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' ~ material onto supporting: webs.
- and similar scrapers or metering contact-type devices for

' range of speeds..

- cleaning and maintenance.
- vide such apparatus that eliminates the necessity for spray
-deflectors and baffles of prior art devices to prevent mist
- and flying particles from eentammatmg the coated area

of the web. A still further object is to prmflde such

. - apparatus whereby excess coating material is recycled,
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" This invention relates to web coating apparatus and
= more partlcularly to apparatus for applying to continuous
webs viscous aqueous solutions as layers of high uniform

“quality in the manufacture of photographic films and
.. ‘papers.
. tus for coating- viscous water-permeable colloid silver
- halide dispersions by skim coating onto eontmueus flex-

. ible phetographle film supports..
"~ 'The use of air knives, also referred to as air Jets and

‘air doctors, is known in the art of coating photographic
“The use of doctor blades

smoothing and regulatmg thlckness of applred coatings is

 also known.

~ T have now found that a partreular arrangement of a
“combination of such devices effects a surprising improve-

~ “ment in the smoothness and ‘uniformity of quality of the

applied coating. The apparatus aeeerdmg to this inven-
tion also unexpectedly permits an increase in coating speed

by as much as 300% or more without sacrifice of quality.

~ An object of this invention is to provide an improved
| ceenng apparatus for producing a smooth uniform coat-

| -ing of material onto a travelling web. Another object is
‘to provide such apparatus that permits the coating of

wsceus liquid materials onto continuous webs over a wide
Yet another object is to provide such
. apparatus ‘that is easily adjustable and accessible for
A further object is to pro-

Still more particularly, it relates to such appara-

T mted States Patent Office

10

2995460
Patented Aug. 8, 1961

2
The air kmfe 1is pes:tloned en and secured te a Slllt-
able frame (not shown) "The air knife is adJustable as
in the prior art to impinge a planar stream of air at eny
desired angle onto the coated web. A tmnmen 7 is
fastened at each end of end plate 8 of the air knife near

the air oriffice 9. Trunnions 7 extend -a.short distance

from the end plate 8 to hold upper brackets 10 of the ad-
]ustmg mechanism for the metenng device 2.. The trun-

‘nions*7 are threaded. to recéive nuts 11 for secunng the- |
“upper brackets 10. | -

- The metering device 2 is pesmened so that 1ts metenng' |

| -llp 12 is parallel to the surface of the coating roll 3 and
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extends laterally across the roll fer a distance at least as
great as the width of the web 6 being coated. The
metering device is of rigid construction and may be solid

- or hollow. Besides the metering lip 12, which is prefer-
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ably a machined projecting portion adjacent the coating
roll as illustrated, the metering device has upper surface
13 and lower surface 14 for guiding excess coating ma-
terial back into the eoatmg pan. Upper surface 13 is
shown slepmg downwardly in an arcuate pre]eetmn 15 to
further direct excess material off surface 13 into the coat-
ing pan, Trunnion 16 for secunng the metering device -
2 to its adjusting mechanism is secured at each lateral
end of the metering device by means of threads and nuts -
or, as illustrated, by pinch fits.

" The adjustlng mechanism is mounted on the air kmfe

-so that the precise location of the metering device can

- be adjusted 1ndependently of the air knife.
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~As illustrated
in FIG. 3, it is important to be able to adjust accurately |
the ldlstanee Y of the metering lip 12 from the on-running
web 6, the distance Z between the metering device and the
air orifice 9, and the angle # that the plane of the web
forms with the upper surface 13 of the metering device.

The adjusting mechanism in the illustrated embodi-

- ment has upper brackets 10 and lower brackets: 7 suit-
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- reducing the volume and expense of coating materlal re- -

“quired from the source of supply. |
A particular object is to provide improved apparatus

~° having a novel arrangement of component elements by
.+ which viscous water-permeable colloid silver halide dis~

. persoms can be coated continuously as a thin layer onto
. a continuous web at a coating speed as high as 400 feet

~ per minute to produce a photographic film element of
‘jcommercml quality and uniformity having satisfactory
sensitometric and other photographic properties.

which will now be detailed with reference to the accom-

N --panymg drawmg, wherein:

- FIG. 1 is a side elevation view of the component parts

“tion of the coating pan broken away for clarlty, and

. . FIQG. 2 is a schematic side elevation view illustrating

the production of a coated phetographlc film utilizing the
“web. eeatlng apparatus of FIG.1.

