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PCT/ US95/ 16886 MULTI PLE LAYER COATI NG METHOD 5 TECHNI CAL FI ELD The present
invention relates to preparing nultiple layer coatings. Mre particularly,
the present invention relates to a systemfor coating a substrate with a
plurality qiodghsasht aneously applied |layers. 10 BACKGROUNPCIRUSHSAGSSENVENTI 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, nmultiple
l: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 nmetal 15 in nmetal coil processing or the application of
chemical reactants to act MULFIRLE LAYERGOATINGMETHODa substrate surface.
Alternatively, the coating can be dried if it contains a volatile fluid to
| eave behind a solid coat such as a paint, or can be cured or in sone other

way solidif§ ed#mm(gﬁnﬁmal coating such as a release coating to which a
pressure sensitrve adhesive will not stick. 20 Oten to
create the proper funct ilwipresentiinventiorselates soijreparinganultipledayet coakingser s of
differing conpgsitions e applied. T are ex.arrpl this. It
is common to aﬁ%fw nﬁeﬁ“@&éﬁ'ﬁﬂ@%‘a’éfﬂ&sg%mﬂ% sﬁﬁﬁgﬂ nchor age.
| n nmanuf act ur i pfth 6 phedlitp bPsiMdhaebhdly spplied lagérsTENY as twel ve | ayers of
differing conpositions nust be applied in a distinct |ayered 25

rel ationship with close uniformty tolerances. The manufacture of high

perfor mance, ma g;:‘j‘ M”“' O ires the coating of nmultiple

| ayers of rmagn€ J conpositions. Sequential coating

operations can pr oduce vaahug islthé procéss of replacing thieigas camactidg baytstratepn a
substrate. Homﬁs\{lafly a scn dssurtgcecs?xgltl a.sy a web 2! rﬁ? a a%rrggfnt]lqu Soméjtunes, 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
| 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
cured or in some other way solidified to a functional coating such as a release
coating to which a pressure sensitive adhesive will not stick.

20 Often to create the proper functioning of a coated substrate,
multiple layers of differing compositions must be applied. There are many
examples of this. It is common to apply a primer coating under a paint to
improve the anchorage. In manufacturing color photographic film, as many as
twelve layers of differing compositions must be applied in a distinct layered

25 relationship with close uniformity tolerances. The manufacture of high
performance magnetic recording tapes requires the coating of multiple layers of
magnetic pigments of differing compositions.

Sequential coating operations can produce a plurality of distinct
superposed layers on a substrate. However, this is costly, time consuming, and

30 may require a large investment in the sequential coating and drying stations.

Methods of applying simultaneous, multiple layer coatings are
discussed in Cohen, E.D. and Gutoff, E.B., Modern Coating and Drying



30 may require a large investnent in the sequential coating and drying
stations. Methods of applying sinultaneous, nultiple |ayer .coatings are

di scussed in Cohen, E.D. and CGutoff, E.B., Mddern Coating and Drying WO
96/ 23597 PCt / US95/ 16886
Technol ogy, Chawdegraader VCH Publ i shers, New York, 1992. Slot orP(IISINLESEN,
prenetered die coaters are disclosed in U S. Patent Nos. 2,761,419 and
2,761,791, and many i nprovenents have been devel oped over the years. Wth

these coaters, theTedlnelog Chaptenfe VidhPeblishers.Neay Xerk, 1992, Slptier XSt ont act
wthor in close Soicfildlid dosleRs drbRisClofed S U Parcliod 2P6 1AM b2, 991701,
S deposi ted. Eac

super posed | ayers coating conposition 1's netered to the
coating di e which gehasiytimprdvementy have teen dévelopedoverr thetyearse With thesg cpaterse

maxi mum speed of operation_is limted and he uniformty.of th gap bet ween
the die and the we e|wqe§f!bﬁé"%ﬁ%i’? P‘;P"@f'sk’ﬁ?gg@da‘f’i%ﬁ?“ﬂ ormnc
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coating. U S. Patent , 008, 947 teaches the use of this net
respect to coati ngEpthutoatinggsmiposiiprisnetered @ the coating distwhich depositshe lagers

falling vertical curtain,of fluid {.Ch i N . . i 0g
the coating statioff® &%mﬁ%g’s'@ @ﬁ%@&?ﬁ%ﬁ“ﬁ@ﬁ%ﬂ
froma plurality oymifémisfioftiepap betaeer the die and tiepet Lrhitstheqbdlitpbfthe ayer
coating on the web. The gap between the coating die and the web is nuch
greater than ot her cA#tigbds and t he speeds of application are substantially
greater. However, even this rﬁéﬁcm L | : EGHGR mul tiple
| ayered fluid ?llértai n of m s%ﬁ%pg ayer M%%ds’%ﬁmpigqaﬁi g

