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PCT/ US%/\&Béé/? (%ENSI ON ASCENSI ON KNI FE COATI NG METHOD 5 e
pr esent * relates to knife coating nmethods of appl yf’ﬁ@’%ﬁ"t’%gs to
webs. More particularly, the present invention rates to inproved knife
coating nethods for vi-scoelastic |iquids. BACKGROUND OF THE | NVENTI ON 10
Coating is the process of replacing the gas contacting a substrate, usually
a sol i d surface subst r ajyensHhNASCENSION RNIFE\COATRVG MBTHOD | qui d.
Sonmetinmes nmultiple layers of a coating are applied on top of each other.
O'ten the substrate is in the formof a |ong continuous sheet, such as a
web, wound intQ_ a -ll' are plastic film woven or non-woven
fabric, or papeeaass 2 e b typl cal | y 15 involves unw nding the roll,

appl yi ng tRe Ilqiu d M e %mahhg,,{m@fh m and

rewi nding the coated web I After deposi tion of a coating, it can

remain liquid Mgmmnmpmwy;mpmmonmm improvedk al coi |
processi ng or when app chenj cal react.ants to activate or chenically
transform a sJ@decas g%t%fm ﬁ%@y the 20 coating can be dried
if it contains a vol atlle |l iquid, or can be cured or otherwi se treated to

| eave behind a SO|Id Iayer Exanpl es i ncl ude paints, varnishes, adhesives,
phot ochemi cal K¢ B OF THEE EINVENTIONdi a.  Met hods of appl yi ng coati ngs

to webs are dlcussedln Oo,hen E. D a toff .., Modern Coating and
Dryi ng Ted@nol ogy, VCH Fcftingisthe progess nfd ntacnnsaw%mte,

usually a solid surface substrate, with a layer of fluid, such as a liquid. Sometimes
multiple layers of a coating are applied on top of each other. Often the substrate is
in the form of a long continuous sheet, such as a web, wound into a roll. Examples
are plastic film, woven or non-woven fabric, or paper. Coating a web typically
15  involves unwinding the roll, applying the liquid layer to the roll, solidifying the
liquid layer, and rewinding the coated web into a roll.
After deposition of a coating, it can remain liquid such as when

applying lubricating oil to metal in metal coil processing or when applying chemical
reactants to activate or chemically transform a substrate surface. Alternatively, the
20 coating can be dried if it contains a volatile liquid, or can be cured or otherwise
treated to leave behind a solid layer. Examples include paints, varnishes, adhesives,
photochemicals, and magnetic recording media.
Methods of applying coatings to webs are discussed in Cohen, E. D.
and Gutoff, E. B., Modern Coating and Drying Technology, VCH Publishers, New
25 York 1992 and Satas, D., Web Processing and Converting Technology and
' Equipment, Van Vortstrand Reinhold Publishing Co., New York 1984, and include
knife coaters.
Knife coating involves passing the liquid between a stationary solid
member, a knife, and the web so that the clearance between the knife and the web is
30 less than twice the thickness of the applied liquid layer. The liquid is sheared
between the web and the knife, and the thickness of the layer depends to a great
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25 York 1992 and Satas, D., Web Processing and Converting Technol ogy and
Equi prment, Van Vort st rand Rei nhol d Publishing Co., New York 1984, and

i ncl ude™M@96/13060at ers. Knife coat i ng invol ves paSS| ng t h®CTrupes/th7eet ween a /
stationary solid nenber, a knife, and the vveb so that the clearance between:
the knife and the web is 30 ‘less than tw ce the thickness of the applied
liquid | ayermm@mthqhwahn@thq@mebmmm“m ronstraintsand t he

e Usos! 107 oY prbYRE NmORk RS s of B o 0BGy o, Thec o

and oper at i ngel efifbe fipported it backsidé by & badlaipirdller y5elithatethb i NOS, free of
waves, ribs, or heavy edges. The web can be supported on its backside by a

backup rol | e dependence mwmmmn@mmvepmmwmm

wih papd émﬁﬁ#?%%%?&%@%@%e%@ pply @

coating di reggdmw diredtlyto aollérg titiich ishbseficakls ‘nsfeds ng to
the web. One feature which %I stingui shes various knife coaters s the way

liquid is intorthemebd to the knifing passage Gavity-fed knife coaters,
shown in 10~ Figure 1oL fafidSdtiltelebiRl BRof Elr RaRlers 0 Bic A 2021 NSt

