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THE INSTITUTE OF PAPER CHEMISTRY

APPLETON. WISCONSIN

g dri t ooI o 

Georg Xkight, during the course of his investigation of

surface wettabillty, observed certain phenomena concerning the

ffeet of a vacnm on the vettability of porous paper surfaces. he

principles he deduced from these observations were reeeognied as

having possble merit in connection with the coating of porous vebs

and were patented as the Knight-Rowland coating process (U. 8. Patent

No. 2,471,330). Project 1271 was initiated to evaluate this process

with particular reference to its applicability to a continuous paper

web in the Institute's laboratory coater.

TfORFMI CAL CONSIDIBATIOHS

A porous material, such as a *heet of paper, will allow

(within limits) the passage of fluid eubstaacee. Thus, if a sheet

of paper is used as a membrane between two chambers, ne of which has

a higher fluid pressure than the other, it will permit passage of

the fluid until the pressures are equalized. The pressure differential

existing betveea the two chambers serves as a driving foroe to move

the fluid material through the interstices of the porous membrane. It

-can be. shown that the sase principle applies when the two chambers are

located adjacent to each other on the same side of the sheet of paper.

Te wall or barrier between the two chambers is in contact with one

-rIN-- 
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side of the shet. Beneath it the re is areted a lateral floor of air

or fluid eating material from the high-preossre to the low-pressure

chamber. Depending an the porosity of the ehoet, there is a tendAmn

for any fluid in contaot vwth the heet on the low-pressure olde of

th barrier to be drwn into the shot. Fitted tightly to the opposite

*idO of the paper is a moapnreu atrial. This arrangement is, ia

certain respeotl similar to having the chambers n opposite sides of

the web. The flui in the high-presre ohaber ts onae aasin separated

from that is the lov-presasre ohhaber b a porous amebrane. Hovers,

it ioe ot liX ted te one direot path but ma take several. utillziag

those whioh offer the least reiestanoe.

Knight defined these paths as "leakage.' Figure 1 ie a

illautration of the possible fluid aths. The relative iportanee of

the flow along each fluid path is dependent upon the porosity and

esoothnes of the porous *atorial, ae eill as upon the pressure

differential and tine interval involved. From the illustration, the

function of the nonporona beaokig material is apparent, for it can be

seen that, without the backing, a eigaificant difference in pressure

between the two chambers would not exist. The backing serve to reduce

the amount of leakage of air ertically through the heeot under the

low-pressure chamber, confining the flow primarily to a direction along

-- - - the sheet rather thaa through the sehot.

A logial extension of this principle is its application te

THm INOTIITUT or PAPRB CHCMISTRY
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the coating of paper. thus, the higb-pressure Ohator would contain

Coating aole, as its fluid.- The ether chamber could be ousted to

obtain the misman pressure dilfferential Coating color, at the higher

pressure, would be &ra or drive., toward the eneoatet chamber and.

penetrate the interstices Of the Parms sheet. lome penetration of

eating materiel is desirable- PA a smesa of, mancbring the catiag to

the paper, partlelarly in the ash of surface areas which are not

uniformly and readily vetted lqr the seating at the tine of application.

'Llmiting the scep Of the-theoq to one evacuated chamber,

a perme elV, at atassphei'ib pressure,. ICUs conceivable that,-as

flight sWtatos, TM aaum -baa an appreciable effect on the same surface

to which It is applied and at an appreciable U stance free the area

of application.' This phinoiple shove that a fluid. aterlal Mae, In

a winner of speaking, be forced into a porous surface by applying a

vanm to an adjacent area of the same surface.

WMRflaMAL

General

Prowress on this project was, and to a large extent still

Is, directly dependent upon the e~riefnetal equipment which was, or

could_ beado avallable for-it._-solution.. La is-frequently the case,_

a great deal depended. upon auxiliary equipsent. The foundation for

THE I NStITUTEC~OF-pAEWcngs ISYNW
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developatet *f the equipment ueed vas a laboratory roll ooater origi-

nally dorined, but never entirely oompleted, for ooating roll of

raw took 10 inches vide and 36 inches in dialter. Bfrer modifiea-

tion it coanisted of aa unreeling tand an a pair of coatiag rlls

20 inches in diameter. one of ich was surfaoed with brass and one

with rubber. ere were no dryig facllties. One *f the greatest

problem was to acquire adequate drying capacity.

Behind the eatire project was; a certaina lgre of irg era

w'hloh ade it &iffLmit to undertake oertaia long range lmprooaemats

in the equipment beoare of the tiro elemeat. herfore. it became

necessary to etploy te perary measures in oe oases whioh. it was

hoped, wold satisfy the immliate requiremats. The first ef them

measures was theo installation of an *leotrio hot plate as the initial

stop in the development of drying cap ty. this furnishobed a temperea-

ture of 180° C. over a distacae of 10 feet of travel of the web. Its

capacity soon proved inadequate. A unit heater was installed to provide

air circulation and to bloe war air over the hot plate. Then, as the

next step, banks of infrared laqip were added. *ren with these additions,

the drying capacity vwa still inadequate.