curtain coating. U.S. Patent No. 3,508,947 teaches the use of this method with

respect to coating photographic elements. Curtain coating uses a free falling

vertical curtain of fluid which impinges upon the web traversing the coating
station. This patent teaches a method of forming the curtain from a plurality of
15 distinct layers to accomplish a multiple layer coating on the web. The gap
between the coating die and the web is much greater than other methods and the
speeds of application are substantially greater. However, even this technique has
limitations.
To create a multiple layered fluid curtain of miscible layer
20 compositions or coating compositions which have a zero or near zero interfacial
tension, the flows of the layers must be kept laminar to avoid mixing. If the
preferred slide geometry is used, the maximum flow rate is limited by the
transition from laminar to turbulent flow on the slide. If the coating speed is
fixed, this limits the maximum coating thickness that may be applied. If the
25  coating thickness is fixed, the maximum speed at which the coating may be |
applied is limited. |
Another limitation of curtain coating is that the free-falling curtain
is accelerated by the force of gravity which is constant and limited. The kinetic
energy gained in this free fall is used to displace the air from the web surface in a
30 manner to prevent the undesirable entrainment of air. The kinetic energy gain in

free fall increases with curtain height, but increased curtain height increases the



20 conpositions or coating conpositions which have a zero or near zero
interfacial tension, the flows of the |ayers nust be kept lamnar to avoid
m xing. It the preferred slide geonetry is used, the maxinumflow rate is
Fimted by the transition fromlamnar to turbulent flow on the slide. If
the coatingydgeg@ashyi s fixed, this limts the nmaxi mum coati NECIVbsskessEs t hat
may be applied. If the 25 <coating thickness is fixed, the maxi nrum speed at
whi ch the coating may be applied is limted. Another limtation of curtain

goating :Mi tﬂanrobabdlty" pé&mmanmgo&nﬂaaimw:a;( du practice, #tds diffiquitdo f or ce (r)]f
gravity I ch i,s.constant and..ljm 1 €Ki | r gV gl in this
free fall is u nggo%?ogﬁ?%%\galxtyh\gl’t%ﬁgglw%v?%%su 'fg%%ﬂlﬂlr']tggg% manner
to prevent therahgeisthichitkeandiths speedofoatiig. Atie dedifefokhigh tintaisstorobiairpai n i n

free fall increases with curtain height, but increased curtain height
i ncreases the b thip and curtains to obtain high quality coatings are at
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Al'so, curtain coaters can not function in r zero g;avity énvi ronnent s.
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process, the process must be adapted to the restrictive vertically falling
orientation of the curtain rather than orienting the coating die and apparatus to the
existing web path of the existing process.
The axisymmetric coater of U.S. Patent No. 4,348,432 teaches
15 how to form a multiple layer radially expanding sheet from opposed impinging
cylindrical multiple layer jets, and how to translate a web past the device to effect
a simultaneous, multiple layer coating. However, in addition to the other

limitations, this method is severely limited by the maximum web width limitation
imposed by the flow dynamics. Widths larger than 1 meter are prohibited and

20  widths larger than 0.75 meters are impractical.

Single layer jets of liquids issuing from slots are known in the
paper industry either to apply an excess of coating liquid 1o a web surface before
metering with a blade coater or to apply an excess of coating liquid to the knurl
roll of a gravure coater. '

25 ~ However, no use of multilayer jet coating is known. Thereisa
need for a system that can apply thin multilayer coatings simultaneously, at
higher speeds without the orientation, geometric, and gravitational constraints of
known coating methods. There is a need for an improved system which can
simultaneously coat multiple layers on a substrate with each layer being precisely

30 metered and distributed across the width of the substrate while maintaining the
substrate in a controlled juxtaposed face-to-face relationship.



10 orientation. Also, if curtain coating is to be added to an existing
manuf act uri ng process, the process nust be adapted to the restrictive
vertically falling orientation of the curtain rather than orienting the
coating die and apparatus to the existing web path of the existing process.
The axi symetrigo ek of U S. Patent No. 4, 348,432 teaches FETUSONICEE
forma multiple layer radially expandi ng sheet from opposed i npinging
cylindrical nultiple layer jets, and howto translate a web past the device
te effect a sinultaneous, rrultl ple layer coating. However, in addition to
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composite jet fluid bridge has a length greater than the wet caliper of coating

fluid applied.
The system also can include depositing the composite layer onto a
transfer surface, such as a roll or belt, before contacting the substrate. Also, the
15  system can include an interceptor which interrupts the coating process by
blocking the flow before it contacts the web without stopping the substrate or
ceasing the other steps.
The fluid bridge may be accelerated by at least one of
gravitational, magnetic, or electrostatic forces. However, this is not essential, and
20 the coating can be performed in a low gravity environment. In various
embodiments, it is possible to have at least one coating fluid that does not wet the
substrate, or is not miscible with an adjacent coating fluid, or has a surface
tension differing from an adjacent coating fluid, or is in turbulent flow, or is

miscible with an adjacent coating fluid.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view a jet coating die.
Figure 2 is a schematic view of the coating system of the present
invention.
30 Figure 3 is a schematic view of the coating system according to

another embodiment of the present invention.
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The system of the present invention coats a plurality of simultaneously
applied coating fluids onto a substrate. The substrate noves 5 along a
path through a coating station, and a plurality of |ayers of coating fluids
are fl owed weyedriaer t o-face contact with each other to fornPeI/usasieasst e

| ayer. The conposite |ayer flows as a high velocity jet at a speed that is
sufficiently high to forma continuous flowing fluid bridge to the
substrate surface across the coating width regardl ess of the direction or