FIG. 3 is a schematic side elevation view 1]1ustratmg

. . the relationship between certain parts of the web ceahng

‘apparatus of FIG. 1.

.. Referring now to the drawmg, the prmelpal elements
-ef the apparatus of this invention include an air knife 1,

a metermg device 2, a coating roll 3 and a coating pan
4, arranged to apply a thin layer of viscous liquid coat-
ing material 5 by the skim ceanng method to the flexible
‘web 6 continuously advancmg m the direction indicated

. by the arrows.
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ably interconnected. Adjusting screw or. screws 18 mount-
ed on the upper brackets enable precise-advancing and
retracting of the metering device to adjust the distance Y-
of the lip 12 from the web. Adjusting screw or screws 19
similarly enable precise advancing and retracting of the
metering device in a perpendicular direction to ad]ust the
distance Z between the metering device and the air. oris
fice. Rotative adjustment of the metering device about
its pivotal mount on trunnions 16 serves to regulate the
desired angle ¢ between the web and the upper surface.
13 of the metering device. The angle is held by any

-suitable means such as adjusting screw 20.

The coating pan 4 can be of conventional design but rs
preferabl‘_s»r divided into separate sections as shown. : A

~ reservoir of coating material 5 is supplied from any suit-

| Still
- other objects will be ‘apparent from the following de-

B o from a source outside the pan.
- scription of a preferred embodiment of the invention,
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- « of the apparatus in operational relationship, with a por-
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‘waste -and loss of material.

able source such as through an inlet pressure feeding
The overflow of coating
material over wier 21 flows into trough 22 which serves
as a collecting container for the overflow over wier 21 as
well as excess coating material flowing down surfeces 13
and 14 of the metering device. The wier 21 is parallel
to the surface of the coating roll 3 and is somewhat lower

than the back edge 23 of the pan so overflow from the

reservoir will occur only in the direction of travel of the
web. Coating material collected in trough 22 is led by
any suitable means (not shown) back into the flow of
coating material feeding to the reservoir, thus eliminating
The coatmg pan can be ad-
justable in a vertical direction and in a right and left
direction to permit positioning of the coating pan at the

precisely desired location during operation. . ;.
Maintenance of the variables referred to above mthm

critical defined limits of position to produce the surpris-

ing results herein described will now be set forth, - -
‘The coating pan must be in a position relative to the. |
Web to apply a surface coating of the coating materlal_



onto the web in a thickness of at least 200% of the final
wet coating thickness X desired. It '1s preferred that a

2,005,460

thickness of coating material of from 450% to 550% of

~ the final wet coating thickness be left on the web as it
‘leaves the coating pan. It is preferred that the thickness
of the coating applied at the coating pan be controlled by
‘using the wier or forward edge of the coating pan as a
- metering or doctoring blade. | |
.. The metering device 2 is preferably positioned with its
- metering 'lip 12 adjacent the web at the place where the

web changes direction of forward travel from an arcuate

‘path around the coating roll to a straight planar path
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to the coating pan, and the various elements of the appa-

ratus are. positioned as described above to effect the coat-
ing of a thin layer on the web. With the wier acting

partially as a doctor blade, coating material metered by
it remains in the coating pan. Coating material metered
by the lip 12 flows smoothly and steadily downwardly
on surface 14 into the trough. Excess coating metered
by the air stream from the air knife, which in prior art
air knife coating installations may run back down the
web or fly from the web as a spray, mist or fog-of parti-
cles, is returned to the coating pan-in a smooth stream -

- flowing downwardly along the upper surface 13 of the

leading to subsequent web handling equipment. In other

- words, it is preferred that the metering lip 12 be located |

~ immediately preceding the point at which the outrunning

web leaves contact with the coating roll. In this preferred

position, the jet from the orifice 9 impinges on the coat-

ing material on a portion of the web which ‘is still in
contact with coating roll 3. S -

It is essential that the metering lip 12 be positioned

close enough to the web that the lip acts to remove a part
of the freshly applied excess coating material. The out-

15

- aqueous photographic materials.
“in the coating of aqueous silver halide dispersions in the

20

standing results-obtainable according to this invention re-
~quire that there be no gap or space between the lip and

the coating material on the web. It is important that no
- -air, particularly from the air knife, be permitted to pass