the web by a hopper.
: liquid is introduced to the knifing passage. Gravuy-fed knife coaters, shown in
10  Figure 1, receive liquid from an open pool comamed-;ag_amstthe web by a hopper. -
Film-fed knife coaters, shown in Figure 2, receive liquid from a layer applied to the
web by other methods, but not yet with the desired thickness, uniformity, or
" smoothness. Any excess material runs off the knife and is collected for recycle. ol
Die-fed knife coaters, shown in Figure 3, receive liquid from a narrow slot which, in
15 conjunction with an upstream manifold; distributes evenly across the web the flow
feeding the knifing passage. The die includes two plates sandwiched together with
~ a shim or a depression in one plate to form the slot passage. "I_‘rough-fed knife
coaters, shown in Figures 4A and 4B, receive liquid from a wide slot, or trough,
" whichis fed by a narrow slot and manifold to provide even flow distribution across
20 the web. The eoatennl'-‘igure 4B overﬂows ontheupweb side ofthecoater The
liquid overflow is recycled. : |
When the liquid to be coated is veryelastlc,kmfe coaters are
susceptible to a flow instability in the upstream region of the coating bead where the
liquid first conitacts the web.’ (The coating bead is the liquid bridge between the
25  applicator and the substrate.) In the upstream region of the coating bead, the liquid
must accelerate from nearly zero speed to the speed of the moving web in a distance
that is approximately equal to the clearance between the upstream side of the knife
coater and the moving web. This accelerating flow subjects the liquid to high
extension rates. Very elastic liquids exhibit a viscosity.in extension (irrotational
30 flow) which is much higher at high rates of extension than the viscosity in shear
(rotational flow) at high rates of shear. The disparity between the extensional
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Filmfed knife coaters, shown in Figure 2, receive liquid froma |ayer

applied to_the web by ot her nethods, but not yet wwth the desired
t ckness,“{ﬂ"ﬁ‘fla ity, or snoothness. Any excess naterial rB(IUEOHEKL
knife and is collected for recycle. Die-fed knife coaters, shown in Figure

3, receive liquid from.a nglgrow sl ot which, in 15... copjunction wth an

upst r eam nani f OAYPOSitY and the sheat viscosty drives &,Gow n e upstEsAm TegIon f ¢ he
kni fing passag%wm,gﬂgﬂg?ﬁwlgwwﬁed together with a

shimor a depress o formthe sTot passage. Trough-fed

knife coaters, shown in Fllgsosceptibilityof th&coating pracess tothe flowrinstabilityi de sl ot ,
i stri but] on adREeey T eSS oMM IRiA ARty And P OB Ao,  ho
10"be coated i st PSRRY alal st it d tlltion IRALE il Wil iy 1 ¢
i nstability in uniformpoatingdead e therupstredrh side o binerwhich isisegmented fimthel i qui d
25 " appl | cat orcTaRTEE HEedigs FRAE Motespeth coRisg et iakEraRty R8otBar i ng
gg\??,ngt\r/]\:bl : ﬂu%@@%ﬁg@?@g‘%g%%@ equa ort gﬁ@ ea?gﬁ%g)f the
bet ween the updeadaTheflow instabilite irkthe hipsteeant megionrof théwoating bemyl protuceshi s
I qui ds- exABi 1coRE Q4Fust sy AneleOuied AR, Crimmi o ASo Gkerbo RFmh ch 1 s
U 1 ST 3 il OB GRS il YD S
ext ensi onal diagonally across the web. This flow instability occurs when coating elastic liquids
in gravity-fed, die-fed, and trough-fed knife coaters. It may also occur in film-fed
knife coaters depending on the method of depositing the original film on the web.
15  The instability occurs when elastic liquids are coated in a knife coater in which the
liquid fills a relatively small clearance at the upstream side of the coating bead.
There is & need for a method of operating knife coaters so that very
elastic liquids can be coated at high speeds without inducing the flow instability and
the associated coating defects.
20
SUMMARY OF THE INVENTION
The method of the present invention applies a coating fluid on to a
surface and includes providing relative movement between a coating apparatus and
the surface. Coating fluid is fed directly into a trough and is applied to the surface
25 through the trough opening which extends transversely across the surface. The
thickness of the coating is regulated using a knife. A sufficient distance between the
separation Iine (the intersection line of the coating fluid, the upweb side of the
trough, and the surrounding gas) and the wettihg line (the intersection line of the
coating fluid, the surface to be coated, and the surrounding gas) is maintained to
30 eliminate the upstream coating bead flow instability.
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PCT/ US95/ 10749 viscosity and the shear viscosity drives a flowinstability
‘in the ﬁ’s%‘flé% regi on of the coating bead which causes RGABISPFHT4E coati ng f
defects. The susceptibility of the coating process to the flow instability

