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METHODANDAPPARATUSFORAPPLYING 

THIN FLUID COATING STRIPES 

TECHNICAL FIELP 

The present invention: relates tO COl!-ting. More particularly, the 

present invention relates to preparing and applying ultra-thin, coating stripes. 

10 BACKGROllND OF IlJE 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 appIJcation of lubricating oil to metal 

ls in metal coil processing or the application of chemical reactants to activate or 

chemically transform a substrate sUrface. ·Alternatively, the coating can be dried 

if it contains a volatile fluid to .leave behind a solid coat such as a paint, or can be 

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 coating are discussed in Cohen, E.D. and Gutoff, E.B., 

Modern Coating and Drying Technology, VCH Publishers, New York 1992 and 

Satas. D .• Web Processing and Converting Technology and Equipment, Van 

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 5 

2S microns thick. 

Numerous products are made ftom webs coated with stripes of two 

or more different fonnulations coated downweb side-by-side. This technology is 

useful in manufacturing differential release coatings and in other products. The 

different fonnulations may differ in color through the addition of a dye or 

30 pigment. or they may differ in chemical fonnulation to have different chemical, 

physical,. or surface properties. 
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Of the coating meth~ known for applying continuous fluid 

coatings (such as roll, curtain, slot, air knife, slide. and gravure C9ating) other 

than water expansion techniques;. DOile can apply wet coating thicknesses beloW 

about 0.1 micron. To achieve lower final ·c:h'Y thicknesses with these methods, the 

s coating must be diluted with a solvent that can be removed by evaporation to 

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

adding the cost of~ diluent and the cost of preparing the diluted coating fluid. 

Also, the necessary solvent is often hazardous to the environment_ and the 

manufacturing personnel. 

10 Discontinuous methods of applying ultra-thin, coatings molecule . . .. . . . . ~ . 

by molecule or drop by dro;p inclucle condensin~ f!om a vapor phase and the 

electrospray process de$Cribed in U.S. Patent No. 4,748,043. However,. few fluid 

coatings of commercial interest CB;D be successfully v~porized, and the 

electrospray process is limited to a narrow range of viscosity and electrical 

JS properties of the coating fluid. 

For thicknesses greater than 0.1 micron, multiple roll or transfer 

roll coaters are used. Typical commercial equipment includes the five roll coater 

sold by the Bachofen & Meier AG, of Bulach, Ge~y, and others. This coater 

style is expensive to purchase and maintain~ of its many driven rolls; Any 

20 defect in the surface of the rolls us~ly produees a repeating defect in the 

coating. Additionally, these coate~ liave not succe~fully applied wet coatings in 

the 0.005 to 0.1 micron range. 

Water expansion techniCJUCS firSt started with the Langmuir­

Blodgett method of prod~ !Uld clepositing m~nomolecular ~lms as described 

25 by Blodgett in the Journal of the American Chemical Society, (Vol. 57, 1007, 

1935). This method involves casting a dilute solvent solution of a film-forming 

organic molecule on a staggant wat~ surface. The solution spreads to fonn a thin 

film on the water-air interface. The solvent i~ e~po~ leaving behind a 

monolayer of film fonning molecules. The film ~s th~ deposited on the surface 

30 of a su~te by passing the sub~ through the.water sµrface on which the 

monomolecular layer fllm is riding. U.S. Patent No. 4,093,757 discloses forming 
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a continuous monomolecular deposit on a cOntlnuous mbstrate. Japanese Patent 

Application 63-327260 discloses an imp?ovement of the Langmuir-Blodgett 

monomolecular technology where films greater than. a ·mo~m~lecular layer thick 

are deposited on a continuous substrate to form an ultra-thin film coating at 

s thicknesses of O.OOS to S microns. 
• 

Although the water surface eX.,ansion technique can coat useful 

coatings on substrates, it requires that the coating fluid spontaneousiy and rapidly 

spread on the water~ interfaCe. To achieve_ this for many coating formulations, 

additional solvents or surface active agents must be fowid. and added. 

1 o Additionally, the maximuin coating rate is limited bY the rate of spreading. Also, 
. ' ··. .. 

the speed of coating the substrate is limited by other problems. It. is reported that 

at modest speeds of 10 ·to SO m/minute, Sir bubbles tend to be ttapped between 

the film and the substrate. Water expansion techniques rely on picking the 

coating from a stagnant water pond by passing the s~strate through the water 
. . 

IS smface or contacting the substrate to the water surface. Often, evaponmon of 

solvent must occur to create a solid or near solid surface film to allow the direct 

transfer of the coating to the substrate. The sui-face of the pond is also subject to 

contamination that can increase with time, degrading the coating quality. The 

water expansion technique is not known to be useable with miscible coating 
20 fluids and water soluble or dis~ble coating consti~ts. . 

To use these known techiiiques to apply abutted side-by-side 
downweb stripes requires multiple processing steps. For example. multiroll 

transfer coaters would require two coating stations, on~ for each fonnulation. In 

addition:, exttemely precise tracking of the web and alignment of the coater is 

2s necessary to produce the abutting side-by-side stripes ~~ut overlap or gaps 

between the S1ripes. 

Theie is no knoWll methoo of using water expansion techniques to 

apply abutting and different down web stripes simultaneously. One would expect 

that if different formulations with different water surfiace spreading characteristics 
30 were placed on the surface of water, the material with the highest spreading 

coefficient or the formulation with the highest rate of spreading would dominate 
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the water surface making it impossible to form the discrete controlled regions 
. . 

necessary to produce stripes. ·Also, if two liquids of different surface tensions are 

placed in side-by-Side contact, the forces created by the unbalanced surface 

tensions should cause the mating line at every point to move perpendicular to the 

s interface at that point and toward the high swface tension fluid. Again, such 

behavior would be expected to make it impossible to deposit fluid of different 

formulations as uniform, constant wi~tb, abutting stripes on a liquid or substrate. 

With the known technology, the only procedure for creating abutting stripes using 
. . 

water expansion is by first masking the substrate area to which material B is to be 

JO applied, then coating material A, then stripping the first masking off the web, 

then solidifying material A, then masking the A coated surface. then coating and 

solidifying material B, and then removing the second masking. Such a procedure 

requires multiple coating stations, and is complex. Manufacturing product by this 

procedure is costly. 