the force of g%gﬁpm conposite 10 layer jet inpinges the
substrate to d fluids on the substrate. The conposite jet
fkuid bridge has a | engtThejetawhting devive i4 best welerstoadibyaeferringtotiiei ng f 1 ui d
applied. The system al sq, can_ ipgclude deposi{ing.,.the, co site, Layer onto a
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coating progess y bl oc%eng%es??ow before it ‘(::ont actdsyt e web without
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possible to have at |east one coating fluid that does not_ wet the
substrate, or iclpsingonepide pin eavity withathinapeteldoil whichthasap enifigeeut throughs a
surface te ioqtdiffering froman adjacent coating fluid, or is in

turbulent flTow, or is mscible with an adjacent coating fluid. 25 BREIF
DESCRI PTI ON OF THE DRAW Théslét lgis shoivn a3 ofientated badizontallycperpendizulae @at i ng di e.

the direction of gravity. At very low flow rates and in the absence of any
substrate or obstruction near the orifice, fluid exiting from the orifice 16 will
attach to the lower dic face 20 and flow down along it for some measurable

15  distance before breaking free and falling vertically under the influence of gravity.

A jet coating device of this invention is created if the kinetic

energy of the fluid issuing from the orifice 16 is large. This occurs at high flow
rates. At these rates, the fluid issuing from the slot orifice will attach to only the
upper and lower edges 22, 24 of the orifice 16, breaking cleanly free from the die

20 faces 18, 20, and forming a horizontal jet. The jet is a ribbon of fluid that is
expelled horizontally for some visible distance. The high flow rate at which this
jet is first formed depends on the slot dimensions, the density of the fluid, the
fluid surface tension, and the rheological properties of the fluid. The gap between
the coater lips, which define the outlet of the slot 14, and the web can be greater

25  than ten times the thickness of the fluid layer applied to the web. Although this
explanation describes a horizontal jet, jets can be created at any angle if the

orifice exit velocity is sufficiently high. This is an advantage of jet coaters; jets
can be expelled upwardly against the force of gravity or at any angle, and jets can
be created in a zero gravity environment.

30 A multilayer jet coater which coats three layers of fluid
simuitaneously onto a moving substrate in a superposed layered relationship is



Fi'gure 2 is a schematic view of the coating system of the present

i nvention. 30 .- Fiqgure 3 is a schematic view of the coating
system accordi ng to anot her enbodi nent of the present invention. 4 WO
96/ 23597 PCT/ US95/ 16886
DETAI LED DESCRwir0$¢d3s9Fhe j et coating device is best under st oodCTUSHS(6886' | NQ
to the illustration in Figure 1 which shows a single |ayer die which may be
used for jet s coating. The die 10 has ,a single cavity 12 into which fluid
may be punped thro %Fm%nf*@%lW@ﬁemw whickisdireeted (o an

exiting slot 14 whjeh 1 5t | ,@M e‘.}!ﬁ& Hi?ecﬁfh.bf I ce
16 forned where the sgg'ltﬂj‘ 14 ?A#‘s&nﬁ I e %%33%%& er%g%gg%/, the die
and its slot exit welsubstantidllyupmerdly: cl osi ng one side of a cavity with a

thin metal foil which has an, orifice . .cut .through 10 it.. The slot_14 is
shown as orientated hori zontﬁﬁﬁ?‘mﬂgp’ﬁéﬁd?G’ﬁftﬁ‘?"?'lf"?%mé\“r patly The

gravity. At very | gomihg G\ 36Hae8 firsh cavith 38 o WhRA XMt iuid®Eoatifg 86 is'phipe® bt
obstruction near the orifice, fluid exiting fromthe orifice 16 wl| attach

to the |ower die faeenstagtmiebyfirshmetering mimpz througla firshinlet 44 from afeed tank
di stance before brgaki i rtis i nf nce of
glr avity A jet coat ?ﬁg&%g@%@%@@ﬁs%ﬁgﬁxﬁé%ﬁgﬁgﬁﬁ &?H!ﬁaﬂ sx“gtt I C

energy of the fl ui 46 tosesconigorf slot48t he orifice 16 is large. This occurs at

high flow rates. At these rajes, the,f%lid I ssuing framthe slot orifice
will attach to only the e coating die 36 also has a second cavity 50 into which a second

10  fluid coating 52 is pumped at a constant rate by a second metering pump 54
~ through a second inlet 56 from the feed tank 51. The fluid coating 52 flows from
the cavity 50 through a second elongated slot 58 to the common slot 48 where it

joins with the coating fluid 40 to form a composite layer flowing fluid stream in
the slot 48. The coating die 36 has a third cavity 60 into which a third fluid

15 coating 62 is pumped at a constant rate by a third metering pump 64 through a
third inlet 66 from the feed tank 61. The fluid coating 62 flows from the cavity
60 through a third elongated slot 68 to the common slot 48 where it joins with
coating fluids 40 and 52 to form a composite layer flowing fluid stream in the slot
48.