29

between the lip and the web. It has been found necessary -

to position. the lip 12 so that it permits an excess of coat-
‘ing material to pass the lip 12. In particular, the amount
of coating allowed to pass the lip as illustrated in FIG. 3
(or, 1n other words, the distance Y from the lip 12 to
~ the web 6) must be at least 120%, and preferably 120%
10 150%, of the final wet coating thickness X. -

- The material that is metered by the lip 12 flows down
~the lower surface 14 of the metering device 2 in a smooth

~ stream to the trough 22. The angle of position of the

30

metering device. The possibilities of streaks being formed -
by the coating material Tunning down the web and the
spray, mist or fog settling on and injuring the smoothed
portion of the coating are eliminated by this invention.
This invention is particularly useful in the coating of
It 1s especially useful

various types of natural and synthetic water-permeable
colloids as binding agents for the light-sensitive silver
halide grains, including gelatin, albumin, agar-agar,
water-permeable polyamides, polyvinyl alcohol, partially

“hydrolyzed polyvinyl esters, hydrophilic polyvinyl acetals

including those containing color-former nuclei, and other
types of viscous aqueous solutions, particularly those
containing colloids. : |

A preferred use for this invention is in the coating of
gelatino silver halide emulsions. FIG. 2 of the drawing
schematically represents a convenient arrangement of

~operations conventionally used for such coating.

- Referring to FIG. 2, a supply of web, e.g., film base

~or paper, from unwind source 24 travels around guide
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- lower surface 14 will depend on the shape and construc-

tion of the metering device and is not critical. -
The air knife must be positioned to direct a stream of
air against the coated web at an angle, measured from the
plane of the outrunning web (or from the plane of tan-
~gents to the roll through the line of impingement of the
air stream, if applicable), of from 35° to 90°, and pref-
erably from 45° to 55°. This angle is measured counter-
~clockwise from the plane of the outrunning web.

The distance Z from the line of impingement of the air.

stream to the lip 12 may vary depending on such variables
as the viscosity of the coating material and the coating
speed, and can readily be determined by persons in the
art in accordance with the teachings set forth herein. The
distance Z for most coating operations generally will be
from 1.0 to 5.0 times, and preferably from 2.0 to 3.0
times, the final wet coating thickness. |

The angle ¢ formed by the upper surface 13 of the
‘metering device 2 and the plane of the web at the line
of metering by lip 12 has been found to be critical. This
angle is measured counter-clockwise from the upper sur-
face 13 and is herein referred to as the angle between the
upper surface of the metering device and the plane of the
web. It is important that this angle between the upper
- surface of the metering device and the plane of the web

be at least as large, and preferably 5° to 15° larger, than

the angle at which air impinged -on the coating material
is reflected away from the coated surface of the web.
Operating in this relative position insures the stability of
~ the flow of air and excess coating material, which is pass-
ing downwardly over surface 13. It should be pointed
out that the angle of impingement of air from the air
Knife will not necessarily be equal to the angle of refiec-

-

tion of the air stream. "
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roller 2§ in the direction indicated, around the coating

roll 3 at the coating station (see FIG. 1), past guide
roller 26, through a conventional chill area 27 where the
emulsion is set, around guide roller 28, through a con-

-ventional dryer 29, and then to windup 30 or other proc-

essing operation. - Other arrangements may of course
be used, as will be readily understood by persons in the
art. | o !

~ While not wishing to be limited by the following ex-
planation, it is believed that the reason for the outstand-
ing results obtainable under the conditions outlined above
is that the air stream from the air knife, after it has “cut”
off the last excess coating material, is stabilized by the
metering device 2 after the air is reflected from the coat-
ing and travels in a-smooth non-turbulent stream along
the upper surface 13 of the metering device. This ap-

- pears to effect the holding of the excess coating material

-
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on the upper surface 13 and directs the flow of the mate-
rial evenly and smoothly into the trough of the coating
pan. . S

An additional reason for the excellent results, particu-
larly at high coating speeds, is believed due to the fact

that, as the excess coating material is cut from the web

by the air stream from the air knife, a small puddle or
bead of material is formed at the upper part of the junc-

ture between the outrunning web and the upper edge of
‘the metering device.

f . This puddle in effect serves as a
reservolr supplying material to any voids which exist in

~ the coating. In this manner, a uniform surface of coat-
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~ In operation, the flexible web is passed around the

coating roll;_ coating mate_ri_al to be ..appli_ed is delivered

75

ing material is presented to the air stream, thereby pre-
venting non-uniformities which might result from flow
patterns appearing at the air stream. Without this puddie,
these flow patterns would not be eliminated by the air
knife action. Thus the attendant advantages of meter
blade coating, air knife coating and coating from a bead
or puddle are obtained in this novel combination.
~ Furthermore, the preferred arrangement of component
parts has been found to stabilize the air stream, thus
preventing an objectionable feature of air knife coating
commonly known as air jet chatter.,



ey

. per minute;.