IS 

SUMMARY OF THE IN\TENTION 

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 station. A 

20 plurality of separate flowing layms of coating fluids is formed and flowed into 

side-by-side abutting contact to fonn a single flowing layer of side-by-side stripes 

of different formulations. A flowing layer of a cai'rier fluid is formed and the 

plurality of coating fluids is tlo~ed in contact with the canier fluid to fonn a 

composite layer. The composite layer flows at a rate that is sufficiently high to 

25 fonn a continuous flowing fl~d bridge of composite layer to the substrate surface 

for the coating width. The flowing composite l2lfer contacts the substtate to 

interpose the coating layer between the substrate and the carrier fluid. The carrier 

fluid is removed while leav~g the coating fluid on the substrate as a coating 

layer. 

30 The substrate passes through the coating station at speeds ranging 

up to 2000 m/minute. The forming step can use a slide coater, a curtain coater.; an 
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extrusion coater, a slot coater, a knife C<Jater, a jet coater, a roll coater, or other 

coaters, many of which are described in Cohen and Outoff. The carrier fluid can 

be removed by doctorlng, suctio~. drainin~ by gravity, blowing, centrifugal 

removal, evaporation, using ele~c or !Da$1letic fields, solidification or gelling of 

5 coating or carrier followed by m~-cal removal, absorption, or combining any 

of these methods. Additionally, the composite layer can be deposited on a. 

transfer surface, such as a roll or a belt, before contacting the substrate. The 

carrier fluid can be removed from the transfer surface and so that only the coating 

fluid is transferred to the substrate from the transfer surface. 

10 The substrate may be a continuous web running at speeds of 1 to 

2000 m/minute through the coating station or it may be discrete sheets or parts 

transported through the coating station. 

15 

20 

25 

30 

BRIEF QESCRIPDON OF THE DRAWINGS 

Figure l is a schematic. view of a slide curtain coating apparatus 

according to the present invention. 

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

to another embodiment of the present invention. 

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

Figure 4 is a schematic view of a simplified curtain coating 

apparatus acconiing to another embodiment of the present invention. 

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

invention using a transfer roll where the carrier fluid is removed before the 

transfer of the coating fluid to ~ web. 

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

invention using a transfer roll to carry the carrier and coating tluids to the web. 

Figure 7 is a schematic vi~ of another embodiment of the present 

invention using a knife over roll device combined with ~die applicator of the 

coating fluid. 

Figure 8 is a schematic view of another embodiment of the present 

invention used for coating adjacent stripes. 
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Figure 9 is a side view of a shim used in the coater of Figure 8. 

Figure 10 is a side view of another shim used in the coater of 

Figure 8. 

Figure 11 is a cross-sectional view of a web coated with stripes. 

DETAILED DESCRJPDON 

In this invention, a flowing composite layer fluid stream of cmier 

fluid and coating fluid is created and deposited on the surface of a substrate, such 

as a web. Deposition occurs as the 'Web moves through the coating station such 

JO that the fluid composite layer first contacts the web-surface to fonn a composite 

layer with carrier fluid at the ajr int.erface on the web and coating fluid between 
the web and the carrier fluid. The cmier tlµid is removed to leave an ultra-thin 

coating fluid layer. 

The substrate can ~ any substrate such as a continuous web, 

1 s disCrete sheets or rigid piece parts, or an array of pieces or parts transported 

through the coating station. The coating fluid can be coated at mean thicknesses 

that are ultra-thin rangin& :(iom 0.005 te> S miCIQns. Additionally, fluids can be 

coated onto substrates at thicknesses gi'eatet than the ultra-thin range including 

I 00 microns or more. 

20 Figure I shows a coating station having an apparatus for coating at 

speeds of 1 to 2000 mlminute. .(\ coating die I 0, shown as a photographic slide 

curtain coater, has an internal c•vity 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 ~s connected to a tank 24 by a 

2S precision metering pump 26 through a surge~ 27, a filter 2~ and a flow meter 

29. A coating station is located next to the die 10. A C()ntinuous web 32 passes 

through the coating station and pa5t the die 10 which is mounted transverse to the 

web. 

Coating fluid 34 is pum~ at a prec~ly controlled rate from the 

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

trap 20 into the internal cavity 12 of the coating die 10. Canier fluid 36 is 
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pumped at a controlled rate uom the tank 24 by the prkislon metering pmnp 26 

through the surge tank 27, the filier 28, and the tlow meter 29 into the intemal 

cavity 22 of the coating die l 0. Carrier fluid is continuously added to the vacuum 

tank 24 through a flow control valve 23 and flow meter 2S from a source (not 

5 shown). Tank.24 is connected to a vacuum source which is not shown. For ultra­

thin coatings, the flow rate of the carrier fluid is much greater than that of the 

coating tluid. 

The internal cavities 12 and 22 distribute the coating fluid 34 and 

canier fluid 36 across the width of the die 10 and to the die faces 38, 40 by 
. . . 

10 distribution slots 42, 44. The composite layer is fonned by continuously 
. . . . 

metering the respective fluids thlough respective orifices 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 fluid, in face-to-face contact, down the 

inclined die face 40 _io the die lip 46. From the lip 46, the co~posite layer film 

IS falls in a curtain 48 under the influence of gravity to contact the web 32. The web 

32 is moved through the coating station and past the die l 0 so that when the 

multiple layer curtain 48 coD.tac:tS the web 32 the coating fluid is adjacent the web 

surface and is interposed between the web and the carrier fluid. The coating fluid 

34 contacts the web. The carrier fluid 36 does not At the point of contact, a 

20 composite layer of coating fluid and carrier fluid has been applied to the web. 
. . ' . 