20 Coating fluids 40, 52, 62 flow through the common slot 48 in a
layered, laminar, juxtaposed face-to-face relationship with a combined flow rate
large enough to form a composite layered free fluid jet 70 having three distinct
superposed layers 72, 74, 76 issuing from a slot orifice 78. The flow through
each individual slot 46, 58, 68 can be sufficient to create a jet or these flows can

25  be too small while the flow through the common slot 48, due to the increased
velocity, is sufficient to create the jet. The jet coating die 36 is orientated so that
the slot 48 is perpendicular to the force of gravity. In alternative embodiments,
the jet flow and the web can be oriented in any direction including upwardly or -
downwardly flowing jets. The coating method may be used in a low or zero

30 pgravity environment and is not encumbered by the gravitational orientation.
Surprisingly, the high flow rate needed to form the fluid jet does not cause



upper and | ower edges 22, 24 of the orifice 16, breaking cleanly free from
the die 20 faces 1, 20, and formng a horizontal jet. The jet is a ribbon
of flurd that 1's expelled horizontally for sone visible distance. The high
fifowrate at which this jet is first formed depends on the slot dinensions,
t he densi t yggfe fluid, the fluid surface tension, and tlpernkeices cal
properties of the tluid. The gap between the coater |ips, which define the
outlet of the slot 14, and the web can be greater 25 than ten tinmes the

t hi ckness of thmxhbtdf&elmﬁbplelqyptsiupdnhm&hﬁthﬂb.weﬁ%mdjmuﬁﬂmexpl anati on
describes a hori zont al ts can be created at any angle if the orifice
exit velocity jcoatigs EWF high. This is an advantage of jet coaters;

jets can be expelled upwmﬂinxuwlm&éoaﬁﬁgeﬂﬁagsﬁuafcoﬂibwﬁntoaeoﬁposaey angl e,
and jets can be created in a zero gravity environnent.
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a noving sulstrate in a 96/ 23597
PCt / US95/ 16886 shown in |§ ’@&}ﬁg‘ﬁh@ﬁﬁ}ﬁ@@@wg‘m@ﬁu ni} us Xv@b 30
which is dir ect&mhomm@mwﬁfﬁelsmyommw&&&mﬁmm ch

support the web and di rect the web ubstantially upwardly. oating die
ot

36 is | ocated tVisfaussstacding wwpltvm%ﬁlsch%aw %"@831!9 s a first

cavity 38 into %qmg tant rate

by first net erldr%h%tr}'n%m%zﬁ&%r%hghﬂga I rst rom eetgp‘l}gnk 41. The

fluid coating %dfahy)mer&mkforcbhmungupbryma&tmmmﬂem slecebmtgat ed slot 46
to a commo n' 5! Ot fxls%c, pressure differentials, gravitational, and centrifugal forces.
Impingement of the composite fluid jet 70 on the moving web 30 can occur
without mixing the layers to deposit on the web a coating of three distinct
superposed layers 72, 74, 76. The proper adjustment of the distance from the die
orifice 78 to the web 30, and the angle of impingement of the jet with the web are
15 important to obtain continuous layered coatings.
Figure 2 also shows an interceptor baffle 84 which may be moved
upward by a driver (not shown) to intercept the jet 70 before it impinges the web
30. The bafflc 84 is used when gravity is present to facilitate start-up and shut-
- down procedures and can stop the coating operation without stopping the web or
20 the flow of the coating fluids. When the baffle 84 intercepts the coating fluid jets
70 as shown by the broken lines, coating fluid will run down the baffle and into a
catch pan 86.
In Figure 2, the combined flow rate of the layers forming the jet 70
for some fluids is generally greater than 1.5 cubic centimeters per second per
25  centimeter of jet width. To maintain the distinct layered relationship of the
coating upon the web 30, turbulence in the individual layers 72, 74, 76 must be
avoided if the interfacial tensions are low or if the layers are miscible. If there is
a high interfacial tension, some turbulence may occur without disrupting the
interface.
30 The combined wet thickness of the layers 72, 74, 76 of coating
depositéd on the moving web 30 will be the same as the thickness of the multiple



The coating die 36 also has a second cavity 50 into which a second 10
fluid coating 52 is punped at a constant rate by a second netering punp 54

t hrough a second inlet 56 fromthe feed tank 51. The fluid coating 52 flows
fromthe cavity 50 through a second elongated slot 58 to the common slot 48
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When this becomes large, the quality of the layer coating may suffer or mixing

may occur. Factors that influence this are the flow properties of the layers, the

15  surface and interfacial tension of the layers, the angle of impact with the
substrate, external body forces, and external pressure gradients. Layer flow rates,
substrate speed, jet die distance from the substrate, and the angle of impingement
are the primary variables to be changed to stabilize the contacting of the jet to the
substrate.

20 Many different die .geometries can be used to produce a multiple
layer jet. Multiple fluid streams can be brought together before entering a single
die cavity and then be spread in layered relationship within the cavity before
exiting from a single die slot. A jet of fluid can be formed from a die slot with
additional layers attached external of the jet orifice shown in Figure 3. The jet

25  can be either a single layer or a composite layer to which additional layers are
added externally. Also, multiple jets from separate orifices from one or many
dies may be combined in midair after they have left the respective orifices to form
composite jets. Also, the lips of the jet orifice may be offset.