. -""_.I.. .
' ﬁﬂ.

The mventlon wﬂl ‘be: further expl ained  but is not

| intended to- be hlmted by the following. examples. |

Example I
Apparatus as- 1llustrated in-FIG. 1 of the drawing is

L arranged ‘with=the air streamrdirected toimpinge on the
coated ‘web-at:an anglé- of {about::52° from-the plane
‘ofiithe outrunning. webi~. The-air-knife.is: pesmened 0:1
. inchifrom-the:web. The: aii khife: pressure:is 5.78 inches
- ofiwater using-an- -orifice: 0f:0.025“inch;: The.metering
. device is-adjusted with"the-metering lip: 12 at -a distance
ofi0.0137inch: from the.webi. The:distance between the
. line-at ‘whichithe air stream:from:the-air:-knife impinges
-~ omthe coating:and the upperedge.of the-lip of the meter-
- ing:device:is 0:030 inch: The.angle formed between the 19
. plane:of ithe:web:(as: defined-above) 'and:the upper sur-
fdcevof -the-metering- deévice is -about:: 68°.
.- acetate« filmr base: moving:atia speed : of : 220 feet: per -
. minute:is-coated:: withi:a:; gelatlne -silver - bromochloride
- light-sensitive: phetﬂgraphle -emulsion: ‘having :a -viscosity
of 110.6 ‘centistokes at:la: temperature of '100° 'F. and a.

solids-content :of 116%. by weight.: .

A cellulose

A coating :of :about

2;995-'469;.5:-
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at least. 200%, and. preferably 450% to: 550?’ of . the

- desired final :wet ‘thickness, metering. at a first 11ne trans<-

10"

verse. across. the ‘web- the relatively thick layer to :a‘lesser:

thickness . of at least: 120%; and. preferably  120%: to'

- 150%, of the:desired final wet thickness,. impinging- at:ia:
second ‘line ‘transverse:across-the web  a:stream of: air

against the layer of :lesser thickness at an-angle.of 35“"'“
to. 90°, and. preferably 45°'t0:50°, measured from :the:

plane of .the -web at the second transverse:line :todoctor:

the layer of lesser:thickness to:the desired final thickness;:
the second transverse line-being at a distance from:the first"
transverse line of ‘about:1.0-to 5.0 times, and preférably:
from 2.0 to 3.0.times, the .desired final wet thickness, and:*

- guiding the-air stream reflected from the second transverse:

line away from the web:at an: angle measured fromithe:

_.p]ane of the web:- at -the: first transverse -line. of -at:least:

as large, and- preferably 5° to15° larger, than: the: angle

- of the:reflected air stream: also:measured:from: the.plane- -

20

139:mg.:of solids per:square:decimeter:is obtained:. The -

- resultant::emulsion-coated filin:has -excellent:: quahty and .
| i-umfermlty ef sensitometric: -and.other" prepertles

Example I

29

of ‘the: web:at the first. transverse-line; while: preventing::

‘the passage -of :any air -from the. impingingor ‘reflected.’

stream from: effecting contact directly: withithe- inrunning;;
web-atany portion preceding:the. first transverse:line:

A preferred embodiment.of the process of: this invention;:
with: ‘unexpectedly .advantageous ‘results:from:the:stand=-

point: of ‘ the -sensitometric.. and-. phetographlc quahty ofi

~ the: resultant. product,: is :obtained:’ by: Carrymg out::the-

metering;:lip-and. the :web*is:0:020 inch, and the:metering -

 device:anglé:with:respect:itocthe web:is -about:65°.. An-.
- aqueous gelatinossilver iodozbromide Jight-sensitive phet0---- |
-+ graphic emulsion-of the:=X-ray:type-having:a:viscosity of .
. 26:centistokes atra. temperature-of 1007 'F. and.a"16% by
. weight ‘solids - content::is > coated. onto:: a" gelatin.:subbed..
polyethylene:terephthalate.web:moving.at about::150: feet :
Ascoating:ofitabout::227 ‘mg, .of :solids :per -
*square decimeter:having:excellent quality -and: prepertles

is: obtamed as:in: Example I

Example 11l
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Eiemple‘ I is- fepeated "except -that: the:distance between:: |

the metering -lip-and-the:web:is.-0:007 ‘inch.: A’ web of:
 paper-of. the:light.: weight::document: stock - type - moving
- atabout: 150 feet ‘per minute-is: coated--with':a. gehtlne'
- silver bromochloride light-sensitive photographic.emulsion::

