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INTROIVOTION

George Xnight, during the o@oﬁruu of- hi-‘:lnveoﬁgatlbn of
surface wettability, observed certain phenomena concerning the
:‘! offoet of a vacunm on the wettability of porous paper surfaces. The

9 principles he deduced from these observations were recognised as

having possible merit in comneotion with the coating of porous webds

and wvere patented as the Knight-Rowland coating process (U. 8. Patemt
No. 2,471,330). Proeject 1271 was initiated to evaluate this process
vith particniar roference to its applicadility to a contimuwous paper

wed in the Institute's laboratory coater.

THEORETICAL CONSIDERATIONS

A porous mto;ial. such as a sheet of paper, will allow

(within 1imits) the passage of fluid eubstances. Thus, if a sheet

of paper 1s used as a menbrane between two chambers, one of which has

amhigher fluid pressure than the other, it will permit passage of

the fluid until the pressures are equaliszed. The pressure differential

exliating between the two chambers serves as a driving force to move

the fluid material through the interatices of the porous membrane. It
~ ... _can.be. shown that’ the same principle applies when the two chambers are

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

The wall or bdarrier detween the two chambers is ian contaoct with one
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side of the sheet. DBemeath it there is arcated a lateral flow of air

or fluid coating material from the high-pressure to the low-pressure
chamber. Depending on the porosity of the sheet, there is a tendengy
far any f1uid in contact vith the shest on the low-jressurs side of

the darrier to be drawn into the sheet. Fitted:tightly to the opposite
side of the paper is a noapereus material. This arrangeseant 1s, in
certaln respects, similar te h.avi.ng the chalborl on oppesite sides of
the web. !ho fluid m tho high-prumro chamber is once again separated

3 from that 1a the lov-pronnro ohanber by a porous mestrans. However,

P,

it $e not l.mtul to ene uroet yath but may take several, utilising

thoss whigh oftor tho least rulstanoo. )
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—“ mght d.oﬁaod thase pathl a.l 'Ieakagu. Figure 1 is an
"- ulutra.ttn of tho possible fluid paths. The rclativc izmportance of
! ‘% the flov along sach fluid path is dependent upon the porosity and
emoothness of the porous material, as well as upoa the pressure
-' differential and time interval involved. TFrom the illustration, -tho

function of the nomporous backing material is apparent, for it can be

seen that, without the backing, a significant differenoce in pressure
between the two chambers would not ;xiot. The dacking serves to reduce
"the amount of leakage of alr vertically through the sheet under the
low-pressure chamber, confining the flow i:rinarily to a direction along
“. -. :.the sheet. rathet than throngh the sheet. '

A logical extension of this principle 4s its application %o

' THE INSTITUTE OF PAPER CHEMISTRY
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the coating eof paper. ZTims, tke high-pressure chamder would contaln

" coating coler as its fluid. The other chamber eould be evaguated to

obfain the maximsm pressure differential. Ooasimg coler, at the ﬁishor
pz-Qu'u_-o. would be drawm or drives teward the evacusted chamber and
penetrate the interstices of the porems sheet. Some penstration of
coating material 1s desirable as a means of anchoriag the coating $o
the paper, particularly ia the case of surface areas which are not
uniforuly and readily wvetted tw the eiuthg at the tine of application.

Poaomr
aLs

- Limiting the scope ef the theory to one evacuated chasber,
& poretds veb, and atmesphefid pressure, -1%:1s conceivabdle that, as
Knight ‘states, .'Yauﬁn'hu an appreciable effect on the same surfaoce
S0 which 1% is applied and at an appreciable distance frem the ares
of application.' Phis principle shovs that a fluid material oan, in
& manner of speaking, be forced into a porous surface by aiphing a

" vacuum to an sdjacent ares of the same surface.

Genaral

Proyeu on this projoct was, and to a large extent still
is, cl!.rectly dapmdont apon tho oxporimtal equipment which was, or
ccmld bo. mdo avaihblo for 1tl aolution._ As is frequently t tho case,
a grut deal dopondod pon auxuiary oquipmnt. The foundation for

THE. INSTITUTE OF PAPEW CHEMISTRYY
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devalopment of the equipment used vas a laboratory roll coater erigi-

nally designed, but never ontiz;oly ooapleted, for ooat;ng rolls of

rav stoak 10 inches wide and 36 inoho_l in diameter. DBefors wodifica-

tion, it oon;s:ntd or_n nn-rooli.ng stand and 2 pair of ooht;ng rolls -
20 inches in dliamster, one of vhich was surfaced with brass and ene

vitd rubber. There vere no drying facilities. Ons of the greatest

prodlems was %0 aoquire adequate drying capacity.