The composite layer can be deposited onto a transfer surface, such

30 asaroll or belt, before the contacting the substrate step. Figure 3 showsa

simultaneous two layer coating apparatus. Coating fluid 88 passes through the
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m xi ng of the multiple |ayers upon inpact with the web 30, and a multilayer
coating can be produced. Alternatively, the coating fluids can be conbi ned
Pnto a conposite |ayer before the fluids enter the die which then creates

" the conposSyigoshasgr jet. 5 The conposite | ayrorakosnesssl | et 70
foll ows a path which need not be straight. The path is the resultant of the

surface forces on its free surfaces, the viscous retarding forces due to
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| mpi ngenment of the conposite fluid jet 70 on the noving web 30 can occur

Wi t hout ni xi nceontagt withy thedriven roll 96 The goating dis Q0 hag ap internl gavity 10tBat g st i nct

super posed { ay. E%{l&&:d 4 dhsist : | ce from
the die ori iclg to E%%Slﬁm%?agggﬁﬁlgéme@y }%f%g@ﬁ.gh?iﬁ] the jet
with the web atask 186 byngpretisioh meterinp painp 108 thivougha filter )@ ansice bubbleittaps. Fi gure

2 al so shows ap . nterceptor baffle 84 which may be noved upward by a driver
(not shown) to 2ntercept the jet 70 before it inpinges the web 30. The

baffle 84 is used when mwmﬁgwmtwsﬁ@ﬁaﬁaﬁtawg@mm and shut -
down procedures and can stop the coaéli ng operaftion wthout stopping the web

or 20 the fl ometsredibya pomp L1Aghrongh ai 0 and & bubble wapcl 24ntormcayitiept s t he
coa 110,14, Lo i S R R R bR R T R S L
rate of the | agie9o af the slongrifideci 28 Coatihgf fiuid 88 flows fromdhe ¢avitg 20@thadugh or eat er
than 1.5 cubi Cthge ott I1 2 :tm%reii eart aﬁﬁ,‘iﬁé‘edm%%;m the die face 130. The flow rate of
the fluid 88 from the orifice 104 is not large enough to form a free jet, so it flows
down the die face 130 and onto the top of the fluid 114 at the orifice 128. The
15 fluid 114 is flowing at a large rate and it combines with the fluid 90 to form a
composite two layer free jet 132 including layers 134, 136. The layer 136 of fluid
114 is attached to the die 90 at only the edges of the orifice 128. The composite
~ jet 132 traverses the gap to the driven transfer roll 98 and deposits a two layer
coating on its surface. If the slot 126 is horizontal and no obstruction is present,
20 the jet 132 would pass through a perpendicular plane spaced 1.5 millimeters to
the right of the orifice 128. _
The transfer roll 98 rotates counterclockwise and carries the
composite fluid layer 138 on its surface into the nip between the driven roll 96
and the transfer roll 98. The transfer roll 98 carries the web 94 through the nip in
25  amanner such that it contacts the surface of the transfer roll 98. The web

removes the composite layer and it is deposited upon the web surface.

The substrate may be a continuous web running at speeds of 10 to
3,000 meters per minute through the coating station, or it may be a discrete sheet,
a discrete rigid piece part, or an array of pieces or parts transported through the
30 coating station. The coating layers may be of differing compositions, and have

wide variation in viscosity, surface tension, and thickness ratios. The composite



25 centinmeter of jet width. To nmaintain the distinct |ayered relationship
of the coating upon the web 30, turbulence in_the individual _|ayers 72, 74,
76 nust be avoided if the interfacial tensions are lowor if the layers are
mscible. If there is a high interfacial tension, some turbul ence may occur
Wi t hout di sruptwogstsser i nterface. 30 The conbi nerCTAIS95/16886

t hi ckness of the layers 72, 74, 76 of coating deposited on the noving web

30 will be the sangyas the thickness of the nultiple 7 WO 96/23597
PCT/ US95/ 16886 | ay lhave sombipation of srfack trasions and Miscasities,sodhat itwillpeh 30

surface equal s t hedé&&l%ﬂiﬂGsﬁH@&aﬁ% %&Wé@%ﬁce%&ﬁpﬁwg

vel ocity of the substrate is greater than the i

conbi ned wet t hi ck nfanspart thrangh sheostingsstasiont Edamplletofmaﬁngs&::dimatabhﬂ:y

il | produce t hi nnghs BEBD NG obme. HHEGF<Sh iiions of Eatalted S0 IKIRE. s

| ong as the kingti alsgagbﬁg{hqﬁ,dmma%g,d,gt is sufficient to displ ace
the air on the surface of the web in a sufficiently uniformand stable

manner. \Wien the vel ocity ofBecause W@desetMmgnmlvmmufg j et

oreater Thantne" St RrobleAuEo el 0 ot B A B ot

on many factors, ttwadvmgdmeﬁrmheoamgcmwﬁgeﬁcoaﬁﬁ%ilmebﬁﬂbiudé@dgﬂ:orm on
es the jet) of the

the approach side e Sj from whi ch the web approact

web at the inpi ngeM?*%mes'WMWQMW‘&’Pb@“%e qual ity of the

l'ayer coating ngy suffer or 'Flﬂx %&U&infaﬁﬁﬁ?&ﬁet@ﬂéiﬂéﬁ&%@u@i S
ayers e

are the flow properties of the , t
photographic materials on paper or similar substrates, or to create magnetic media