The composite layer flows at a rate that is sufficiently high to fonn 

a flowing, uninterrupted fluid bridse of composite layer from the die lip 46 to the 

web surface for the coating width. The rate of the coatins fluid alone need not 

sufficient to fonn a continuous flowing fluid bridge. Regardless of whether the 

25 ·. coating fluid is continuous, the earner fluid must be continuous. The fluid bridge 

has two distinct fluid-gas interfaces: the coating fluid-air 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 canier fluid functions to fonn a bridge between the die and the 

web upon which the coating fluid. can travel to transport the coating fluid to the 
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web and to ficilitate the creation of a thin lay~ ~t co~ting fluid before the coating 

fluid oont&Cts the web. It can contain com~n~ that cli6Usr; into the coating 

fluid or solid materials that by some mechanism are left on the coa1ing fluid after 

the canier fluid bas been removed from the web. The carrier fluid can be tap 

5 water or other fluidS. The properties of the coating flarld and the carrier fluid 
.. 

cause the coating fluid flowing onto the cmtjer fluid to fo~ a continuous surface 

film, where desired, before reaching the web. After the carrier fluid transports the 

coating fluid to the web and after the composite layer is deposited on the web, the 

carrier fluid is removed. All of the carrier fluid n~ not be removed as long as 

10 what remains does not impair the desire4 characteristics of the c:,oated web .. 

To achieve good coating uniformity on the web, the carrier fluid 

flow rate, the curtain height "h", and the curtain angle of impingement "a" with 

the web are selected and adjusted as the web speed is changed. The curtain 
height "h" is the distance between the die lip 46 and the web ~2 along the path of 

15 the carrier fluid curtain 48. This path need not be vertical. Under the influence of 

surface tension forces, el~CU"Ostatic forces, viscous traction forces~ or magnetic 
.. . ·.. . •' . . . 

forces, the path can be ~urved or at an angle near 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 7.ero, 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 carrier flow rates, 

impingement angles, or impingement velocities can cause instability of the tluid 

2s bridge when it contacts the web. This can disrupt the coating, or emrain or 
~- . . . . ' -: 

emulsify the coating fluid in the carrier fluid. 

The removal of all or a portion of the carrier fluid from the web 32 ,. . ' . . . . . . . . . 

without objectionable removal of the coatin$ tlwd is possibl~ if at least one of the 

following physical and chemiCal property conditions are met: (a) the carrier fluid 

JO is substantially more volatile than the coating fluid and can be evaporated leaving 

behind the coating; (b) the carrier fluid has • subst&n~ly lower viscosity than 
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the coating fluid; {c) the carrier fluid does not wet the ~ating tluid~covered web; 

(d) the coating fluid pteferentially reacts with or is ~~d by the substrate; (e) 

cithm' coating or cBrri~ are gelled or solidified at the coating station; and (f) the 

carrier fluid can be a~bed and removed by con~g \Via an absorbing · 

s medium. If the carrier ftUid is (g) not misCible with the coating fluid, removal of 

the carrier fluid is often easier. 

A nmnber of alternative mechanical meth~ of removal of at least 

some portion of thC c8rrier fluid are possible. If conditiom (b), (c), or (d) are met, 

at low "web speeds most of the canier .fluid can be cbmec1 under the influence of 
. ~ . . . 

10 gravity into a receptacle SO while the coaiing fluid remains on and is carried away 

with the web. Gravity drainage is especially effective at low speeds if conditions 

(b }, ( c ), and (g) are met. At higher speeds, a gas doctor ~o:zzle, such as an air 

·doctor nozzle 54 as shown in Figure I. can supplement JP.1lvity drainage. A jet of 

gas 52 issues from the nozzle 54 creating pressure and shear to force the carrier 

·.·ts· · fluid off the web. At high ~s. the carrier fl~id can al~ be thrown off by 

centrifugal force when the web rapidly changes direction when turning around a 

· small diameter roll. · ,. 

Surprisingly, when the coating fluid on the web is less than 10 

· microns thick, and condition (b) is met, mechanical doctors (not shown) can 

· 20 remove the majority of the carrier fluid leaving the majority, often all, of the 

coating· fluid on the web. 

In one example, ·the coating fluid is deposited as a layer at least 

l 00 times thinner than the canier •fluid; the coating layer has a viscosity ten times 

higher than the carrier layer; the coating tluid bas a vapor pressure less than half 
. ' ,. . . ,. : . : .. : . 

2s that of the carrier layer; the cOating layer has interfacial properties such that it 

does not de-wet from the web while traveling through the coating station; the 

carrier fluid has interfacial properties such that it does de-\Vet from the coating 

fluid-wet web; and the interfacial tension ~tween the canic=I' fl:Wd and the coating 

fluid is greater than 1 dyne/cm. 

30 Another uneXpected feature of this inventi~n is that if the carrier 
. ' : 

and coating fluids are immiscible and the viscosity of the coating fluid is higher 
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than that of tbe carrier fluid, the flow of the carri~~ fluid can be allowed to 

become turbiiient. Previously, it has always been taught that f~ the simultaneous 
unmixed application of multiple fluid layers to a web, both layers must be kept in 

laminar flow in their respective slots 42 and 44, and in flow down the die face 40. 

s ·The flow down an incline is transitional if the Reynolds Number •. Re, is greater 

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

incline of a Newtonian, non-shear thinning fluid, the Reynolds Number is given 

by Re=4G/m where G is the mass flow J1ite per tmit width of incline and m is the 

viscosity of the fluid. For flow in a slot. the Reynolds Num~ sho"l;lld be kept 
10 below 1400 to remain laminar. For slots 42, 44, the Reynolds Nwnber is 

calculated from the equation Re=G/m. Still another unexpected feature is that 
thin coatings may be obtained of miscible coating and cmier fluids. In this case, 

the mechanical removal of at least some portion of the ~er fluid is produced by 

drainage or by blowing it off with the gas doctor no~e 54. 

IS The coating fluid 34 is metered at a controJled volumetric flow 

rate to the die 10 by the metering pump 16. The _mean thickness of the wet 

coating on the web 32 wiU. approximately equal the volume of coating fluid 

delivered per unit time divided by the surface area of web upon which it is spread. 

When coating a continuous web, this area will equal the coated width of the web 

20 multiplied by the web speed. This enables easy adjustment of the applied coating 
deposition rate. It can be changed proportionally by changing the coating 

pumping rate or inversely proportionally by changing the web speed. If the web 
speed varies with time, the coating deposited can be kept COliStant by varying the 

coating flow rate in proportion to the web speed. 