" Jehind th§ sntire project vas &' ocartain dogrees of urgency
whioh mede 1t &1ffieult o undértake cettaln long range improvements
in the equipment becamse of the $ims elemeat. Tharefore, it became
Recessary to employ temperary measures in eome cases vhich, it was
hoped, ‘vould satlsfy the immodiate requiremsats. The first af Vhese
measures was the installagion of an electrio hot plate as the 1nit1al
step in the development of drying mpgggt;. This furnished a teampera-
ture o.f. 180° C. ever a distance of 10 fast of travel of the wed. Its
capaocity soon proved inadequate. A wnit hesater was .‘;_nutallod. to provide
air circulation and t0 blow warm alr over the hot plate. Them, as the
next stop, banks of infrared lampp vere added. Even with these additlons,
the drying capacity was stil1l inadequate.

Another possidle approach to the prodlem of Arying was to
lengthen the draw of the coated web. The draw through the machine vas

trated in that 35-foot span. This msant that, vhea the machine vas

THE INSTITUTE OF PAPER CHEMISTRY:

started atss— -t-oot; therefore, all drying facilities had to be concens - -—- -
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yunning at %00 £4./min., 1% was necessary to dry a coated sample in
abont five seconds. A LO-foot addition was made by constructing a
tunnel ef cardboard in the rusners of the machine fowadation. Air

: floving through the tunnel vas neated by e wnit heater and, later, by

‘ the addition of steam-heated pipes. Alr temperatures of 75° 0. were

p: recorded at the exit. Auxiliary rolls vere placed in such a mamner

that the wed made two passes twitﬁ‘ tunmel. The nert stop was

to install an idler roll at & considerable distamce from the machine.
Vhen the wed was throadoﬁ through the idler roll, the draw was increased
te 90 feet, tut one 20-foot pass thurough the tumnel drier was eliminated.
Steam pipes were arranged to furnish additienal heat to the webd during
tts travel to.the idler roll.. -

In spite of a three-feld increass in drying time and a sub-

. stantial increase in the amouvmt of hsat upplio&. the drying facilities

were far from satisfactory. I.aok of proper Adrying led to a host of
operational difficalties. For example, axy coated samples which vere
vouml.nt were ruined. Becanse of the nature of this coating process,
it {s not possidle to treat the entire width of the sheet snd, hence,
a strip of paper is left uncoated at each edge of the web. These strips
of unvetted paper mmst bear a proportionally greater tensile streas
than does the wetted body of the sheet. Therefore, it is almost im-

-possible to-contrel wrinkling. Vhen the draw vas lengthened, othar

serious probless boohe evident. Vrinkling vas intensifisd, it becans
e :

fi,' THE INSTITUTE OF PAPER CHEMISTRY
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sore diffienlt to keop the web on the rolls, and the strain on the web
was 80 great that ropeated bdreaks necessitated frequent rethreading.
E: Since drying was still inadequate, attempts at continucus operation
‘were abandoned, and the drav vas shortened. Samples vere dried by

g holding them in the tunnel drier.

Description and Use of the Original Ooating Device

Because of the urgenay and high priority assigned $o the
Project, 1t was nscessary %o accumulate data ‘on the cperation of the
coating device ever as dovolop;nt‘vork cﬁtho coating machine was
'boin; oan-iod out. ngu-o 2 1- an mutntton of the original pnot
plant-sealo ooati.ng head, Iuid m.tmu h fod into the muid-
shaped chamber and flows threugh a rectangular orifice called the
"coating alot." The width of the coating slot may de varied hy using
one or more of several machined metal inserts. A =metal divider soparates
the coating mixture chamber from the vacuum chamber. HSeveral thich_-
nesses of dividers are available for substitution. The width of the

vacuum slot may be changed in the same manner as tho coating slot.

The coating head was used to coat the wed from several
different mounting positions on the machine. Thus, at some time, the
wob was coated fl;Ol the top, th.-bc_nttn. or in a vertisal drav. The
‘mount for the head was 'd'iff'ci-icit"’f;r—"éa"ch”or these positions. Rxperience — -
showed that several foatures were desirable for a workable coating—head

mount. It was determined that construction should de such that the

THE INSTITUTE OF PAPER CHEMISTRY
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ceating head could be removed casily for cleanming. The mount should
allov sizple,yet precise adjustments to be made vortically, horisoatally,
and at an angle \dth tln plua of thc sheet. !horc mst be provhtn

for the use of a nonporous bad:h‘ phto. l'ho mouat lhw.ld be m.tnct— |
od 80 that a contrelled and reproducible pressure can be applied between
the coating head and the shest. The mount, a part of which is illustrated
in Plgure 2, had some ef thess features. Yertical rods were bolted §o
opposite sides of the machime frame. Othsr rods were fastened horisen-
tally to the vertical rods w right-angle olamps. The coating head was
then attached to the hori.:ontnl rodl W bolts and swivel o:l.upo. !‘hu.
the coating doﬂ.co could bo raiutl or Iovorod at un. or eaoi]: l..
tached. In px.:a;tiu 14 was fownd that the farce of vacums -um held

the backing phte agninlt the tra.nling \rob and eoating mfaoo vﬂh

such preasuro that the lhaet was torn. !hnroforo. two small Bprinp

were placad. over the pegs uod. for holding the ba.ct:lng plata. 'h.n the

springs compressed, they 1tnitod. the pressure against the sheet.