I'ncreases with increasing coat ng | i qui d el A ticity and with increasing web
speed. 5  The inst abl'mwt"?“%!ﬂﬂ!-!l aving & ratio pfevdensiondl 1 r om a

spatially aqg E? sﬁéallr W W@uﬁ é‘ﬁﬁm SI de to one
which is seg %8 he"Cr Irection EI‘EI ncr ease in coating

speed or | i qtansverdelysdcrosstayleastatis désived width of thesmtiugy| Tiesdistance between

non-uni form'ties in the upstreamregi on of the coating bead. The_ flow

i nst abi | i tythﬁﬁepﬂ@“%!immmm be greater than|0:-%.em., The sepasation coat i ng

defects gn c&L g%lly, t he defects take the from of
streaks or ' rlented el fallel to the downweb direction or
di agonal 'y across themmmmmmmmmmmmwa

~elastic liquids | n graV| tﬁ-fed die-fed,. ﬁnd t.rough-fed knife coaters. It

may al so oc&antrolieds | inte thegronghiand thesatef of
erhatic 1o b CQ*'PE#. n%wﬁ@%m or i which the 115urd 1ii1e &
relatively small cl earFhediquidegds/herfcetis thesurficéahst conhectsthe sepgationad.
10  line and the wetting line at the upstream coating bead, and can be substantially flat.
Also, the rheological properties of the coating hqmdandtheweb speed can be
selected to vary the rupture distafice of the upstream air-gas interface.
' The method knife-coats elastic liquids without flow instabilities by (
’keeping low the extension rate in the upstream region of the coating bead so that
15  the disparity between the extensional and shear viscosities of the liquid is small,
The extension rate in the upstream region of the coating bead is kept low by
increasing the distance over which the liquid must accelerate. The onset of the flow
* instability can be delayed by insuring that the upstream liquid-sir interfuce of the
coating bead is relatively flat. This is accomplished by. allowmg the elastic fiquid to
20  pull itself over a relatively large distance out of a trough and into the knifing
passage. The liquid ascends into the knifing passage by virtue of liquid tension
developed in the extensional flow in the upstream region of the coating bead.

25 Fxgurellsaschematlcv:ewofaknowng'avuy-fedkmfecoater
| F‘gurez_lsaschemahcvnewofaknownﬁlm-&dkmfecoater.
Figure 3 is a schematic view of a known die-fid knife coater.
Figures 4A and 4B are schematic views of a known trough-fed knife
~ coater. | o -
30 Figure 5 is a schematic side view of a cross flow knife coater.
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There is a need for a nethod of operating knife coaters so that very

el astic I?' mgﬁ an be coated at high speeds w thout i nduci w
instabilitly a he associ ated coating defects. 20 SUMVARY@%%IHQ%ENTI ON
The nethod ofthe present invention applies a coating fluid on to a surface
and includes providing r %EWEI@E"Q{’ g g #HeUs and
the surface. Coating fl ﬁﬂ"’%@?ﬁ%@%‘f’y I nt rog}dnsgan Bﬁg?aﬁpl led to

the surface 2%ensidndstéisiohkaife cedta) openi ng which extends transversely
across the surface. The thickness of the coating is regulated using a

knife. A sufficient distance between the separation line (the intersection
line of the cQ4 pweb side of the trough, and the
surroundi ng gas? -1 ine (the intersection |ine of the coating

fluid, thegsurface tO b@&ﬁéﬂtﬁiﬂﬁﬂﬁ&%ﬁdﬁﬂaﬁqﬁﬂsﬁmﬁbﬁmﬂwed to
30 eI I m nat e the upst ream coating bead flow instability. WO 96/11069

PCT/ US95/ 1074 $nstibility inthe mpstrean reginarofithe eosting head. When;telativelyimelagtia ratio of

peni ng Can oSSR e ot 6 porkd Bt Yy A S ety ke T B, 1.

coating. The GispibRity fs db8éntRRM the upstream liquid-air interface of the coating bead is
spatially and temporally uniform. However, when either the elasticity of the liquid

10  or the web speed increases, the flow in the upstream region of the coating bead may
become unstable.

The crossflow knife coater, shown in Figure 5 and disclosed in U.S.
Patent Application Serial No. 08/193,425, filed on February 8, 1994, is a trough-fed
knife coater where the trough is fed from one of its ends. This manner of feeding,

15  in conjunction with the motion of the web surface, creates a spiral flow along the
width of the trough.