2S Figure 2 shows an alternative coating die useful for C()ating at 

varying speeds and preferably above 200 m/~n. The die 60 is a multiple layer 
jet coater. The die 60 ejects a free flowing jet of fluid 62 from the die slot 64, 
which receives carrier fluid 36 from the cavity 66. The coating fluid 34 issues 

from a cavity 68 and a slot 70, and slides along iticlined die face 72 until it 
. . 

JO resides on.the jet.of carrier tlgid 36 emanating ftom the slot 64. The composite 

jet 62 of two layers is formed at the exit of the slot 64. 

10 
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A jet coater creates a free flowingjet of fluid 62 that issues from 

· · the die slot 64 at a sufficiently high .velocity to fonn the jet 62 with~ut the aid of 
: . . . . .·.- .:· 

gravity. In contrast, curtain c0aters use gravity to allow the curtain 48 to break 
. ,. . .· .. ·. . 

free :from the cOating die lip 46. With a jet coater, the fluid canier bridge or jet 

s 62 can be created horizontally or vertically upward. Jet coaters have been used in 

the coating industry to apply only siiigl~ layers am.cl ~ore commonly to apply a 

flooding of coadng tC> a web before metering by a roll. gap or a blacle of a blade 

coater as is Shown in the "Black Clawson Convening Machi~ and Systems" 

brochure #23-CM, p. 4, by the Black Clawson Company of}llew York, New 
. .· :. . . .. 

10 York. Jet coaters have not been used for simultaneous multiple layer application 

of fluids to produce miiltiple layers of fluid on a web. 

Jet coaters, described in copending U.S. Patent Application Serial 
. . . 

No. 08/382.963, entitled ;'Multiple Layer Coating Method," are distinguished 

from slot or extrusion coaters in the follo\\'ing wa;s. First, in jet coaters. the gap 
.. . . ·. . . 

15 between the coater lips aDd the web is usually greater than ten times the thickness 

of the fluid layer applied to the we·b. The second difference is illustrated by 

comparing the. die 60 of Figure 2 with the die 80 of Figure_ 3. Figure 3 shows 

how fluid flows from a slot die when not in close proxin:iity to the web. The slot 

die 80 has an iiltemal geometry and lip geometry that can be used for slot or 

20 extrusion coating. It is usually positioned so that th.e die slot 82 is horizontal. 

Thus. the co&ting fluid 86 issuing from the die slot 82 will flow vertically from 
. : .. , : 

the die lip 84 as shown if the web is ~away from the die. Sometimes, the fluid 
' ' 

will run down the face 85 before bre8Icing free from the die body. With ajet 

coater the fluid will jet from the die lips with a velocity great enough_ to fonn a 

25 fluid sheet with .a top and bottom free surface immediately upon exiting the die 

slot. A distinguishing feature of the jet coating m~od is that it can apply fluid 

to a web at some modest distance from the die lips l'e)ative to the thickness of the 

fluid jet sheet thickness. Importantly the flow is great enough to break free from 

the die lips unaided by any other forces (such as gravity, magnetic, and 

30 electrostatic) and form a free sheet that moves for a measurable distance 

horizontally away from the lips. 

II 
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: To apply ultra-thin coatings with ~Jet coater. a coating fluid is 

metered to the die 60 and flows ftom the slot 70 down the die face 72 and onto 

the carrier. fluid 36 jetting from the slot 64 to fonn a composite layer free jet 62. 

The jet fonns a fluid bridge between the die and the web. The angle of 

s impingement of the jet 62 with the web 32, the carrier fluid flow rate, and the 

web speed are adjusted such that the coating fluid first contacts the web 32 and is 

carried along with the web without entraining a detrimental amount of air 

between the coating fluid and the web and without mixing the coating fluid with 

the carrier fluid. 

10 If 8n ultra-thin coating is performed of a coating fluid that 

spontaneously and rapidly spreads on the free surface of a carrier fluid, the 

apparatus shown in Figure 4 can be used. With this app8f&tus. a flat expanse of 

flowing carrier fluid is created bY pumping carrier fluid 36 to the die cavity 92 of 

a die 90, through the die slot 94, and onto the die face 96. The die face 96 and lip 

ts 98 are designed to cause the carrier fluid 36 to flow under the influence of gravity 

to the die lip 98 from which it falls as a bridg~g curtain 48 onto the web 32. The 
coating fluid 34 is deposited drop by drop or as a continuous stream onto the 

canier fluid 36 surface by a nozzle 100. The rate of flow of the carrier fluid and 

the time of travel to the lip from which the carrier bridges to .the moving web 

20 surface must be sufficient tO acJµeve the 4~ired ~verage. 

Many different devic~ can be used to fonn the composite layer. 

A slide coating ap~ a cunain coating apparatus, an extrusion coating 
apparatus, a slot coating apparatUs, a jet coating apparatus, or a roll coating 

apparatus can be used. Additionally1 the eomposite layer can be deposited on a 

2s transfer surface, such as a roll or a belt, before conta~g the web, as shown in 

Figure 5. The carrier fluid 36 is removed from the transfer ~II 74 and the coating . . . ~ 

fluid is transferred to the web 32 from the transfer rplJ. This is accomplished by 

supporting the web 32 on the roller 76 which forms a nip with the transfer roll 74. 

Some portion of the coating can remain on the roll 14 ~urface after transfer to the 
30 web at the nip between the rolls 76, 74. 

12 
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Another variation of this coating method is shown in Figure 6. 

The composite layer is formed on th~ die 10 and a liqµid curtain 48 is formed 

from the die to a transfer roll 110. A precision gap 1 _12 is maintained between the 

· transfer roll 116 and a web uansport roll 114, .which rotate in opposite directions. 

s The gap 112 is adjusted so that a second liquid curtain fonm. in it while allowing 

all of the cC>mposite lay~ on the transfer roll 1 10 to pass through the gap 112. 

The web 32 is also carried through the gap 112 on the surface of the roll 114, and 

the liquid cunain contacts it so that the coating flliid 34 is interposed between the 

web surface and the canier fluid 36. As the composite layer exits from the gap 

10 11~ a portion of the canier fluid may remain on the surfa~e of the transfer roll 
.. . . 