- having .arviscosity:of::8.4 icentistokes:at ‘a temperature of =
A’coating
- ofrabout::30: mg; of ‘solids-per: square - decimeter “having:
- excellent: quality -and preperties 18 obtalned as+m-Ex-

100° Fy and-an-1 1% by:weight: solids content.

ample:1.i.

- The:coating-operation-isisnot::limited . to- skim coating -
- methods - but:is:also-useful: wherein-the :application: of the -
~coating.material ' to-the:webi:is:accomplished " by other -
- metheds utilizing :an-air: fkhifeﬁ_eaﬁeﬁeet smoothing .of ‘the:
. such-‘'methods 1in:-
clude-dip coating; nip:roll: coating;: reverse mll coating,"
extrusion: coating;: etc.

coating.:. Invaddition:to-skim:coating;

In:-addition:to: sﬂver hahde emulsmns the invention. is

antistatic: layers,. etc::

| 60
usefiil- in:-the : application::of {suchi coating ‘materials ‘as-

- gelatin sublayers;. gelatin-filter ldyers, antiabrasion layers -

The :invention: is -also. useful -in-

applying pigmented: leyels to:films: and paper webs.. Other

- uses: will:readily occur to-persons in: the art.: -

It will: be.understood. that use of the apparatus of this -

-invention;:and:equivaleént. apparatus in-the herein described

manner; is directed: to-a novel process for coating.a con--

- tifinous -flexible :web-to- applyta-coated layer of coating

material having a preselected:desired final thickness -(con-
veniently referred:to.as measured. while wet; although'dry-

thickness :calculations: could:‘readily be ‘used :with corre~
sponding :changes :in-the ‘ranges=set forth below). The
- process: compnses -applying »to-the ‘moving web ' coating -
| matertal in:a: relatlvely thick'layer ‘having a thickness of

65 -
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above ;process wherein the.coating material- lS ‘an: aqueous

| | - gelatino silver -halide dispersion.:
Examp]e s repeated except that- the air: kmfe pres--

- sure: 18:3.7 "inches: of:! water:, the: distance: between the:-

1If -desired, the - apparatus : described. in- Lehman;: U.S:

30'_.-. apphcatlon Serial. No:: 642,849, filed February:27,.1957,.

now:U.S:: Patent 2,901, 376 issued. August 25, 1959;; may
be:advantageously . used:in: combmatlon WIth thsls invens; -
tlon !
An advantaee of ‘the- present 1nventmn reSIdes m thefr:—-,
prevention of the:coating: material . being: metered:from::
the.web: by the metering.device.from returning along the:
surface -of .the- web; thus obviating -a. defect -of ‘prior.art:
coating.apparatus and methods,. namely; the:defect which::
appears as bands of eeatlng material.of a-thickness heavier:
than: desired. running in-the. direction. of :the. web travel.’.
By-carrying.out: the. .present:‘invention; these: Iengltudmali'
bands -or. stripes - are. eliminated.” Another-advantage:is::
that by centrollmg the:path:of: the coatmg ‘material: doc— -
tored: by the: air knife,  .no. material: is ‘thrown from::the:

webrat: high: speeds -as-spray; mist ‘or:fog, thus reducing;:
the: denge1 ‘of - coating: material.. -contaminating:: and/or.:

otherwise injuring -the.smoothed coating surfdice: Yet an= -
other advantage- resides -in the fact that. coatings:can:be:

~made-.over a-wide range of speeds by-apparatus that: 18
50

easily adjustable and. accessible :for- cleaning sand:mainte- -

nance... A further advantage is that:excess coating: matenaL

1s ot wasted. but- can:'be-conveniently .recycled,: this res"

~ ducing the amount needed and-the expense-of: wmpltcated:-:f:_

salvaging equipment. . A still:further:advantage is that:the-..
air :stream from::the: air knife is. ‘completely- deflected:iso

“that it cannot disturb’ the surface of- ‘the. coating: metertalé..é'

in the :coating. pan at the: point at which the: web: cen-
tacts the coating-material in-the pan;: ;