Another possible approach to the problem of drying was to

lengthen the draw of the coated web. The draw through the achine was

started at 35 feet; therefore, all drying facilities hadto be-conon- - -- -

trated in that 35-foot opan. This moant that, when the machine was

THE INSTITUTE OF PAPER CHEMISTWf
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running at 00 ft./ian., it as neoeesary to dry a coated sample in

about five seconds. A 40-foot addition was ade by constrtuting a

tnnel of cardboard in the runners of the machine foadation. Air

flowing through the tuanel was heated by a unit heater and, later, tb

the addition of steam-heated ppes. Air temperature of 75 ° 0. wre

recorded at the ezit. Aailiary rolls were placed in sah a manner

that the web ade two passes through the ttnel. The neat step was

to install an idler roll at a considerable distace from the *achine.

When the web as threaded through the dler roll, the draw was increased

to 90 feet but one 20-foot pas through the tunnel drier was eliminated.

Stea pipes were arranged to furnish additional heat to the web Auring

its travel to.the idler roll.

In spite of a three-feld increase In drying time and a ub-

stantial inreasee in the amount of heat applied, the drying facilities

were far from satisfactory. Lack of proper drying led to a host of

operational diffiaclties. Por exaple, any coated samples which wre

wound wet were rained. Becanoe of the nature of this coating process,

it is not possible to treat the entire width of the sheet and, hence,

a strip of paper is left uncoated at each edge of the web. These strips

of unvettod paper most bear a proportionally, greater tensile stress

than does the wetted body of the sheet. therefore, it is almost in-

'~- -possible to-control wrinkling.- Whena the draw was lengthened. other _

serious problems became evident. Yrinkling was intensified, it became

0

THC INSTITUT
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more difficult to keep the web ea the rolls ad the *train on the web

wVa so great that repeated breaks necessitated frequent rethreading.

Since drying was still inadequate. attempt at oontinuous operation

were abandoned, ad. the draw vas shortened. . Sample were dried by

holding them in the tnnel drier.

Descriptioa eand of the Ol Coating evice

leause of the urgr and high priority aoigned to the

project . t was necessary to aocumlate data on the eperatieo of the

coating device eve as dToloplnt v*or i the coating nehine wa

being carried out. Figure 2 s am illustratioa of the origflal pilot

plant-scale coating hoaed, lnaid aterall It fed into the Wraid-

ahaped chamber and flow thragh a rectangular orifice called the

'coating slot.' The width of the coating slot may be varied tb using

:/''! Hone or more of evoral naohined metal inserts. A metal divider eparates

the coating mixture chamber from the yaoun chamber. several thiok-

nesese of dividers are available for sbstitution. the width of the

vacuum slot ma be ohangod in the same maner an the coating slot.

The coating head was used to coat the web from several

different mounting positions oa the machine. Thus, at some time, the

web was coated from the top, the bottom, or in a wartleal draw. The

mount for the hied was diffiereat-for eahof these positions. ]perianoe -'- -

shoved that erveral features were desirable for a workable coating-hea

mount. It was determined that conetruction should be uoh that the

THE INSTITUTE OF PAPER CHIMISTRY
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eating head oould be removed easil for oleaing. the mont shoul

allow *siple,yet precise adJustmaet to be Mde vertteall, horisonatlly,

and at an angle ith the plane of the sheet. There met be proviostl

for th use of a nonporous being plate. The mount shoalU be eooatrat-

ed so that a oeetrelled ad reprodueible presore can be applied betwon

the eoating head_ and the ashet. be onlt, a part of whioh is lluetrate

in Figure 2, had eooe of these features. Vertical rods were belted to

opposite sides of the achire frame. Other rods were fastened horigon

tallJ to the vertical redo b riht-angle olaps. The coating bead vas

then attached to the horizontal rods Ir bolto and swivel olapoe Thgo,

the coating device could be raised or lowered at will, or easily eo.

tacho. In praotteo it wae foundd that the force of vacnm might hold

the backing plate against the traveling web and coating surface with

such pressure that the sheet was torn. Therefore, two smBall sprip

were placed over the pege used for holding the backing plate. Vhea the

springs compressed, there limited the pressure agai4nt the sheet.

|-9 Qualitative data on the operation of the coating device re.

vealed several serious inadequacite. Changing the width of the slots

was both laborious and time conmsuing. Adjusting the ineerto oo that

thry presented an absolutely plane surface, an important feature If

the coated surface is to be smooth, was almost impossible. Some eart

ef doctoring seemed to bo-neoessary-to4eoatrol-the weight of thoeooet- .

Ing. Such dootoring oould be most effective when it ti an integral

part of the head. The .nuating device we inadequate because it va

THI INSYITUTM OP PAPER CHENtTRY
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not precise. .;e coating head oould not be return ed Oaty to its

original position onee it had been removed for cleaning or adjustment.

zgroexpansivity effects made coating of a wider portion of the sheet

desirable. hJs, operations were interrupted for a time to perit

conatrtetion of a more effeotive coating device embodying desig

features which were Adislosed during eperl atatia with the firet

model. 