110. It is removed from the transfer roll swface by a doctor blade 116 and drains 

into the receptacle so. The remaining ponion of the earner fluid 36 stays on the 

coating fluid wet web surface and is ~ved by the ~on of the air doctor 

nozzle 54 draining by gravity into the.rCceptacle 50. 
·.: . :-.-·· 

IS Another version of the apparatus of Figure 6 is shown in Figure 7. 
. . 

The metered layer of cmier fluid 36 is created at a precision orifice 120 between 

the lip 122 of a die 124 and the surface of a transf~ roll 126. The transfer roll 
. . . . 

126 rotates through canier fluid 36, contained by a pan 128, bringing an excess to 

the gap 120. The coating fluid 34 is pumped to the die cavity 12 and exits from 

20 the slot 42 through 8n orifice onto the die face 38. It flows down the lip 122 and 

onto the canier.flujd 36 as it exits the gap 120 to form a flowing composite layer 

130 on the transfer roll 126. A precision gap 132 is maintained between the 

transfer roJI 126 and the web transport roll 134 which rotate in opposite 

25 

directions. The gap 132 is adjusted so that~ liquid cunain .fonns in it while 

allowing all of the composite layer 130 on the transfi=r roll 126 to J>BSS through 

the gap 132. The web 32 is also carried through the gap 132 on the surface of the 

web transport roH 134, and the liquid curtain contacts it so that the coating fluid 

34 is interposed between the web surface and the carrier fluid 36. As the 

composite layer 130 exits from the gap 132. some of the carrier fluid may remain 

30 on the surface of the transfer roll 126 and drain back into the pan 128. The 

remaining carrier fluid stays on the coating fluid wet web surface and is removed 
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by the action of the air doctor nozzle 54 draining• by· gravity into the receptacle 

50. 

11ie coating fluid should have a com~ination of interfacial 

properties and viscosity so that it will not de-wet from the web surface after being 

s spread over the surface during transport throu&h the coating station. Examples of 

coating fluids coatable by this invention are monomers, oligomers, solutions of 

dissolved solids, solid-fluid dispersions, fluid mixtures, and emulsions. Such 

fluids are usetul in producing a wide range of functional coatings on webs 

including release coatings, low adhesion coatings, priming layers. adhesive 

10 coatings responsive to electroDlBglletic radiation or electric or magnetic fields, 

protective coatings, optically ~ve coatings, and chemically active coatings. 

Coatings made by this invention are expected to have utility in manufacturing 

products such as pressure-sensitive adh~ive tapes, photographic films, magnetic 

recording tapes, gas separation membranes, reflective sheeting and signing, 

IS medical dressings, coated ~brasives, printing plates, and films. 

This invention differs from surface expansion methods in that 

surface expansion techniques require an immiscible coatin~ fluid or a fluid 

containing some insoluble components to spontaneously, rapidly spread over a 

near stagnant pool of water to create ultra-thin films of coa~g. The inventor bas 

20 discovered that the coating fluids, both miscible and immiscible, can flow onto 

the surface of a moving carrier fluid as an ultra-~ or ~n film layer. This 

enhances the range of fluid coatings that can be coated ultra-thin. Also, in this 

invention. the entire composite layer forms a flowins liquid bridge and is 

transferred to the web surface; then ~ carrier flliid is removed. 

2s This invention makes possible very high coaW,lg speeds in excess 

of SOO metets per minute. Known expansion ~c~qUC$ are limited to less than 

SO meters per minute, an order qf niagnitude less. With expansion techniques, 

the coating.fluid is deposited onto the web directly ftolil the surface of a liquid 

tank filled with water. This water is a fixed volume, rel~tively stagnant pool. 

30 Contamination of the water with the ~pansion method is always a risk. With 

this invention, the continuous flow of carrier fluid helps avoid this problem. 

14 
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Also, with expansion teclmiques, a solid or near solid ·fiJm must be fonned on the 

water surface· to allow pickup of the coating by the substrate. 

This invention differs from known slide and curtain methods as 

follows. The coating fluid and the cmier fluid flow together to fonn a stable, 

s flowing composite layer with a free fluid-air surface. This layer can 

simultaneously be applied to a moving object by fonning a fluid bridge to the 

object made up of a plurality of distinct layers even when the fluids are not 

miscible. The photographic and graphic arts use ·simultaneous multiple layer 

coating techniques but not carrier layers that are removed at the coating station. 

10 Additionally, the litemture teaches that the fluid solvents in the fonnulation of 

these layers should be miscible. Indeed they are normally the same solvent, 

commonly water. 

The literature teaches that the interfacial tension between the 

layered fluids be very low, preferably zero, and the surface tension of adjacent 

15 layers should be only slightly different. With this invention. the interfacial 

tension between the canier and the coathig is preferred to be as high as possible, 

and the surface tensions are preferred to differ widely to facilitate cmier removal. 

When multiple layer slide or curtain coating is ~ the literature 

teaches that all layers flow in a laminar, streamlined manner to maintain the 

20 layered structure and to avoid mixing the layers. With this invention, the fluids 

can remain unmixed even if the carrier fluid becomes turbulent. 

When multiple layer slid~ curtain, or slot coating methods are 

used, the literature teaches that the ratio ofthiclcness oftop·to-bottom adjacent 

fluid layers be no larger than I 00 to I and no single layer be thinner than 0.1 

2s micron. This invention uses ratios of up to 100,000 to 1 and single layer 

thiclcnesses as thin as 0.005 micron. Known slide, curtain, and slot coating 

methods can not coat a single or multiple layer coating which has a total wet 

thickness of S inicrons or less. This apparatus can produce single layer coatings 

of 0.005 to 100 microns. 