Anradditional adv antage:1s-that:the. alr stream is stabl- .
lized,  eliminating air.jet chatter by the :proximity.of. thef
upper surface -of .the ‘metering -device to-the.line:of im=-
pingement: of the air stream, and by maintaining the-thick= .
ness-of the layer.to be-air’ doctored: relatively constant by
the.action: of the metering device.: Yet a:further: advan-

tage.1s .that the -entire smoothing apparatus can:be con=.-.

veniently moved out of . epetattmnr positionand: returned:: .
to.operating position with'the .air knife in-a single ‘motion;::. -
A particulur advantage resides in-the-fact that light-sensi=:-
tive . photographic emulsions can™ be . applied to::photo-- -

gruphic fiilm base at speeds-as high as 400 feet per niinute ;.

to.obtain coated photegraphlc films of outstendlng smeoth- 2
ness and--uniformity . of - ‘quality; .with satlsfaetery sensis

tometric. and . other photographic:properties.. Still:other:
advantages ‘will ‘be :apparent:from the: above deeerlptlon
of the invention. -
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The invention claimed is:

1. A process of web coating comprising applying to a
flexible moving web coating material in a relatively thick
layer having a thickness of at least 200% of the desired
- final wet thickness, metering at a first transverse line
across the web said relatively thick layer to a lesser thick-

. ness of at least 120% of said desired wet thickness, im-
pinging at a second transverse line across said web a

~stream of air against said layer. of lesser thickness at an
~angle of 35° to 90° measured from the plane of said web

- through said second transverse line to do:tor said layer

 of lesser thickness to said desired wet thickness, said sec-

ond transverse line being at a distance from said first
- transverse line of about 1.0 to 5.0 times said desired wet
thickness, and guiding said air stream retlected from said

. second transverse line away from said web at an angle,

“measured from the plane of said web at said first trans-
verse line, at least as large as the angle of said reflected
air stream measured from the plane of said web at said

- second transverse line, while preventing the passage of air

from said impinging .stream and said reflected stream
from effecting contact with the inrunning web at any
- portion of said web_preceding said first transverse linec.

2. A process as set forth in claim | wherein said coat- :

mg material is a viscous aqueous solution of a water-
permeable colloid.: | | | | |

3. A process as set forth in claim 2 wherein said coat-
| 'mg matenal is an aqueous gelatino silver hallde dlsper-
- slon.

© 4, A process as set forth in claim 1 wherem sald rela-
tively thick layer has a thickness of 450% to 550% of
said desired wet thickness.

‘5. A process as set forth in claim 1 wherem said layer
| of lesser thickness has. a thickness of 170% to 150% of
- said desired wet thickness .

6. A process as set forth in claim 1 whereln said ang]e |

of said stream of air is 45° to 535°.
7. A process as set forth in claim 6 wherein said dis-
- tance is 2.0 to 3.0 times said desired wet thickness.
- 8.°A process as set forth in claim 6 wherein said guid-
ing is at an angle of 5° to 15° greater than the angle of
- said reflected air stream. . :

9, In an apparatus for coating a moving flexible web
to a desired wet thickness (X) comprising a coating roll

10
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for guiding said web, coating means for applying to the
web while the web is moving around said coating roll a

layer of coating material, a rotatably mounted air knife

doctor having an air orifice adjacent to the traveling web
for directing a stream of air against the coated layer at

“an impingement line transverse to the direction of web

travel, said angle of impingement ranging from 35 to 90°
from the plane of the outrunning web at the impingement
line, the combination with said air knife doctor of a meter-
mg device, said metermg device being connected to said
air knife doctor and being located between said coating

‘means and said air knife doctor, the metering device com-

prising an upper fluid deflecting surface and a lower liquid
smoothing surface having a lip portion adjacent and
parallel to the surface of the web, said lip portion forming

~an apex with the upper fluid deflecting surface, said meter-

ing device being precisely adjustable horizontally, verti-
cally and rotatively in relation to the web independently
of the air knife doctor by an adjusting mechanism having'
separate screw adjustments, said adjusting mechanism
being mounted on the air knife doctor whereby the dis-
tance (Y) of the metering lip from the web, the distance
(Z) from the apex of the metering device and the air

~ orifice of the air knife doctor range from 1.2X to 1.5X

and X to 5X, respectively, and the angle # measured from

the said upper fluid deflecting surface counterclockwise to
the plane of the web as the web passes the metering lip
is at least as great as the angle of the air being deﬂected
from the coated surface of the web.
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