Deseription and Pe of the b8eoor Oeating Deice

iguroe 3, ,, 5, aad-6*re views of the second exporiantal

oating head and its moant. It was constructed of brass. The face

of the coating head was aim inches wide in the cross-machdin direction.

and sven inches long la the mahice direction. It coated eight Inches

of a sheet tea inches wide. Fhe operation of the coating eovlce *w

be visualised fro the figures aad aecompaniag key. With this device.

it vas possible to make positive and precise adjustment of the coating

and vacumi slots, the angle of the ooating fac with the backing roll.

and the pressure of the face .ainat the web while in operation. The

use of this coating head and the enoaeutering of certain unforeseen

difficulties Bade further odification of the head desirable. The

doctor blade sooa proved to be maatiefaotory, because aapleo were

-produced vith-healier-ooatiags on the-edges than ia the middle. -One -. _

* Dleegard aabers in circles ea Figare 6. Theee refer to drawings
not included in this report.

THI INITTUTC OF PAPwK CHEMISTRv
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Figure 3
A view of the second model coating head and its mount in operating position
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Figure 5
A view of the second model coating head face
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source of trouble was traced to the fat that the bsklag roll was

slightly crowd, whereas the doctor had a plane urfaoas: Orinding

the debtor to the erown of the roll leseenod thief diffiaclty to on -

extent. However, the original head had but one aduotmat *orer for

the doctor which was inadeqate for keeping it in alicgnmant heoe

it was nearly impossible to establih exactly the right cleoarano

across the face. Substitution of two adjustig *orel helped to

correct this situation. It wae not possible to change the position

of the doctor vhilo in operation, since the set screws (10) ha to be

tight to prevent leakage. ^ removing the screw adjustment and safoet

spring on the arm of tho ount, the coating head could' be tilted back

for cleaning. The safety spring allowed movement of the ooating hed

to prevent damage to the coating face or backing roll if omeo object

were to lodge between them.

zparienee gained while working with the firet eating heed

showed that a backing plate was desirable from a practical standpoint.

It has been pointed out above that, theoretically, a nonporous backing

material il necessary to obtain the vaauum effect. In practice it nwa

fond that a backing plate ten4ed to Overcooe the spurtnag of coating

material caused by plsations of the feed paup and to prnoent skip

of coating resulting from air bubbles in the color. Other important

function of a backing plato s to furnish a 'bearing' srfaco for the

doctor blade. Therefore, the nor coating heMd war mounted so that the

-large-diameter rbber-coated roll would eerve as a backing. Sine the

THCE INSTITUTi OF PAPER CHCMISTRF
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roll is driven at the sam speed as the sheet. it inddA ao diig.i a

addition, its surface omootha out any wrinkles in the Wvb which dight

be occasioned 1r the coating operation. ;

new of coating material to the coating head has lIargel

been acooplish tr trhei useh of puImps. In the first ianotillltl,

a oentrdfigal pump wan used but it had ilaaffoienat capacity, ad di

not operate vell on high-riscosit7y aterlals. At present a 1oyne

sere-type pump is in use. Coating material flew b' gralty ad

action to tha pump from a copper storage tank. Diechar&g fro* te i

pup can be roatd to the eoating head or through a pass baok t th

tank. A crealating line retrmu thme a esoe.in t he

the storage tank. The pressure e f the flu in the eating ohlmbr is

controlled 1y throttling the return line. In another svtem, the

height of discharge from the head vas variable, tha insuring a more

precise and reproducible easure of the pressure. The fluid heA s 

the coating slot varies with the visoosity of the coating a.lture bht,

with normal conditions, it is not very great (of the order of 1 pis.i.). 

Since the flow of coating is low, throttling of-the return line is

usually not necessary and most of the material pumped is routed through

the bypass. Special runs made the use. of the pump inadvrlable. Ia

those instanee., the coating was fed to the ohaber through a funnel

and hose arrangement. The pressure wae varied r adjusting the height

of the funnel. The return line was plgged with a rubber stpper. 

.HR INGTITUYSSOF P#1rZNFCH9M1S~f4%6,.i
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The Taecmu hamber is connected to the general vacan ystue

ly mean of heavy walled rubber tubing and a liquid separator.

The foregoing described coating head and auxiliary equipment

developed during the oenrse of this work will be available for potential

application in a wide variety of coating problems that the Institute

my, investigate in the future.

Procedures

An ideal procedure for this evaluation would be to start the

coating machine, adjust the coating device to produce samples under

various vamam conditions or weights of coatings, and to ieoelteI '-

effect of any variable for comparison In a single run. Saxploe free

of tears and wrinkles would thereby be obtained for later study. Vith-

out adequate drying, however, this wag not possible, and successful

continuous operation with adequate drying has not yet been ataine d.