30 Figure 8 shows a coating station having an apparatus for coating 

thin stripes. A coating die 210, similar to that of Figure J, bu a first internal 

15 
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cavity 212.'.'fhe internal cavity 212 is co~to a tank 214 by a precision 
. ' . 
metering pump 216 through a filter 218 and a bubble trap ~O. The die 210 also 

has a second internal cavity 222. The internal cavity 222 is connected to a tank 

224 by a precision metering pump 226 ~a filter 228 and a bubble trap 230. 

s The die 220 also has a third internal cavity 232. The internal cavity 232 is 

connected to a sealed vacuum tank 234 by a precision metering pump 236 

·through a surge tank 227, a filter 228, and a flowmeter 229. A coating station 

includes the die 220 and roller 320. A continuous web 242 passes through the 

coating station and past the die 220 which is moWlted transverse to the web. 
·. . . ., . 

10 A first coating fluid 244 is pmnped at a precisely controlled rate . . . 

from the tank 214 by the precision metering pump 216 through the filter 218 and 

the bubble trap 220 intO the internal cavity 212 of the coating die 220 through a 

feed passageway 330. A second coating fluid 248 is pum~d at a precisely 

controlled rate from the tank 224 by the precision m~g pmnp 226 through the 

15 filter 228 and the bubble trap 230 ~to the internal cavity 222 of the coating die 

220 through a feed passageway 332. Canier fluid 252 is pumped at a controlled 

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 cavity 232 of the 

coating die 220 through a ~eway 334~ Canier 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 c9nnected to a vacuum source which is not 

shown. For ultra-thin coatin~ th~ flow rate of the carrier fluid is much greater 

than that of the coating flujd. 

The internal. cavities 212. 222, 232 distribute the flow of coating 

2s fluids 244, 248, and canier fluid 242 across th~ width of the die 220 and to the 

die faces 256, 258 by respective distribution slots 260, 262, 264. The slot 260 is • . . . f . 

formed between die plates 266 and 268, lbe slot 262. is fonned between die 

plates 268 and 270, and the s.lot 264 is formed between die plates 270 and 272. 

The slot 260 gap is set by a shim 274, ajso shown in figure 9. The 

30 width of the shim 274 eq1,lals the width of the die 220. Its thickness determines 

the slot 260 gap and normally ranges from 0.0127 cm to 0.127 cm. It is 
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configured so its exterior dimensions match the face 276 dimensions of the die 
. .· 

plate 268. ~otches 278, 280 are formed in the shim 274 to produce a slot when 

the shim 274.is sandwiched between the die plates 266, 268. The slot 260 is not 
. . .· .. 

continuom across the width of the die but is interrupted by the unnotched 

s portions 282, 284, 286 of the shim. In this manner, the first coating fluid 244 is 

metered onto the face 288 of the die plate 270 and flows down the face 288 as 

snipes aligned with the openings in the slot 260 which are created by the notches 

278, 280 in the shim 274. 

The slot 262 gap is set by a shim 290, also shown in Figure 10. 

10 The width of the shim 290 equals the width of the die 220. Its thickness 

determines ~e slot 262 gap and normally ranges from 0.0127.cm to 0.127 cm. It 

is configured so its exterior dimensions match the face 292 dimensions of the die 

plate 268. A notch 294 is formed in the shim to produce the slot 262 when lhe 

shim is sandwiched between 1he plates 268, 270. The slot 262 is not continuous 

15 across the width of the die but is interrupted by the unnotched portions 296, 298 

of the shim. In this manner the second coating fluid' 248 is metered onto the face 

288 of the die plate 270 and flows down the face 288 as a stripe aligned with the 
·· .. 

opening in the slot 262 which is created by the notch 294 in the shim 290. 

Altematively, the shims 274, 290 can be replaced by notches 

20 machined directly into a face of the die plate. Various numbers ~ combinations 

of shims and notches can be used to create various sttipe patterns .. 

The die plate 268 is wedged shaped so that the slots 260, 262 

me.rge together at the wedge point 300. The shims 274, 290 are configured to 

produce a stripe of the second coating fluid 248 abutted to the stripes of first 

25 coating fluid 244 on each side of the die.face 288. To connect adjacent stripes, 

the sides 302, 304 of the notch 294 in the shim 290 are aligned with the notch 

sides 306, 308 of the shim 274. The sides 302, 306 are aligned and the sides 304. 

308 are aligned. This physical merging· of the slots at their exits and the 

alignrilent of their edges produees a single layer of stripes 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. 

17 
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··· · '.' The carrier fluid slcit 264 gap is' Set by a shim 31 O. The width of 

the shim 31 o equals the \Jlicith of the die ~o. Its ~ckness determines the slot 

264 gap and oormally raD$es from 0.0127 cm to 0.127 cm. The canier fluid 252 

flows to the die face 258 at the exit of the slot 264. A,t this point, the layer 314 of 

s abutting and flowing liquid stripes flows onto the ~ of the carrier fluid 252 

to form a layered flowing composite of coating fluids 244, 248, and the carrier 

fluid 252. 

The coating fluids 244, 248 flow onto the top of the carrier fluid 
. : ·. ' .. 

252 at the exit of the slot 264, and thCJt flow on top of the carrier ~uid 252, in 

1 o face-to-faee contact, down the inclined die face 258 to the die lip 316. From the 

lip 316, the composite layer film falls in a cUftain 318 under the influence of 

gravity to contact the web 242. Th~ web 242 is mov~ through the coating 

station and past the die 220 so that when the multiple layer curtain 318 contacts 

the web 242 ~ coating fluid is adjacent the web surface -1 is intc1posed 

ts between the web and the carrier fluid. The coating fluids 244, 248 contact the 

web 242. The canier fluid 252 does not. At the point of contact, a composite 

"layer of coating fluid ind canier fluid has been applied to the web. 

The flow rate of the coating 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. Generally, their thicknesses range £rom SO to 20,0<>_0 angstroms •. After 

the composite layer is deposited on the web 242. the web piSSCS around a roller 

320 and the cmier fluid 252 is removed. If the carrier fluid ~2 is water which 

has a low viscOsity and a high surface tension and the coating fluids are organics 

of moderate to high viscosity and low surface tensio~ the ~oval may be 

2S accomplished by simple draining at low web speeds. 
. . ! . • 

Figure 11 shows a ctoss section of the c~ web 242 after 

removal of the canier fluid 252. The second coating fluid 248 is deposited as the 

stripe 322 for the length of the substrate. The first coating fluid 244 is deposited 

as stripes 324; 326 which abut both sides of the stripe 322. The web thickness 
. .•.· . . ., . 