Although liquid elasticity can manifest itself in several forms, the
active form in this flow instability is an enhanced extensional viscosity. The
extensional viscosity is exhibited by the liquid in a purely stretching (irrotational)

20 flow, in contrast to the shear viscosity exhibited in a shear (rotational) flow. Elastic
liquids have an extensional viscosity which is comparable to their shear viscosity at
low deformation rates. (Usually the extensional viscosity is 3-4 times the shear
viscosity at low rates.) At higher rates of deformation, the extensional viscosity of
elastic liquids usually increases (sometimes dramatically) while the shear viscosity

25 either remains constant or decreases. The ratio of the extensional viscosity to the
shear viscosity (sometimes referred to as Trouton's ratio) is a good indicator for
determining whether a coating liquid is susceptible to.the flow instability in the
upstream region of the coating bead of & conventional knife coater. If Trouton's
ratio is greater than ten in the range of deformation rates between 1 and 1000 sec™,

30 then it may exhibit the upstream coating bead flow instability in conventional knife
coaters.




the separation line and the wetting line can be greater than 0.5 cm The
separ at | ine can be | ocated bel ow the knifing. passa tance -
bet V\eenwye‘?gh%r ation line and the wetting l'ine can be WA‘%&F@)& _
controlling the rate of liquid inflowinto the trough and the rate of :
l'iquid outflow through,the.knif a - It e is the
surface .t hat connects W@X @F%Bﬁglwgéﬁcﬁﬁ @?yilﬁgmﬁsléé] at the
upstream coa,?.‘haﬁgg.ﬁg theéxtéiionaldhd 3hédr viscysify ofthe I at th8e rheol ogi cal
properties o coatin qui d and the web speed can e sel ect d to vary
the rupture dbfemmuonmesgwm uypstream regien of:the co -

ext ensi o 1 dEEHEAR SO gt TR f'&“%ﬁ%‘a&%@% 'OWEEZ

di spari t y5 belyEaion! ﬁ%%ﬁkﬂﬁoﬁﬂdgﬁ%&b%wwﬁodﬁs liquidis

smal . The extension rate in the upstream region of the coati ng bead is
kept | ow by mensmal-dganhmoditysdwmt)'o extension nates in thgwpstreaps regioncaf| er at e.

The onset ofthe flowstabl | i t¥ cs&q@gﬁﬁ gxﬁgggﬁ?elﬁf%?’?%lwa ﬁ‘g '
Egsggggwp: : g@edt&medmmdemﬁd sﬂséoftmhhfeuebwfn overTh:aS

relatively |arge distance out of a trou and | nt(‘)l t he kg‘lifl .ng passage. The

liquid ascenﬂnwomtyaﬂmmatmgbgaqaeﬁwgb
boad. _BRI%F TERERFRAREER I2He tlqanFen 'm”ﬁesf‘i%"&‘d Pl B B0gio 0 197 1
schemati c Vi gyifiiied WeB¥pLeds'saet 490.5 alsce T 0CRmGHY, elearances ofthls magnitude
| createextenslonratesmtherangeofSOOtdsooom !
' The present invention method operates a knife coater to prevent the . (
occurrence of the upstream coatmg bead flow mstablhty Thls is accomplished by
15 msunngthatthecoannghqmdcanextendoveramuchlargadnstance, and thus,
experience much lower extension rates in the upstream region of the coating bead.
Preferably, the acceleration distance in the upstream region of the coating bead _
ranges from 0.5 to 127cm(02t05 in). Atwebspwdsofos m/sec (lOOﬁImm),
the increased distance for mensxon,would lower the extension rates experienced by
20 the liquid by two orders of magnitude to the range of 4 to 40 sec-1. The reduction
in extension rates greatly reduces the disparity between the extensional and shear
viscosity of the liquid in the upstream region_ot_‘-t_hg.goating_ bead. . In addition, the
path of the upstream liquid-air interface of the coating bead is flattened, which aids |
in the elimination of the upstream coating bead flow instability. _
25 " Figure 6 shows a coster which uses the tension ascension knife
coating method. As shown, the surface to be coated is 8 web 12 passing around a
backup roller 14 which can be deformsble. Alternatively, coatings can be
transferred to the substrateusmgmtermedlatecomponeutsmchastransferrollm
Other fluids also canbecoatedandthewbsmtecanbeooatedmaﬁ'eespan
30 ‘The coater l_ncludeg.a trough ls.h__avmg an opening 26 which extends
transversely across at least the desired width of the coating, The web 12 moves
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Figure 2 is a schematic view of a known filmfed knife coater. Figure 3 is

g schematy,g y,'i of a known die-fed knife coater. Figures ar e
schemati c v?eml/?\e%f a known trough-fed knife coater. 30 éérf%ggm‘}ﬁ” Fi gure

5is a schematic side view of a cross flow knife coater. -4- . WD 96/11069

PCT/ US95/ 10749 Fi -6, i ' ' ' Dardd al vy i section
of the tensi oftreusing coing R 4BSH e Rl ol HE Thetpalie & cafince
Conventional {étiveén theaweb IR fid the dowhweb side/bfithe trdugh 15 &the khifink passage, oW
instability in the upstreamregjon of the coating bead. \Wen relatively

i nelastic i qmbeﬂvgc’éﬂmmhqwﬂ@%tqméh%%ﬂMeﬁmmspeed i s

(nberf ace of WRSHEGHAFhE e chlod Rl Blby O he i L5 STl e | o,

when eithes tSparitéebinentiatachied!ttthe troughowdlD20 ofit ciriibe aviifisre of the wall. eases,

the flowin the upstreamr ﬂl on of the coating bead nay_becone unstabl e.