The experimental procedure was rather flexible and varied

from run to run as changes were made in the drying equipment or coating

head. The coating mixture was usually prepared the day before a given

run. The details of the preparation method were as followst

THE INSTITUTE:OF PAPER CH[EMISTRK.
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Preparation of Clay-Starch Coating Oolor

Oopoetpitio

Starch
linton modified, g. 1360

Water, g. plus steam condensate 3875

Clay slip
E. T. coating clay. g 
Water, g.

(padrefa« (dispersing agent), C 3.
Water g. 

Coloring and preservative
hast red 2L dye, g. 1
Lignasan, g. 12

The starch is cooked with water by the use of direct steia 

in a eonicaL-botteo copper kettle. This suspension is agitated. 

continuously with a Lightnin' mixer. The clay slip to be blended with

the cooked starch is prepared in a Bakr-Perkins mixer as followvi

While the clay is being stirred by the mixer, the wter is added slowly.

After the clay has become thoroughly wetted, the quadrofas is added.

The dye solution is prepared by dissolving the dye in 200 to 300 se. of

boiling water. The starch, clay slip, dye,and Lignasan are finally

mixed In the copper kettle and then stored in a covered 5-gallon ca

until used. Using this procedure, a coating mixture of about 20% solids

is obtained-. 

THE INrTITUTE Or PAPER CHEMISTRY *1
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Preparation of Carbon-Staroh Coating Color

Composition

Starch
Clinton modified. g. 685
Water, g. plus steaa condensate 1985

Carbon slip
Carbon black (Statex B Dense), g. 3425 
Water (600 C.), g. 5550

Karasperee CB (dispersing agent), g. 75
Water (boiling), g. 1000

The method of preparation of the carbon slip is essentially 

the soae as that for the clay slip. It is necessary to use water of

60 ° C. in order to properly vet the carbon. A color of about 10

solids vith a viscosity comparable with that of a delay coating of 3 35

to 40% is obtained from the above formula.

Just prior to use, the color vas stirred for at least 0.5

hour with a Lightnin' mixer, precautions being taken to avoid "beating'

air into the color. When drying equipment vas to be used, it was

turned on (with the exception of the infrared lamps) one hour before

the start of the run. When the first model coating head vas being

used, the necessary adjustments in the width of vacunu or coating slots

were made before operation. It was necessary to completely disassemble

the coating head to replace any of the inserts which were used for

adjusting the slot widths. A somewhat different procedure was used with

the second coating head. The doctor blade was set to approximately the

I
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oerrect height. he head wa then laid against the web and bakiag

roll and vacm was applied. The angle of the head was adtuted to

that point-that gave a maximum vaoa reading. The angle adjustmnt

was very critical and centered about the trailing edge of the vacua

pilot. Thir position proved to be the boet with regard to quality and

ease of control ef coating application. he machine was then started

and ooatlag applications vere made. lhen a few feet of paper had been

coated, the feed pump and machine vere stopped and the oeaple was

examined. Ay unevsias caused t' isalignment of the docter blade

was corrected. This procedure was repeated until the doctor blade vas

in the beat attainable position to sake aamples ef the coating weight

desired. Taoma conditions or other factors were varied and samples

were made. ach sample wae made individually. after which tiae the

machine waoa topped, the coating head tilted back and cleaned, and the

coated paper was torn ont. It was then necessary to rethread the

machine.

SUMART

A total of 29 regular coating runne ere made. 11 ith the

first modol coating head and 18 with the eecond model. During the

course of the experimental work, coating colore of 40 to 65% solid

were ued ia making samples of from 2 to 41llb. (25 z 40-500 ream)

coating weight. In one Instance, a coated sample of 84 pounds coated

weight was produced. A machine speed of 70 to 400 ft./min. wae used.

THP INSTITUTE OP PAPER CHEMISTRY
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Vacum conditions froa 0 to 24 inches of mrraory were investigated.

fhe last ten runs were made with ooating mixtures other than starhe-

clay color. They are of ipeoal interest and will be dieosueed in

some detail later in this report.

RBSLT8 ID A OONCUXIO I

Throughout the history of the paper industry, which is

traditionally conservative, there has been a tendency to rely on rule-

of-thumb experience rather than on scientific facts because th latter

were lacking in many eases. Only recently have physical teeting and

basie research be^a to catoh up to the industry' a needs. The coating

processes like other papermakMng and converting operations are in-

adequately fortified by good analytical tools. This lack of physical

tests has been very strongly felt in this study and nade it difficult

to draw valid and definite efforts to conclusions from experimental

work done in evaluating the utility of the Knight-Rowland coater. Front

this project, there is at hand a wealth of qualitative data but little

of a quantitative nature. The data have been collected over the entire

series of runs; hence, there will be no attempt to distinguish the

results of individual experiments, except where they merit special

consideration.

The collection of significant data when ueing the first coat-

tag head was hampered by the fact that reproducible operation could not

THE INSTITUTE OF PAPER CHEMISTRY,
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be aohioved. It was not possible, as an operating procedure, to return

the coating head to its original place when it had to be removed.