tapes, disks, and other articles.
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15 surface and interfaci altenstronof the Tayers, the angle of inpact with
t he substrate, external body . rnal _pressure gradients_ _|ayer
flow rates, substrate speed, mﬁ‘mmﬂﬂﬂ;ﬂ‘ﬂmﬁ fromthe substrate, and the
angl e of inpingenent are the rsabkes to be changed to stabilize

t he cont aciwigygnsdert he jet to the substrate. 20 PCT/USBAIL688G f f er ent
di e geonetries can be used to produce a multiple layer jet. Miultiple fluid
streans can be brought together before entering a single die cavity and

t hen be spreadClAIMAyered rel ationship within the cavity before exiting
froma single die slot. Ajet of fluid can be forned froma die slot with
additional |ayers attached external of the jet orifice shown in Figure 3.

The jet 25 can be eithdr a 9imethed bfgoatings subsirateBd,94twith mplaralityoofihi ch
additional |ayers a ernal |l so, ,multiple jets fromseparate
orifices from bﬁ?sgi’%ﬁaﬂgqgﬁéékﬂgﬁ%‘ézg&%msmﬁ sﬁﬁi’Ff’Eafter t hey have
left the regpective Orifﬁsﬁﬁgﬁesiwggﬂ?a%mwae&ﬁgmﬁm lips of the

jet orifice may be offset The conposi ayer can be deposi ted onto a
transfer surface, such Formings atleastfirst and second flaydng layens(ie, Mo@6,438i ng t he

substrate step L gure shows a sinultaneous two | ayer coating apparatus. |
Coating fl uid %ﬁ%‘&g&hﬂ&ough the WD 96/ 23597

PCT/ US95/ 16886 di e 90. Alcwing hfleasbéritiofeht liyers Soh@ahit SHfieeT8, 199ofdie die 90.
A continuous web 94 passes through the coating station 92 and_around a

driven rol | 96slat48 126 pkakinetic et coptsr6, 90 atavelogity thatds suffiqient to frm 898 1 ot at es
count er cl ogkwi ' .ianﬁﬂ | Clee MV 15 .driven roll 96. The
coating di 35908%512’{1%#’?%4 erna*hg%ﬁ%&%%%?h%wgﬁ gtl’s connected to a sl ot
102 and an orifice 104. placing thelayess ifl fide-tosface contact edthieachoother to form a

composite layer 138 regardless of whether each layer is individually flowing ata

rate that is sufficient to form a continuous flowing fluid kinetic jet;
flowing the composite layer at a velocity that is sufficient to cause
15 the composite layer to form a continuous, horizontally flowing kinetic jet to the
substrate for a coating width; and

contacting the substrate 30, 94 with the flowing composite layer
138 kinetic jet to deposit the coating fluids on the substrate in a plurality of
distinct superposed layers of the coating fluids.

20 '

2. The method of claim 1 wherein the placing the layers step
comprises placing the first and second layers 72, 74, 76, 134, 136 in face-to-face
contact with each other to form a composite layer 138 within the slot 48, 126 at a -
velocity that is sufficient to cause the composite layer to form a continuous,

25  horizontally flowing kinetic jet to the substrate for the coating width.

3. The method of claim 1 wherein the placing the layers step
comprises, after flowing at least one first coating fluid 76, 136 layer through the
slot and outside of the slot, applying at least one second coating fluid layer 134
30 on the first coating fluid layer to form a kinetic jet of the composite layer without
destroying the kinetic jet of the first layer.



tdank 106 by a precision nmetering punp 108 through a filter 110 and a bubble
trap 112. The second coating fluid 114 is supplied froma tank 116 and is

netered by a punp 1.10 thromnmmmnlm"wm and a bubble trap 122 into a
cavity lo 124 in the die 9 I,y 124, it flows through a sl ot
126 and exits tywooenaeP0 at fhesl'ot Moriffi te 128. Coating fl uiscHdkokheREe
fromthe cavity 100 through the slot 102 and exists at an orifice 104 onto
the die face .130. The flowrate of the fluid 88 fromthe orifice 104 is not
| arge enough to forma free jet, so it flows down the die face 130 and onto

the top of the fluid 114 at 4 he LTl . Fluwid 114 is flow ng
at a large rate and it conbiﬁies %%#e?ﬁ)g%??l&ﬂg%%{%g%ﬁ&wggéﬁm € two
layer free jet 132layerctepdiomprisesicontinubiisly mbRfing Heaedony eoatihg@luif 74 thttugha14 i s
attached to the di St .only the edges qf the orifice 128. The conposite