The crossf | owTheknife 28canche \rved, eangaye, or,convex.JThekmife 2§ ar the backup
roller 14 can be flexible, with the gap between the knife 28 and the web 12 being

sustained by hydrodynamic pressure. _
The trough 15 has an opposing, upweb wall 46, The separation line

10 48 (which is the intersection line of the coating liquid, the upweb wall 46 of the
trough 15, and the surrounding air (or other gas) is located on the upweb wall 46 of
the trough 15. The upstream liquid-air interface 50 is the surface that connects the
separation line 48 with the wetting line 52 located at the first contact of the liquid
with the moving web 12. (The wetting line is the intersection line of the coating

15 liquid, the web 12, and the surrounding air.) The upstream region of the coating
bead is the region in the immediate vicinity of the upstream liquid-air interface 50.
Coating liquid is fed into the trough by a pump by means such as through a
manifold having a slot and a cavity, a single feedport or multiple feedports.

Operation of this tension ascension knife coater includes maintaining

20 alarge enough distance between the intersection lines 48, 52 that upstream coating
bead flow instability does not occur. This distance is ordinarily greater than 0.5 cm
(0.2 in). The distance between the lines 48 and 52 is controlled by the rate of liquid
inflow into the trough and the rate of liguid outflow through the-knifing passage.
Maintaining the liquid inflow at a lower value than the liquid outflow from the

25 trough lowers the liquid level in the trough and increases the distance between the
intersection lines 48 and 52. When this distance is large enough that the upstream
coating bead flow instability does not occur, the liquid level in the trough and the
distance between the intersection lines 48 and 52 can be held constant by
maintaining the liquid inflow and outflow substantially equal.

30 Operating the knife coater with a relatively long upstream air-liquid
interface insures that the extension rates which the liquid experiences in the
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Pat ent Application Serial No. 08/193,425, filed on February 8, 1994, is a
t rough- f%,&&ﬁ coater where the trough is fed fromone of its ends. This
manner in conjunction with the notion of PREURRHITH f ace,
creates a spiral flow al ong t he W|dth of the trough. Although l'i quid '

el asticity can manlfes eI.-f .i'n era ﬁor the activ rmin this
fIOW|nstab|I \’F’E’C ngﬂ%t PBnal

viscosity 'SMIL% wwdwlwﬁamﬁdmﬁwofwmﬂlonal)
20 flow, in contrast to he shear vi scosMé exhibited in a shear

(rotatlglnalz mnmpsmeaﬁnmmon SAtiAg be: ?ﬁheup?tmmco&lm:lch |”s]
co ar apl e Ir.s LV 0Si a ow Lon ra ua e
ex{rgnsmnal Mﬁ maﬂéﬁ? \"'PH@"%&’%%&% dﬂm&ﬂv tes. )yAt

hi gher rakes JgHitide| e Wpitréabh liuikai® mmw%&am&mw ds

usual l y increases (sorretl mes dramatically) while the shear viscosity 25
ei t her  r emai ipsotection from the upstrean oating bead flow: instability: %e&quﬂmnmmtm

e oot | 1o B Ryl Bperen it R imeBiee &veﬁwfw%p Fapton SRR oBeS o b 2
to the flow i fieléxten¥iohsl profertiddifichtié HQHAPWILR fra dimafowmof a

conventional knife coater. 'If Trouton's ratio is greater than ten in the

range of def domaublmewﬂuﬂnwmbemmﬂymmwewpm may

g)c()gltglrts tBe %ﬁ%ﬁl%&%&%?ﬁe ‘;glho‘\,/i/’ NSt bldl ltﬁﬁﬂgn conv%ntdleonal knife

movement of the web. Theexcesshqmdtsretumedtothetroughbythelmnﬁng
passage. . .