-earing-and breaking of the sb were all too frequent ocUrnoes. hise,

of course, stopped operations until the achine had been rethreaded.

Natters were further complicated by the nature of the ooating color

which it thixotrepio-that ii, it gels upon standing without agtation. 

Thus, the color left in the head when the machine is shat down (evea

though for only a few minutes) 'eetos in the lines and the ooating *lot.

This necessitates a thorough cleaning. Therefore, it was never known

for certain that any two given run were identical. ]brlr assumption

that twvo runs were the sae led to erroneous conclusions. Aa example

can be cited to illustrate this. A run wae nad using a 1/8-inch coat-

lng slot opening to produce a 40-lb. (25 x l40-500 ream basis) coating.

the slot was reduced to 1/16-inch and. with other conditions apparently

remaining the sare, a 10-lb. coat was produced. This led to the oon-

elusion that the width of coating slot could be used to control the

weight of coating. Work with the second model coating head, however,

shoved that, under the conditions of its operation, the width of the

coating slet had no significant control over coating weight, even when .

varied fro 0o.o06 to 0.375 inch. As has been pointed out with the

second nodel, variations in slot width could be made while coating

operations veore in progress. Thi simplifiedoperations and facilitated

the study of certain points. By way of contrast, to change the slot

width of the first model, the head had to be removed from the machine

THE INSTITUTE OF PAPCR CHEMISTRW
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and isasseabled. In reassembliag it a very difficult to atcher 

proper alignment, so that ia s cases a slightly projecting insert

wold act as a doctor.: Or perhaps, whn rmounted, the angle of the

coating face ma not quite the nam, mo that the tire head aoted

somewhat as a deotor, theso illustrations emphasis the difficulty 

of reaching valid conclusion. 

Th basis for iosnaace of the patent on the Knight-Bovland

coating process can be summarized as the unique and novel application

of vacouu. The priary concern of theealaation of the proceed is to

determine Just what offset af rm has when used in coajunction with

standard ooating material ad to tranmlate soh data so that the process

a7 find application in industry. In addition to veaum, there are other

factors which a influence the character of a coated sample, variables

which mat be accounted for before the effect of vacum can be Isolated. 

auoh things as machine speed, width of coating slot, and width of vacnu i

slot will be discussed, together with their effect on the coated sample.

Machine speed was found to have a slight effect on the weight

of the coating. I one instance a increase in speed from 70 to 225

ft./min. reduced the coating weight from 6.5 to 4.2 lb. (25 x 40-500

reaa basis). Although the work done on the effect of speed was not 

extensive, it might bo expeoted from the results obtained that an increase

in sheet speed would cause some reduction in coating weight. 

THE TITUT O PAPER HM
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The width of the coating slot doee not neoeoarily control

the weight of the coating as was indicated in soo of the early work.

Vhen the coating slot width is decreased, difftilties are encountered

from plugging with particles of coating color, which caueeos treaks in

the coated sheet. Staple 1 i an esaxple of such streaks. In practice,

a rather large opening (1/g inch) Vas used so that the greater proportion

of particle would pass through without being caught. The ooating slot

seemed to serve no other function than to bring a large excess of coating

material into contact with the web.

In working with the iqroved coating head, variatloes in the

width of the vacuma slot were rather llUited in cope because of the

nature of the backiag roll. It has been pointed eat that the coating

head feee io a plans *srfae in contact with a curved backing roll. As

the width of the vaema slot il increased, the leading edge Ils rawn 

farther from the backing roll. Under these conditions, lakages other

than thoee which might case penetration may be of controlling importance.

Usually, a TaostN slot of 3/16 inch was used.

there are certain characteristics desired ty a manufacturer

of coated paper for his product. Among thea are printabllity and

appearance. Great expense ef time and equipment has been made in efforts

to achieve these ends. It follows that any evaluation of the Knight 

Rovland coater or any other coating equipment which would be of interest

to the general manufacturer of coated paper would have to show that the
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coater oauld produce a better looking and a better printing obset tha 

the standard which he now uses or else be easier to control or ether-

vise more eoonomical to operate. Aa early olaim for this process was

the even and smooth smples produced rI it. It han been found aoasry.

however, to control the wight of ooating applied by use of a o«teor

blade: therefore, the appearance of the coated surface depends greatly

upon the action of the doctor. the first samples vere very heavy

(40 to 60 peonds), so that little or no daotoring action eva tvollvd.

This condition might be expected to produce very smooth surfaced samples.