30 will commonly be 10 to 10,000 times thicker than that of the applied coating 

fluids. 
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.·. ,. . .' 

.· V cry surprisil'lgiy, it is n~t necessary that the coating fluids have 

equal viscosities, ~qui! surfaCe tension&, or flow ra~ that arc equal per Unit 
width of the die. If they do'not,,'there is some lateral cross web movement of the 

·.. . -~ 

mating line between the abuui~ stripes on the die faee 288. However, the 

s inventors discoverecl that this is generally mnaUand ~f such a consistent amount 
that one can compensi1te for it by .Kljusting the position of the sides 302, 304, 
306, 308 of the shims. Any lateral movement on the face 288 of the mating line 
results in stripe wi~ on the coated web that do not equal the corresponding slot 
widths in the die. All' of this lateral movement seems'to occur before the coating 

10 fluids flow onto the carrier fluid, and no movemel1t bas been yet detected on the 
.. ' ' 

' 

canier fluid or after coating on the substrate. This unexpected behavior assists . . ... ,; 

the coating of abutting stripes. 
When the adjacent stripes are composed of fluids of different 

physical and chemicai. properties some. diftbsion ·of adjacent fluids into each other 
is may occllr. Beca1Jse ofthi~ there may be some variation or blending in 

properties at the mating .line. This gellerally is limited to 0.1 to S.O mm in the 
. . i 

direction perpeiidicular 'to the mating line and in the plane of the substrate 

surface. 

Many ditrmt die geometries and mechanical systems may be 
20 'used to prodtice a la)'er of coating sim,.;by-sicte abutted stripes on a carrier fluid. 

The coating fluid flowing stripes may be forD'led simultaneously or sequentially. 
Die slots from which.llowing stripes of coating fluid. are f~ may abut 

intenuilly iri ·the die body, at a common exit, or not at all. One or more of the 
coating fluid flowing stripes may be formed by means other than flow through a 

2S slot. The discharge orifices through which .the coatfug fluids flow to form a 
flowing liquid stripe need not have an open shape which is a quadrilateral. 

30 

. . .· . 

Multiple orifices may be used for the formation of any one flowing sM,pe. It also 
may be possible to form the flowing stripes of coating tiuid by depositing them 

mop by drop ditectly on to the surface of the carrier fluid. 

The invention is further illustrated by the following example. 
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. ·· .. b~ the slide curtain coater di~ sJtbwn in Figure 8, an ultrathin 

coating of three si•by-side stripes of~ different formulatfu.ns of silicone 

oligomers, silicone A and silicone B, was produced. The cmier fluid was tap 

water from the municipal water supply with no added surface ·modifying agents. 

s The water was vacuum degassed to nmove air bubbles. Shims.as shown in 

Figures 9 and 10 were used to produce the stripes. The notch in the Figure I 0 

shim was S.08 cm wide While the notches in the Fi~ 9 ·shim were 8. 73 cm 

wide. Both shims~ 0.1S2 nun ~ck. 
Silieone A was an oligomer·supplied by the Genera} Electric Corp. 

10 designated 069300 with 3% GE .. yst. Its viscosity_ was 292 centipoise, and its 

surface tension was 21 dyneslcm. Silicone B was a proprietary silicone 

formulation 16MESS with.5% RS2S22 ca1alyst. Its viscosity was lSSO 

centipoise. and its surface tensio~ was 24 dynes/cm. 

Silicone A was supplied at a rate of ().2~9 cm3 /min to the slot 

J s fonned by shim 290 in die 220. ~ilico~ ~ was SUPJ?liect at a rate of 0.796 

cm3/min to the slot fonned by shim 274 in die 220. Water carrier fluid was 

supplied to the die at 3000 ~3 /min through a die slot 25 cm wide in the diiection 
. . ' . 

20 

transverse to the web. The coating slot for the carrier fluid (water) slot gap was 

0. 76 mm. A web 15.2 cm wide was past by the die at a speed of 25 .cm/sec. 

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 of silicone B was applied 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 SO cm/sec coating thicknesses of silicone A on 

2S the substrate of3200, and 1600 A were obtained respectively. The silicone B 

coating thicknesses were 3000 and 1500 A. The mating zone width where the 

formulations diftbsed together was judged to be less than 0.2 mm wide. At 

coating speeds of 25 cm/sec this mating line was not straight but wavered back 

and forth about O.S mm. At SO cmfsec the mating line was unwavering running 

30 straight down the web on both sides of polymer stripe A. 

20 
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Both formulations were cured with UV light after coating and after 

the carrier fluid removal. This produced coatings of solid silicone polymers on 

the web.· These formulatio~ produce low adhesion when a pressure sensitive 

tape is laminatM to surfaces coated with them. Furthermore, the value for the 

s adhesion is markedly different for these two ·fo~uladons. Using this property 

difference I tested the partitiomng of coatings A and B on the coated and cured 

web. The center.Suipe of polymer A produced uniform and di~y lower 

release values than the stripes of B on either side of it. The release of the B stripes 
,· 

was uniform and even. Nowhere along the mating line of the stripe was there any 

1 o laek of release indicating complete abutting of the stripes. The chBnge in release 

value changed abruptly at the mating line. 