If the distance -b‘etween'the intersection'lin,es 48 and 52 is too large, (
the upstream liquid-air interface 50 will-mpm'reandcontinuouscoatingofthe '

15  moving web 12 will cease. ’l‘hempmredlstanceatwh:chmptureoftheupstream_ :
air-liquid interface occurs depends onseveralcondnuons including the rheological
properties of the coating liquid and the web speed. Larger rupture distances are
observed with coating liquids that have more elastic rheological properties (larger
extensional viscosity). Also, the rupture distance generally increases linearly with

20 increasing web speed. Coaunghqmdsmthveryhtﬂeelashcnatmehavevexysmall
mpturednstanees(lessthanOSem)

Vanouschangesandmodnﬁcatnonscanbemademthemvexman
_ withomdeparnngﬁ'om-thescopeorsplmofﬂwmventlon. For example, when the
wébisooatedinaﬁeguﬁmppoﬁed,span,theclwamebetwemthetroughmd

25 thewebaresustmnedbyhydmdynamxcpresme,whlchbalancesthepramreﬁom
the deflection of the tensioned web. '
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PCT/U895/ ﬁscordi ngly, the d fIOW|nstab|I|ty S

dri ven by 'Sparity between }@,;gé@@WImEm shear FFIEESME4BE the
liquid at the deformation rates fhat gfmpuncEm®nt in t he upstreamregion -of

the coating b cenventi onal orev
of the flow i m ity, the' 5 extension rat es in theﬂ'ﬂm ﬂgm {mye
s par

bead nust be reduced to reduce the extensional-shear visc¢osFtyt

The extension rates in the upstreamregi on of the coating bead are

approxi mately equal to dhe rmethod of applying 8 epatingfluid e toasunfapeido to t he
cl earance between.the web and the upstream side of the knife coater in the
vicinity of tﬁ%mem'ng bead. Gravity-fed, die-fed, and trough-fed knife

coaters 105 feature upspigddih M&ﬁeﬁi&%ﬁﬁﬂ%wé@ﬁn@@oﬂtﬁh@n?p&ﬁuﬁ
m(0.004 to 0.040 in). At nodest web speeds such as O sec (100 ft/m n),

cl ear ances of surfiice lﬁ‘agnitude Ccreate extension rates in the range of 500 to

5000 sec[err]. The present J nyent | ﬁ&'g opeg at ater.to
prevent the occurrence %ﬁp@ﬁ% 93 gf ?m Thi s
is acconpli shg@%&mgw&e@%ﬁﬂ@m ng |iqui d can ext end over a

much | arger distance, and thus, experience nuch | ower extension rates in

the upstream region of féedingshe conting Suid directly inteithetroughd Saccel erat i on
di stance in the upstreamregio he ¢ i ng,.bead..r s fr 05to 12.7
e (005t 1’5 1y “Pac " verpeafiiing Enethickmiss oF s, chfeininie b fie surfich ving
knife 28; and
maintaining a sufficient distance between the separation line and the
wetting line to eliminate the presence of the upstream coating bead flow instability.

15 2, The method of claim 1 wherein the feeding step comprises
" feeding coating fluid which exhibits the upstream coating bead flow instability in
conventional trough-fed knife coaters directly into the trough 15.

3. The method of claim 1 wherein the applying step comprises
20  applying the coating fluid to the surface through a trough opening 26 which extends
transversely across at least the desired width of the coating.

4. The method of claim 1 wherein the distance between the
separation line 48 and the wetting line 52 is greater than 0.5 cm.
25
5. The method of claim 1 wherein the coating fluid is an elastic
liquid having a ratio of extensional viscosity to shear viscosity greater than 10.

6. The method of claim 1 wherein the separation line 48 is
30 located below the knifing passage.

9. This Sheet Has Been Re; ﬂ
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the increased dista xtensi on woul d | ower the extension rates
experie 44 | JUF ytwe. orders of magnitude to the range of 4
to 40 sg‘gfgq/ﬂ‘” The el T 0N d Bion rates great|y RCERRISI0OMY
di sparity between the extensry -an hear V|sc03|ty of the liquid in the

upstream regi on of the coat] . I tion, h of e upstream
liquid-air interface of- t heTRGR ?3‘4}? HE ids in the

Ie:! ij gatél ghogn&hﬁg%rﬁ&cﬁﬂases tﬁﬁﬂ'&é{r‘?ﬁ‘. on ascenamﬁ% c%ti ng

met hod. As sihewste of liquid infloscintd the trough and:theirateaf iquiid batflowe throyghetheund a
“backup roller 14 which can be deformable. Alternatively, coatings can be

transferred strate using internedi ate conponents such as transfer
rollers. her fluids also can be coated and the substrate can be coated in
a free span. 30 The coater includes a trough 15 having an

openl ng 26 whi ch ext ensls t r Themethod lof claim d wherein thedigghid-ges intesfacedsithei dt h
g&?ﬁsggfalo? ﬁ%\/\eb = %?’Hﬂ V\ﬁéﬂg%jaégﬁw;g@ﬂww*ﬁ?e regl on
the ki ?Rge%‘ﬁ*?s?‘g‘%? b Bl e g | .Sé,ﬂ.ed"i ove to formthe.
coating. A knife 28 regul ates the thickness of the coating liquid applied
on the. vveb 12. The knlfe 28 etlilodofclalmlﬁxrtherco the step of

selecting the rheological properties of the coating liquid and the web speed to vary

the rupture distance of the upstream air-gas interface.
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separate el enent attached to the trough wall 20 or it can be a surface