90
jet 132 traverses fqﬂ‘apf Cetcogter ovying,the secopd flpidatpng afaceofths ts a two
| ayer coating oB itsuegurface. If the slot 126 is horizontal and no
obstruction is present, 20 the jet 132 woul d pass through a perpendicul ar
pl ane spaced 1.5 millineters to the right of the orifice 128. The transfer

roll 98 rotates countercl ockw se.and carri.es,t onposite fluid | ayer 138
on its surface into the ni plggnetv@ﬁqeﬁ@dcfff’f’%gmﬂ POFIRE R SIER Onst er

roll 98. The transieictinghlo@gate frthefirst lowing ayer 76, 130uclvatiitoniiifh i N 25 a
manner such that it caontacts the surface of the transfer roll 98. The web

renoves the conposferabinationwiththe slot dimensionsca dangity pfishe flvid, aBuid sunfdcace. The
substrate may i | Se.0f 10 t.0. 3,000 neters
per mnute thrgﬁgh t @ﬁ?%%%%r&heﬁégbfgﬂ%ak@? ‘e sheet, a

discrete rigid piece part, or an array of pieces or parts transported
t hrough the 30 coating statjon. .The coating, | ayers nmay be_of differjng
conposi tions, and have wi de Vari é@F %? ‘\ngEBéi“t reinsthe flgwingthecompesitey n g

thickness ratios. jhyér stepudfiptised forming each layer in a separate die slot 102, 126 of a kinetic
jet coater and forming the composite layer external to the die slots as the
15 confluence of the plurality of single layer kinetic jets exiting the respective die
portions.

7. The method of claim 1 wherein at least one of the coating
fluids does not wet the substrate.
20

8. The method of claim 1 wherein at least one of the coating
fluids is not miscible with an adjacent coating fluid.

9. The method of claim 1 wherein at least one of the coating
25 fluids has a surface tension differing from an adjacent coating fluid.

10.  The method of claim 1 wherein at least one of the coating |
fluids is in turbulent flow.

30 . 11.  The method of claim 1 wherein the moving the substrate
30, 94 along a path through a coating station step comprises spacing the substrate

12



9 | ayer will have a conbimation of surface tensions and viscosities so
that it will not dewet fro rfice after contacting over the
surface wthin the tinme of nibnm “W“‘ mnmn the coating station. Exanples
of coating fluids coatable I'stmet hdd dre nononers, oligoners,

sol uti ons @whoghswp! ved solids, solid-liquid 5 dispersi on®cTiUSSpm6sBs
m xtures, and enul sions. Because both curtain coating and jet coating
i nvol ve the use of free unsupported movi ng_sheets of fluids, nany of the

devi ces and apfiem thelbeginning of the flwidkineticdet adigance greates thanitentimesthere used in
t t T d d ed
L8 015, R AL o e, 1 02T, a1 e

di verse fields such as to create photographic materials on paper or simlar
substrates, or to create_nagnetic, nedia tapes, disks, and_ other agzticles.

12. A Xinetic jet coater apparatus for coating a substrate 30,

10 WD 96/ 23597

PCT/ US95/ 16386, Al ?H‘?ﬁ%@'ﬂ ﬁﬂ‘a?ﬂé ng a substrate 30,94 with a
plurality gsfs ayertsll@&c]laﬁs # 9%'8 toating fluid conprising the
steps of: 5 a died6y PO havihga firsb passageway communicatiniptbetweenagh a

. fi fl owi I 72, 74,
ggat Hgg statlon fo{lwdn ae%dacﬁg%t;f' rst and second ow ng | ayers

means for moving the substrate 30, 94 at a spaced distance from
the die exit;
10 means for flowing a first coating fluid 76, 136 from the die exit at
a rate that is sufficiently high to cause the coating fluid to exit from the die exit
and create a continuous flowing fluid kinetic jet bridging to the substrate for a
coating width;
means for flowing at least one second coating fluid layer 74, 134
15 in face-to-face contact with the coating fluid kinetic jet to form a composite layer
kinetic jet bridging to the substrate for the coating width.

13.  The apparatus of claim 16 wherein the second coating fluid
layer 74, 134 flows together with the first coating fluid 76, 136 through the die
20  exit.

14.  The apparatus of claim 16 wherein the die comprises: a
first cavity 60 for receiving the first coating fluid 76, wherein the first
passageway is a slot 68 which communicates between the first cavity and a first

25 slot exit; a second cavity 50 for receiving the second coating fluid 74; and a
second slot 58 communicating between the second cavity and a second slot exit;
and a third slot 48 for receiving the first and second coating fluids from the
respective first and second slot exits and communicating with the die exit;
wherein the first and second fluids form a composite layer within the third slot 48

30  and wherein the third slot is sized to flow the composite layer at a rate that is
sufficiently high to cause the composite layer to exit from the die exit and break

13



136 of coating fluid; flow ng—at—teast one of the |layers froma sl ot

orifice 78, 128 of a slot 48, { iy j et coater. 36,90 at a
velocity that is sufficient toﬂ@'ﬁ“umm“m(mn nuous, horizontally flow ng
orifice-exiting kinetic jet; p g 4t he layers in face-to-face contact

wi th each ot hewotogrzdser m a conposite | ayer 138 regardl ess of WhETMH5/16886 h
|l ayer is individually flowwng at a rate that is sufficient to forma