Many variations of the described systems can be used. For 

example, the flowing layer of carrier ftuid need not be formed flowing from a slot 

·or a die. It can be fanned fiom the flow over a weir or an OJ?CD trough. Also, the 

1s composite layer need not be fonned on the die. The coating fluid can be 

deposited on the carrier fluid after it leaves the die lip •. Also, a multiple layer 

carrier fluid and a multiple layer coating fluid can be used .. A multiple layer 

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

systems need not use a die at all. For example, a fluid trough which terminates in 

20 an overflow weir to create a curtain can be used. The coating fluid is placed on 

the surface of the earner tluid before a curtain is formed. 
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CLAIMS 

1. A method of coating a substrate 32 With a layer comprising 

the steps of: 

moving the substrate 32 along a path through a coating station; 

forming a plurality of separate flowing stripes of at least first and 

second coating fluids 244, 248 having different formulations; 

flowing the coating fluids into side-hr-side abutting contact to 

form a single Bowin& layer of side•by-sidc stripes without functional mixing 

to betWeen adjacent stripes; 

forming a composite layer 48 cOinprisiQg the plurality of coating 

fluids 244~ 248 and at least one carrier fluid 2S2 having a difft:rent formulation 

from the those of the first and second ~ fluids; 

Bowing the composite layer 48 at a rate tbat is sufficient to form a 

1 s continuous flowing fluid bridge of composite layer to the substrate for the coating 

width, wherein the carrier fluid 252 portion of the composite layer is continuous; 

contacting the sub*8te 32 with the flowing composite Jayer 48 to 

interpose the coating layer between the sut>strate and the canier fluid; and 

nmovina carrier fluid 252 while le~ving the coating fluid 

20 deposited on the substrate as a coating layer. 

2. The m~d of claim I Wherem'theflowing step comprises 

flowing the composite layer 48 at a rate that is sufficiently high to form a 

continuous tloWing fluid bridge of composite layer to the substrate for the coating 

25 width without being sufficiently high to form a continuous flowing fluid bridge of 

only the coating Buid. 

3. · The method of any of claims 1 and 2 wherein the removing 

canier fluid 252 step comprises at l~t one of mechanical doctoring. draining by 

30 gravity, centrifugal removal, blowing, absorptjon by contacting with an 
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absorptive solid material, squeegeeing, suctioning off, and pulling off by 

magnetic attraction. 

4. The method of any of claims l, 2, and 3 Wherein the 

s coating deposited on the substrate has a tbickneSs that is less than 50 microns. 

JO 

S. The method of any of claims 1, 2, 3, and 4 wherein the 

moving step comprises moving the substrate 32 through the coating station at 

speeds ranging from 1 to 2000 mlmilmte. 

6. The method of claim I wherein the forming a composite 

layer step comprises continuously metering the respective fluids through 

respective orifices. and wherein the fonning a plurality of separate flowing stripes 

of coating fluids step·comprises flowing the stripes through respective die cavities 

15 212, 222 which have complementary distribution slot widths that create the 

corresponding stripes. 

7. The method of claim l further ~prising the steps of: 

depositing the composite layer 48 onto a transfer 110 surface 

20 before the contacting the substrate step; 

25 

removing the carrier fluid 252 from the transfer surface; and 

transferring some portion of the coating fluid 244, 248 to the 

substrate J2 from the transfer surface after both the transfer surface depositing 

step and the carrier fluid removing step. 

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 canier fluid 252 that is not miscible with the coating, that haS a lower 

viscosity than the coating, and that has swface tension greater than the coating. 

23 
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I 0. The method of claim 1 wherein the removing carrier fluid 

252 step comprises removing at least ten percent_ 0f~ carrier fluid while leaving 
- . 

the layer of side-by-side coating stripes deposited on the substrate. 

11. The method of claim l wherein the removing the carrier 

fluid 252 step comprises removing the carrier fluid without drying the carrier 

fluid. 

10 12. The metho~ of claim 1 Wherein the removing the carrier 

15 

fluid 252 step comprises removing the carrier fluid after solidifying or gelling of 

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

fluid. 

13. The method of claim 1 further comprising the step of 

depositing on the substrate 32 the plurality of s~ flowing stripes of coating 

fluids at wet calipers ranging from 25 through 10000 angstroms. 

14. The method of claim l wherein the forming a composite 

20 layer 48 Step comprises using carrier fluid that is -immiscible with the coating 

fluids with which it fonns an interface and wherein the carrier fluid has wetting 

properties that cause it to not remain· as a continuous fiiin covering the surface of 

the first and second coating fluid-coated substrate. 

25 l 5. An apparatus for coating a substrate 32 with an ultra-thin 

layer comprising: 

means for bringing together at Iea:st first and second separate 

coating- fluids 244, 248 having clitr~t ftmnulations, which are in side-by-side 

abutting contaet and which can form a single flowing layer of side-by-side stripes 

30 without functional mixing between adjacent stripes; 

24 
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means for depositing the plurality of coating fluids 244, 248 onto a 
. . . .: . 

carrier fluid 2S2 having a different fonnulation from the those of the first and 
. . 

second coating fluids to create a plmality of flowing ia)rers of fluid in face-to-face 

contact with each other to fonn a composite layer 48; 

s means for moving the substrate 32 at a spaced distance from the 

means for bringing ~ether to permit the composite layer 48 to fonn a 
·. . . 

continuous flowing flllid bridge to the substrate for a desired coating width and to 

deposit the coating layer on the substrate; and 

means for removing canier fluid 252 while leaving the coating 

10 fluids deposited on the. Substrate as a coating layer. 

16. The a)>paratus of claim 1 S wherein the means for bringing 

together comprises a die 210 having a face 258, a slot communicating between 

the cavity 232 and the face, and a lip 316, wherein the canier fluid 252 exits :from 

1 s 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 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 coating tluid die distribution slot, wherein the shim thickness 

determines a first coating fluid die distribution sJot 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 fluid tlowing 
' . 

through the first coating die distribution slot is metered out of the die and flows 

30 as a stripe. 

I 11111111111111111111111111111 
* C L M S * 

• 



WO "'24088 PCl'/11St5/1610& 

:-·· l8. The apparatus of claim i~'"herein a shim 290 is located in 

a second coating fluid die distribution slot and wherein each shim comprises at 

least one .notch 294 and at least one unnotched portion 296, wherein the notch 

produces a slot when the shim is located in the second coating fluid die 

s distribution slot, and wherein the slot is not continuous across the width of the die 

and is interrupted by the unnotcbed portion, wherein the coating fluid flowing 

through the second coating fluid distribution slot is metered out of the die and 

flows as a stripe, and wherein the notch in the shim in the first coating fluid die 

distribution slot corresponds, in a downweb direction, to the unnotched portion in 

10 the shim in the second coating fluid die distribution slot to produce a single 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 fonned of 

~ die plates 266, 268, 270, 272 with two adjacent die plates defining an 

15 distribution slot, and whereiil 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 point of the wedge. 
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