Ej the wall. The knife 28 can be planar, curved, concave, P, é? .o THE

nife 28 B’P’t‘sﬂé“‘aackup roller 14 can be'{) exi ble, with the ﬁ@gg en the
knife 28 and the web 12 bei ng sustai ned by hydrodynam c pressure. The
trough 15 has an opposing, upweb wall 46. The separation |line 10 48
(which is the intersectjion line ofthe coating liquid, the upweb wall 46 of
t he trough 15, and the |surroundi ot her gas) is |ocated on the
upweb wal |l 46 of the trljough 15. liquid-air interface 50 is the
surface that connects e separatlon line 48 W i ngi ne 52

|ocated at thegii-+st—eentaet—ef the JIANid wit oD 12. (The
wetting line i NG 3 on i ﬁ i |qU|d t he web
ﬁ“;‘ng;aET‘L‘ he upst+tam reg on g e coating bead is

12, and the surro
the region in the iNRgedate—~v+§nity of the Sl & iquid-air interface
50. Coating |iquid is\Nped=i i

N L= nmeans such as
t hrough a nmani fol d havi 2 i eedport or
mul tiple feedports. querat*~ //SIOH ascensi on kn\f e coater
i ncl udes mai ntaining 20 3 ge eno Q intersection
| ines 48, 52 that upstrean1co \ / Ny does\not occur
This distance is ordinarily grea The Yi st ance
between the lines 48 and 52 is conkypl | ed liquidq inflowinto

ssage.
out fl ow from
es the

Mai ntaining the liquid inflow at a Ijower | ue
the 25 trough lowers the liquid leval in tRe troUg
di stance between the

the liquid
and i ncrea
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intersection lines 48 and 52. When this distance is |arge enough that the
upstream coating bead flow instability does not occur, the liquid level in
tthe troudMO&6106%e di st ance between the intersection |inesPGBUSHHI04 can be
hel d constant by maintaining the liquid i443ow and outfl ow substantially
equal . 30 - Operating the knife Cog er with a relatively |ong
upstreamair-liquid interface insures tha extensi on rates which the
| i qui d experiences in the -7- WO 96/ 2806

PCT/ US95/ 10749 upstream regi on of tat| ng beqd are snaller than those

of known knife coaters. As a res the di sparityNQet ween the shear and
extensi onal viscosities of the i

idin the upstrealregion of the coating
bead is dimnished and the ups } \

acconpanyi hg coating defects ./ i nj . add\tion, the upstream
liquid-air interface | el a [

prot ection from i nd beadA+~ow i nstabiliYy. The |iquid can
mai ntain a | ong land ai gh i uidinterfaebythe

i nteraction of t W from Ahe exNawbional propefties of elastic

liquids with gra nsile forces enabl g the coating |iquid
to be continuously fscended ad of 10 Avi t ati onal forces

fromthe trough opeping into t A

Fig. 3 SN~

Fig. 4A .
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novenent of the web. The excess liquid is returned to the trough by the
kni fing éﬁgq%?lf the di stance between the intersection lines 48 and 52
i's too |§ﬁg ; e upstreamliquid-air interface 50 will r S0y
continuous coating of the 15 movi ng web3¥3 will cease. The rupture
di stance at which rupture of the upstreamair-liquid interface occurs
depends on several conditions including the rheol ogical properties of the
coating liquid and the web speed. Larger rupture di stances are observed
with coating |iquids that have nore el astic rheol ogical properties (larger
ext ensi onal vi scosy£Yy > ';H"- di stance generally increases
linearly with 20 b ‘,;;aﬂﬂpea Lo |iguids with very little
el astic nature hW ,/./ {Mf"«’}}' 5 ¢cn.
4@%@%@«“‘ wi t hout
‘\"!-‘\‘xnn‘*-im‘au-‘l“f" O exarrpl e, when the
P bet ween t he
pssure, which
ped web. - 9-

departing fromthe scope
web is coated in a free,
trough and 25 the web are sus’ﬂ
bal ances t he pressure fron1the;f
CLAI M5 /]
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» PCT/US 95/10749 CEATENiecres e October 4,