Surface leakage dravs ooating material aoror the divider

through "'alU s' forced ly iadniridal fibers which lie en the surface

of the sheet. When vacam is used tuder these conditions an extreely

light coat sight be expected to appear more uniform than one made

without vacluu. But, as the sheet is drawn under the coating slot, it

is brought into contact with a large excess of color, so that the valleys

and individual fibers are flooded. The doctor then osrapes off the eoxess 

leaving the valleys full and the ridges clean. At first glance this may

seem to be a desirable situation, for the sheet has, on a small scalo,

a more uniform caliper than existed before. But the printer is not

interested in a unifor caliper only. He prefers uniform weight of coat-

ing, sinee the amount of coating determines the tone and receptivity of

ink. The isolated, uncoated fibers .my ause kips and picks is his 

presses. This would sees to ake doubtful the application of this osater 

to a process of machine coating for an extremely light, uniform coating

THE INSTITUTOF PAPeC CHEMISTRt I
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to be used in rotogravure presses. Samples 2 and 3 are llutrations

of a light coating ade with and without ao.u. the surface pattern

ade by the doctor' is ore readitr een 'wha dji ad water (Sample 4)

and carbon black amplee 6) coatings are. applied. For a lower

examination of the esrface oharaoterietios prodeled by the doeter

blade, refer to photograph, 71gpures aa g.

The doctor is not an ideal method of regulating coatiag

weight. Sine, it 1o rigid, oele particles and lint are caught under

the blade and eause streaks. Actually, a rui of ae Bore thaa 30 aeeonds

has been made fre of streaks. The blade ooeld tialy bo cleared lt

pashiag it avay front the web for * a t. a nt. nsinag risoous eoatinge,

surface tension aonetime pulled coating color behind the trailing

edge of the doctor to cause streaks. The doctor blade, when set for

light coats, projects beyond the coating head face. hus, is operation,

a thin stream of color floe around the blade to form a border at the

edge of the sheet. This can be seen ia Sample 2. theos things are not

of great importance from a commercial standpoint, for they can beo

corrected lr proper design . Soe very good coated samples were produced

(e.g., Samplee 812), bat they aay be the results of proper doctoring

action and not neceeearily unique to the process.

- : ..---Forced- iwpreoaattonror ponetrationeof theoporous web by fluid

substances is the principal effect attributed to vacuu. To prove that

such penetration exists is wry difficult for ther are no good analtical

THC INHTITUTK Or PAPER CHICMITRY
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Figure 6
A photographI of the surface of a sheet coated by the Knight-Bowland coating head.

The coated weight is 14 lbe. (25 x 40--500).
Vacuum 20-inch fg.

All other conditions are the same as those of Figure 7.
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methods available for this type of penetration oealuatioe. Tieal

comparisen ef samples made with and without vaturn reveal nothing.

Most of the starch ai a coating color is associated with the water ad

relatively little with the clay. The water will, of course, penetrate

the sheet whether vaeum is applied or not, the degree ef peaetratin

dipeading upon the local poroeity and elapsed time before drylag is

completed. It ie obvious, then, that a sample which has taken longer

to dry than another would show more water and, ooneequntlj. more starch

penetration. Aa analysis of the depth of penetration of starch iato the

sheet might, therefore, lead to an Invalid oonolumian. Oroes seetioen

of several coated samples made with and without vacuum wre prepared

Photomicrographe of oe such series are shown ia tigtre 9. These real

very little if any penetration, but cannot be oonaidered oaeluive.

The area examined in a agnified cross section is so sall in comparison

with the total area coated that no valid conclusions can be reached from

a limited number of obeervations. If a large number of arose sections,

selected according to the procedures of statistical analysis, were

examined in a more extensive study, perhaps some decision could be made

rith confidence.

Penetration Is desirable for obtaining greater anchorage of

the coating particles. !APPI has established the Dennison wax pick

teet_as a measure of-surface strength. In-this work, a series-of-15 -

samples of various weights hare been tested with the Dennison wax test,

THE INSTITUTS OF PAPER CHEMISTRY
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burt ther show no differences of praotical signiiicncr between samples

made with and withont vacuum.

We or* forced,-then, to resort to some secondary, indirect

method of shoving penetration of the oating IA series o tests were

designed to simulate defeats in the shoot. Than kbrosine, sthazolg'j

pine oil, ]k Pont AP 199 wetting agent, 'and Vater wes spraysj 41th an ;

atomizer onto the web. Ucoh'abgoadca 9iiaaed'a aharaoterletto pattern

which vaccry could not overcome. In each case, the IIOU~ paustkated.

almost Instantanoeously through the 96sot. When drops el lubilidking

oil wrer placed an the web, it slowly penetrated the shoet. When Vacuum
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Preoot

Preooat

Rhwstook

0-ina. vac

20-in. vaseai

Ooating
V 1iht

(25 x 40-5z0),
lb.

0

1.6

0.8

Ghrlie Porosity,
se./100 O *c

34

76

6t

2APPI
Size,

36

33

33

Coating

Precoat

Bavstock

O-in. vacusu

20-in. vacuum

Taoeuna
in. kg.

0
20

0
20

0
20

Coating
W tght

(25 x 40--500).
lb.

40.8
403«

1.6
x.6

$ 2~:

Dennioea Vex
Pick Teot

7A

7A

SAgisaL

or no increase in

fronted by a lack

bonding strength. Once again, however we are con-

of precise or absolute testing methods.

