aowing fluid bridge of composite layer
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substrate as a coating layer.

244

i 214

i /

P 260
298 \ 24

DN\ 0 A\

26 2 2125 DolZ