1. MIWTWIMN ! coating f lauizd- Orrtﬂo,,a surface (12) usin & 1596
: 7 ing a Biadgh (15).grd=a; knife (28), the5

rel ati ve novenent bet ween the ctoating——-—--

appar at us gng the'surface (42); applyi ng‘thge “coating fI m ”ﬁﬁﬂﬂrface

(12) throuph| a3tt WAG8fen)i g (26) which extends trans

coati ai nst t he #pulc
gravitatiohal force; t he coating% directly into the trough
(15); regulating the.thickaess of the coating applied on the surface using

a knife (28); and maint aj ni NngaansHbd bEL §,mgl Wﬂmt g @rf&c%pﬁﬁf‘t'on

line (48), 15 IS the Intersec coa fluid,
the up b wal | ‘(SlﬂﬁaHP%E%t%@Hm%&aél%&¥Wdll%% et ti ng
line (32), whi cﬂneahsdtcbmpn@mgr secti on line of the coating fI ui d the surface

(12) to be coated, and th S ndin nat e upstream coating
bead flow instability. 28 % g e Hotient {)etyeent e‘ﬁ?@“’ﬁﬁag R¥and aj m 1

wherei n the feecliesyriatesd2ronpri ses feeding coating fluid which exhibits

upstream coati ng bead f I%O)m:l]%ra do%tlﬁgﬁﬁf@f%tth@%#ac?({ u‘gﬁ‘ﬁ%ﬁ%& tﬂ respect
ce

to time and to the, directl nsverse to e sur
3. The net hoRPeBingc(28) which\gxtands fransversspyoyessdhe susface binaseanding the

coating against the pull of the gravitational force;

feeding the coating fluid directly into the trough (15);

regulating the thickness of the coating applied on the surface using
a knife (28); and

maintaining a sufficient distance between a separation line (48),
which is the intersection line of the coating fluid, the upweb wall (46) of the

* trough, and a surrounding gas, and a wetting line (52), which is the intersection

line of the coating fluid, the surface (12) to be coated, and the surrounding gas,
to eliminate upstream coating bead flow instability.

15

20 2. The method of claim 1 wherein the feeding step comprises

feeding coating fluid which exhibits upstream coating bead flow which is
substantially non-uniform with respect to time and to the direction transverse to
the surface (12).
25 3. The method of claim 1 wherein the applying step comprises
applying the coating fluid to the surface through a trough opening(26}which extends
transversely across at least the desired width of the coating.

4, The method of claim 1 wherein the distance between the
separation line48)and the wetting line(52Jis greater than 0.5 cm.

30

5. The method of claim 1 wherein the coating fluid is an elastic

liquid having a ratio of extensional viscosity to shear viscosity greater than 10.
35

6.  The method of claim 1 wherein the separation line@8}is
located below the knifing passage.
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applyingthe coating fluid to the surface through a “l gﬂm)v\hlch
extends transversely across at |east the desired w dmmuﬁ “ﬂmu“ut
The method of claim 1 wherein the distance between the 30 depdrafion |ine

(48) and the wetting |Iﬂ?(52)mﬁ5ﬁaa%fcmmmrea]n Hsing the'gt@d;fet hod of
claim1 wherein the ceating fluid is an el astlceglqwd haV| ng a ratio of

ext ensi onal vi corlling thedistance betweandbe separatioailio tlm(wetﬁ&gﬁne(S bﬁ'he

i g pass aghbe rae O iquid sy s W fopsh end e et ol e et e o <t cp

of controllingyt. nce between the separation |line(48) and the wetting
t%xehﬂfri%ﬂs 4.

line (52) by liquid inflowinto the trough and the rate of

| i qui d out fgd ow t hrough the knifing passage 5 8. The nethod of claim1
wherein the liquid-gas interface i surfa t .connects the
separation |ine(48) and $he V\R‘t‘iﬂ °11P EIE‘EE} g‘l‘é‘ﬂﬂ‘ A8 interfage s thes

interface is sypstafbl fdnbet i separation line @8 and the wetting line(52)and wherein the
liquid-gas interface is substantially flat.

10 9. The method of claim 1 further comprising the step of
- selecting the rheological properties of the coating liquid and the web speed to vary
the rupture distance of the upstream air-gas interface.
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of selecting

9. The nethod of claim 1 further

sﬁeed to ;/ar ytﬁm%{ fj)grgie(:&'L g‘ﬁ%nce mﬂeﬁ%‘w
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(57) Abstract
To knife-coat elastic liquids

without the presence of flow insta-
bility, the extension rate in the up-
stream region of the coating bead is
kept low by increasing the distance
over which the liquid must acceler-
ate. The onset of the flow instabil-
ity is delayed by insuring that the
upstream liquid-air interface of the
coating bead is relatively long and
flat. This is accomplished by al-
lowing the elastic liguid to pull it-
self over a relatively large distance
out of a trough and into the knif-
ing passage. The liquid is able to
ascend into the knifing passage by
virtue of liquid tension devejoped
by the extensional flow in the up-
stream region of the coating bead.