Qualitative data on the operation of the coating device re.

‘vealed several ssrious inadequaciee. Changing the width of the slots

was both laborious and time consuming. AMdjusting the inserte sc that
they presented an absolutely plane surface, an important feature 1f

the eoated surface is to be smooth, was almost impossible. Some sert

“of doctoring seemed to be-necessary -to-control -the weight of the ocest-

fng. Such dootoring could be most eoffective when it is an integral

part of the hoad The mmtlns device vas mdequato because 1t vag

THE INSTITUTE OF PAPER CHEMISTRY
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not precise. .The coating head could mot be returned exastly to its
original position onee it had been removed for cleaning or adjustment.
Erg-oozpamivity offoctu nado ooating of a wider portion of the sheet
desirable. !lnu. cperatiom were !.ntorruptod for a tilo to pomt )
construction of a more effective coating device sxbodying design '
features which were d1sclosed during sxperimentation with the. first

model,

Description and Uss of the Soeiml Coating Device

Hml 3. h. 5. m S'm vlm of the second o:porl.mtal
ceating head and 1%s mount. It was m-tmtd of bdrass.. !ho taoo
of tlu conting head vas nias inches wide ln the crou—mdzm d.ireoti.on.
and sever inches long in the machine direction. It ceated eight inches
of & sheet ten inches wide. ¥The operation of the coating device may
be visualiczed from the figures snd accompanying key. V¥ith this device,
1% vas poseible %0 make positive and precise adjustment of the ecating
and vacunn slots, the angle of the coating face with the backing roll,
and the pressure of the face ggainst the wed vhile in operation. The
uge of this coating head and the engsuntering of certaim unfereseen
difficulties made further modification of the head desiradle. The
doctor blade soom proved t-o be unsatisfactory, becanse ssmples wvere

- - - —produced with-heavier-coatings en the edges than in the mddle. One

* Disregard mmmbers in circles on l‘lgu.ro 6. These refer to drawings
b net included in this repars.

1 THE INSTITUTE OF PA|PI.R CHEMISTRY
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Idutifiutien n.ul Jonction of fartm )
" Rxperimental Geating M 35
(Hgnru 3, 4, & 5)

5. Coating-coler qutlet

LI

6. Connecting pipes of the vami vutu
1. m-m gear train o vary vmh of tho u&t
5. D_octor blade
9. Adjusting screws for controlling height of doctor blade
10. BSet sorews to lock docter in place
11. Coating slot
12. Vacoum elot i

- S . . _ 13._ Doatén gear train to_change vidth of vacium slot

: Note: The arrows indicate machine direction.

THE INSTITUTE OF PAPER CHEMIBTRY?.
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A view of the second model coating head and its mount in operating position
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Figure 5
of the second model coating head face '
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source of trouble was traced $0 the faoct that the dadcking roll was
slightly crowned, wvhereas the dootor had a plane surface.. -Oriading

- the dootor ‘o the erewvn of the roll lessened this difficulty te soms -

extent. However, tho original head had but one adjustmsad screv for

.

the doctor which was mdoquto for keeping it in an@mti -h;néo
LT «a'l‘ :
it was nearly upouiblo to oltabnlh mctly the ri.sht durlnoo

W ""

across the face. Subastitution of two ad:uting lcﬂn hnlpod. to

correct fhil situation. It vas not posai.blo to change thn pocli;tltn
i :1- }A?
of the doctor while in operatiom, since the set scrows (10) had e be

Yoo the

tight $0 prevent leakage. Ry removing the screw adjustmt and u.fotr
spring on the arm of tho -mt the ooat:l.ng had oenld bo t:l.ltod. back

e SRR .._.,,"p.:“_

R

for cleaning. !hn safety -pring allovod nvmt or tho ooath; hul
to prevent dango to the ooaung face or baetlng rou 1f B0R® o'b:oet )

vora to lodge between them.