continuous flowng fluid kinetic jet; flowing the conposite |layer at a

velocity that is Sigeplydyesitom the dig sugaces withput copfactingmare thap the adges ofiths o
continuous, horiz : E‘"‘w“ ',ag%ﬂ' 1 tefrstianil s@ofi@t | NO
wi dt h; and cont ac%ﬁbét%g;s st ra{ﬂ'e é@imﬁﬁ‘%@épﬁdﬁg l?%trf.%gm te@I ayer
138 kinetic jet t dlukisiogsheir respectivedirstiand sdcondislots is sulficient besforma adluidikipetic
plurality of disti,nct superposed |ayers of the coating fluids. 20 2. The
met hod of claim 1¥herein the pl acing the | ayers step conprises placing the
first and second |ayers 72, 74, 76, 134, 136 in face-to-face contact with

each other to forma conposite layer 138 within the slot 48, 126 at a
velocity that is sufficient 180 cAbetpparstusobelgim 16 wherginthe flowing means

conti nuous, 25 ' t | ' LG ] t r the
coating width. 3. %H% %‘%‘%ﬁ%@%ﬁ%ﬁ%ﬁéﬁ%‘%@gﬁg&ﬁ% aF‘gyer S
step conprises, afmeins fdrapplyingat lehs ané additionhl coatingfiid feyef orinhe cofiing Faid ayer
through the slot and oytside, gf the slot, applying at |east one second
coating fluid | ayef¥ery “edﬁ’ﬁdfehe first coating fluid layer to forma
kinetic jet of,4he conposite |ayer wi thout destroying the kinetic jet of
the first |ayer.

14



4. The nethod of claim3 wherein the flow ng the Ite |ayer step
conprises continuously netering the second g fluid 74 through a sl ot
of the kinetic jet coater jand fl ow e second fluid %hgng a face of the

5 coater. 5. The methed~0f claim 3 further the step of
sel ecting af | Qu—at® for the first flow ng | ayer 76, 136 of coating fluid

“_'Lg,goﬁb%néfion with the slot dinensions, a density of the fluid, a fluid

surface 10 tension, and a_rl}epl‘bgi cal properties of the fluid to forma
kinetic jet. 6. The nethod of claim1 wherein the flowi ng the conposite
| aygo conprises formng each layer in a separate die slot 102, 126 of
a kinetic jet coater and formng the conposite |ayer external to the die
slots as the 15 confluence of the plurality of single layer kinetic jets
exiting the respective die tions. 7. The met hod of claim 1l wherein at
| east one of the coating fIﬁﬁ%E\dﬁfs not wet the substrate. 20 8. The
met hod of claim1 wherein at | eas®one of : ds is not

m scible with an adjacent coati ng ' of claim1l
wherein at | east one of theT0Oating 25 face tension
differing froman adjacentfcoating fl uid. od of claiml
wherein at | east one of tje coatrng Trors
11. The met hod of cl aip
path through a coating g




WO 96/ 23597

PCT/ US95/ 16886 from the_beginning_ of the fluid kinetic jet a distance
greater than ten tinmes the thickness of the conposite |ayer 138 applied to
the substrate. 12. A kinetic jet coater apparatus for coating a substrate
30, 94 5 wrobs3mdtt i pl e | ayers of coating fluid conprisi ngecreusdsmssésd, 90
having a first passageway conmmuni cat Q) detween a coating fluid source and
a die exit; neans for noving the substrate 30, 94 at a spaced di stance from
the die exit; 10 means for flowng a first coating fluid 76,
136 fromthe die exit at a rate thakgis sufficiently high to cause the
coating fluid to exit fromthe die’ ex N and create a continuous flow ng
f-luid kinetic jet bridging to the ss N\gte for a coating width; neans for
flow ng at | east one second cpating ¢l &\\ ayer 74, 134 15 in
face-to-face contact with th%cati ng urs\kinetic jet to forma conposite
| ayer kinetic jet bridging to the\sy \\,| or the coating wdth. 13.

The apparatus of claim 16 wherei ) secon coating fluid layer 74, 134
flows together with the first co%in 76, 136 through the die 20
exit. 14. The apparatus of cl aft IGAMTETS{Q the die conprises: a first
cavity 60 for receiving the first gfating fl 0Rd 76, wherein the first
passageway is a slot 68 which fcates betQeen the first cavity and a
first 25 slot exit; a second cav 50 for reckiving the second coating
fluid 74; and a .

: .:f"::ﬂ L
: N !'(:;;,,; &7 N
AX 2 8
LY B
S { :
8. ' - )
‘- L ]
o0
d
‘ —3
N




second sl ot 58 communi cating between the second ca3i7t0 %gdLFajse g
exit; and a third slot 48 for receiving the first ant ™ EcHnd [of7 N
fromthe respective first and second slot exits and corrapy catff
di'e exit; wherein the first and second fluids forma conposi t s
the third slot 48 30 and wherein the third slot is sized t @8
-conposite |aye a rate tWeHLD INELEETEALOREPERTY PRAANGRTIOND CauSe Q
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(54) Title: MULTIPLE LAYER COATING METHOD

(57) Abstract

A plurality of simultaneously applied coating fluids (72, 74, 76, 134, 136) is coated on a substrate (30, 94) by moving the substrate
along a path through a coating station. A plurslity of flowing layers of coating fluid is formed in face-to-face contact with each other to
form a composite layer (138). This composite layer flows at a speed that is sufficiently high to form a continuous flowing composite layer
Jjet to the substrate surface for the coating width regardless of the direction of flow of the fluid jet.