One important segment of the converting Industry it that which

is devoted to wax treating of paper. Several experimental rue were

_ adoe to teet_the feasibility of using the experimental eater for wax

emaleion and hot-mBlt wax applications. A 30%-olids trese wax

emulsion was used in the first rune, The behavior of the wax emulsion
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was very sidlar to that of the starch pigment coating. Control of

coating weight was difficult because of the low viscosity of the

mixture. Howvoer, it was found that 35% or higher solids eaoleions

were too viceus to flow properly. Samples of wax coating weight of 

0.2 to 20 lb. (25 x 40-500 rea) were produced. Saple 13-1 6 are 

examples of typical emlsion oeatings. Bet-nelt ooatings proved to be

more promising. Paraffin was malted in a caa ever a hot plate. The

wax then floed through rubber tubing to the coating head. T head

itself was heated to slightly above the melting point of the wax b 

the use of strip heater. The any difficulty experienced was that

caused 1 freezing of the paraffin in the vauea sqytem. In fact, the

vacuum lines became inoperative after only 30 ecends of running time

and had to be cleared between tests. Coating weights of from 7 to 114 lb.

(25 x 40O-500 ream) were made. The were extremely sooth and een. The

light coats filled in the valleys of the sheet. but left a great number 

of fibers exposed. However, there were not enough exposed fibers to

bond the coated surface to another sheet when glued with a starch ad-

hesive. A large amount of wax completely penetrated the web. but there

were no apparent differences between samples adte with and without vacuuma.

Samples 17-22 are example of some of the hot-melt coatings.

Several wax-coated samples were subjected to water-Tapor I 
-permeability tests to-deteraine how well-the-vax had sealed the sheet. _li

The precision of the test is very greatly influenced by pinholes and i

wax distribution. Therefore, in order to ake an adequate evaluation, 

Ai~ TMTE INTirITUT Or PAPER CHCMIST V
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a large nmber of tests would have to be made. In able II, a series

ef samples are listed, together with their water-vapor permeailitiee.

Because of the viie variatieas, ldplicate determinatiens have not been

averaged.

fABm II

VATIB-VAPOR PRILNaIILI T 01 VAX-OAZD SAoIPLJ

Coating Weight
(25 x -5o00),

lb.

0.2
0.4
0. *

12.5
17.5
17.5*

7.1 
9.3

g1.6
19.6

Vaconm,
ai. NBg.

0
so20

20

2020
20

Hot Melt

0
23

0
23

Vater-tapor Permeability,
g./24 hr./sq. .
Teet 1 fest 2

1027 991
6351 - - - 955

1260 USo

414 36-9
15.9 18.1

955 S25

85.3
47.4

0.28
0o,41

236
18.4

0.32
0.52

* The wax in these eamples was fused by exposing the coated surface to
the heat of an infrared lamp for a few seconds.

- - -- fro -a-pure -mechanioal-standpoint,- several interesting things _.

might be pointed out regarding the effect of taoma. Variations in

samples within a group prevent making alid comparisons of the effect of
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vacuu oa osating weight. However, it is kaovn that Tvacum draw a

large amount of ooating into the vaoeuu chamber. In fact, the liqaid

trap in the vacum esto of three-quart capacity beeomes filled in

about 5 minutes of running tim. It will be recalled that the Tseam

syteo free within 30 *secoans hea coating with hot-melt wax. Daring

a normal runa the coating head presses against the web ad baektng roll

with a pressure of 6.9 p.s.i. Vhea a raean of 24 inches of meroary io

applied, the pressure is increased to 7.6 p.s.i. If we assume that the

difference is concentrated at the vacuan *lot. then the additional

pressure at the vaGcs slot is 5.42 p.s.i. or 11 inches of mercury.

fhas, not quite half ef the available pressure drop is used in holding

the web against the vacma slot. bWhe seating with a typical eolor of

about b2% solids, the fluid had pressure in the coating chamber has

been measured as 1.08 p. .i. operating without vaconm. Then the vacuun

is turned on, the pressure drops to 0.35 p.s.i.

Knight stated that an advantage of prior application of vaccsa

to a porous web is that it removes a stagnant film of air which lies on

the surface. This film is believed to interfere with wetting of the

fibers. It is logical that, as the web passes under the coating head,

a certain quantity of air is trapped on the sheet. Tacnu. would remove

this trapped air, while the backing roll and resistance offered ly the

sheet, as well as-the short time-interval, would-preoent its replacenent.

Under these conditions the creating could then be applied over a surface

free of air. However, it may be questionable whether the air fill is the
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factor controlling nvtting, or whether it is sorely a secondry or

minor delaying factor. If drying were instantaneous, this delay might

become important and would have a great effect on the quality of coat-

ing. However, drying takes a relatively long period of time. Ia

comparison with the total tie available for wetting, the delay ooased

by the resistance of the air film my be of little importance.

hased upon the resulted of the work doae, it cannot be positive-

ly stated that vaectm does or does not have an effect when applied te

porous webs. Bflvr, the inbdeations are that, if there is an effect,

it i very light. The original laboratory work condneted I Knight

seemed to ndoiate a greater effect than was evident in the pilot-scale

study. Several facters might contritte to this lack of oorreboratioa.

heept for one run, all of Knight ' coneclusions are based upon samples

coated with a dye and water mixture. Such a mixture does not have finite

particle sise as does a standard coating color. Vhen standard coating

colors are used, It seems logical that the wob factions as a filter to

prevent any penetration of pigment particles. In addition, the greater

proportion of Xnighte's ork was done with the vaomu applied after, not

before, the coating color. Another important factor is the phenomena

of surface leakage. This is of great magnitude, since vacuum removes

the coating which lows around the edge of the dooter blade, a purely

surface aotion.- Perhaps-eore important is the-faot thatif we assume

a sheet speed of only 80 ft./min. (far short of commercial operations).

a given segment of the sheet is in contact with the vacoua chamber for

U
THE INSTITUTE OF PAPER CHIMISWRY



The Iastitute of Paper Obheattry Progress Report QOn
Project 1271 Page 39

only 0.04 second. If the very marimu of pressure drop is assumed, it

can be only 14.7 p.e.i. Thus, there is a rather mild pressure acting

for an extrealy short period of tile. It sees probable that vacuma

does not have any great control over the penetration of a material as

viscous as coating color.

;UMeaM r 0o COgCLU3IQ0S

The mechanical functions of the Knight-4owland coating process

d ght be divided between those performed by the tacuns system and those

of the coating color chamber and doctor blade. The greatest Importance

is attached to the vacuum action, since it determine the unique value

of the process. However, from the test results, it is difficult to say

that vacuum does or does not have an effect. Deanisen wax plok tests

shoved no significant difference in surface bonding strength between

comparable samples made with and without the use of vacuum. Cross

sections of coated samples did not indicate that vacuum pulled the color

deeper into the pores of the sheet to ay apparent degree. Vacua m does,

however, exhibit a sweeping or cleaning action on material lying on the

,'1 surfaceac. The use of vacuum does not necessarily guarantee a smoother,

more evenly coated sheet.

I,3~ ~ In operation, the coatlag cha-ber provides a large excess of 

--- - color that-floods-the-valleys and-exposed fibers-of the porous web. A

doctor has been found necessary in order that the weight of coating

applied can be controlled. The surface characteristics are determined

THC INSTITUTE OF PAPER CHEMISTRY

l.I

I
1!



ohe Institute of Paper Chemistry Progress Beport One
Project 12T1 Pago 40

by the doctoring action. Thns, the appearance and printability of the

coated shot are funotione of the operation of the doctor blade and,

as such, are not necessarily unique to the process. 

la a laboratory study of the Knight-Rowland coater or sillar

equipment, potential industrial application should be a matter of 

primary ooncera. The presentation of data and conclusions drawn fro

these should be considered ia light of future reiew by the industry,

as vell as from an academic standpoint. Coating on an induetrial sale 

with the Knight-ovlad eater should be a rather siple, alseet aute-

matic operation. The coating head is a compact versatile unit which

oould be installed almost anywhere in the paperaknag proceseo aohinery.

It an be need to apply a great variety of fluid materials over a aide

range of vieoesitiee. Hoveer, the aomrc effect, if it does exist, my

aot be sufficiently prominent to warrant the expense of installation and

maintenance of the necessary auxiliary equipment. lith general industrial

application of primary importance, it can only be concluded that the

Knight-Rowland coater is of questionable value as a contribution to the 

coating industry.
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Sample 2. A l16j' ooat. 'Coated weight 4.2 lb.
(25 x 40O-500) 0-inch Ag vacuum.
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Sample 3. A light coat. Coated weight 5.1 lb. (25 x 40-500) 20-inch 
Hg vacuum. All other conditions vere the same as those of Sample 2. 
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144? Baupl. 7. The surface pattern' of a light coat. 20-inch Hg
vacona'. All other conditions wore the eame as those of Sample 6.
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hapi 8. oated weight 6.6 lb. (25 x 4o-5oo); 0-inch Hg vaum=.
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Samp&9.Coated weight 12.0 lb. (25 x 40-500); O-lnoh Hg vacuum.
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Sample 10. Coated weight 16.9 lb. (25 K 40O.-500); 0-inch Hg vacta.
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Sample 12. Coated weight 46.8 lb. (25 x 40--500): 20-inch Hg vacuum
All other conditions were the same as those of Sample lL-
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Samole 13. Wax emulsion coating. Coated weight 0.2 lb. (25 x 40--500);
0-inch H~g vacuum
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Sample 14. Wax emulsion coating. CoaIted weight 0.4 lb. £zs x 4O~-S30)f24-inch gg vacuum. All other conditions were the same as those of Sample 13.
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!2,1 Sample 15. wax emulsion coating. Coated weight 12.5 lb. (25 x 4-0)
O-Inch Hg vacuum
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Spmnlet%~0 Aor-melt wax coating. coated weight 14.5 lb. (25 z 40-.5oo);
0-inch Hg. vacuum
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5Smple 21. Hot-malt wax
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