Experience gained while working with the first ccating head
shoved that a backing plate was desirable from a practiocal standpeint.
It has besn pointed out above that, theoretically, a nomperous backing
material ;l necessary to obtain the vacuum effect. I!: practice it was

found that a backing plate tended to overcome the spurting of coating

material uauad W pulsations of the feed pump and $o preveat skips

_ of coating resulding m- a.‘..r 'bnbbloa in the ocoler. Amother important

fonction of & backing plate is $0 furmish a 'bea.rhg' mfaoo for thn
doctor blade. Therefore, the new costing head was mounted so that the

large-diameter rubber-coated roll vonld serve as a backing. Since the

THE INSTITUTK OF PAPER CHEMISTRYT
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roll is driven at the same speed as the sheet, it adls mo drag:’ In
addition, 1ts surface smooths cut any wrinkles in the wed vhich might

Tlow of coating material to the coating hesd has largely -
been accomplished through the use of pumps. ~Im the first instAllatiém,
a centrifigal puxp was used but it had ineufficient capacity, and 4id
not operate well omn high-riscosity materials. At preseat, a ano
serev-type pump is in use. Coating material flows by gravity and
suct{on to the pump from a oopper storage tank. Digcharge froy 5?? i
pump can be routed to the coating head or thrcn;h a hypass huak %itlu
tank, A eirculating line rotnm tho exooss ccating from the heid h

PR LY u&.;\l'l'
the gtorage tank. %he pressure ef the fluid u tlu mﬂng dlal\n

N TP
controlled by throttling the retwrn line. Ia another aysten, the

helght of discharge from the head vas variable, thnl mming a uro
precise and reproducidle measurs of the prounro The fluid w ﬁt

(25 sm""

the coating slot varies with the viscosity of the coating mizture Mut,

vith normal conditions, it is mot very great {of the order of 1 pis.i.).

Since the flov of coating is low, throttling of -the retwrn line is
usually not necessary and most of the material pumped is routed through
the ‘bypaal; Special runs made the use of the pump inadvisadle. In
and hose arrangement. he pressure was varied Yy adjmtin.g the height
of the funnel. The return line was plugged with a rudber stepper.

THE INSTITUTEIOF PAPER/CHEMISTRWY ',
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The vactum chasber is connected to the gemeral vacunm system

ty means of heavy walled rubber tubing and a liquid geparaser.

‘The foregoing descrived coating head and auxiliary equipmeat
developed during the course of this work will be availadle for potemtial
application in a wide variety of coating probdlems that the Iastitute

may, investigate in the future.

Procedures

An 1desl procedure for this evaluation womld be to start the
coating machine, adjust the coating dov:leo to produce samples under
varicus vacuum comutions or wveights ef _coatings, and te hol.agoﬂw
effoct of any variable for cemparison u.a single rua. supl_c!”m.
of tears and wrinkles would thereby be obtained for later |t'nd.7.A With-
out adequate drying, however, this was not possidle, and lmoxfg,if_rlll

continuous operation with adequate drying has not yet been !}‘30{!';",_ :

The experimental procedure was rather flexibhle and varied
from run to run as changes were made in the drying equipment or coating
head. 7The coating mixture was usually prepared the day before a given

ron. The details of the preparation method were as follows:

THE INSTITUTE:OF PAPER CH!HISTR‘*-
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Preparation of Olay-Starch Coating Qolor

Composition

Starch
Clinton modified, g-. 1360 .
Vater, £. Plus steam condensate 3875
Clay slip ‘
H. 2. coating clay, g. j‘gg
Yater, g.
Quadrefas (dispersing agemt), g. %
Yater, g.
Coloring and preservative
Tast red 2BL dye, &£. 1 s
Lignasan, g. 12 o

The starch is cooked with water Yy the use of direct ltm
in a conical-bottom copper kettle. This suspension is agitated -
continunously with a Lightnin' mizer. The clay slip to be _blended with
the cooked starch is prepared in a Baker-Perkins mixer as follows:
While the clay 1s being stirred Yty the nixer. the vater is aided aléwly.
After the clay has bdecome thoroughly wetted, the Quadrofas is ad.dod.. e
The dye solution is prepared ty dissolving the dye in 200 to 300 ec. of
boiling water. The starch, clay slip, dye,and Lignasan are finally
mixed in the copper kettle and then stored in a covered S.gallen can

until used. Using this procedurs, a coating mixture of about %0% solids

THE INSTITUTE OF PAPER CHEMISTRY
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Preparation of Cardon-3tarch Coating Color

Gogoai tion

Starch

Clinton modified, g.' 685

¥ater, g. plus steam condensate 1985

: Carbon slip

Carbon black (Statex B Densge), g. ™25

Yater (60° C.), e. 5550
Marasperse OB (dispersing agent), g. 15 -
Yater (boiling), g. 1000

The method of preparation of the carbon slip is essentially

the same as that for the clay elip. It is necessary to use water of

.
PR PR W

60° ¢. in order to properly vet the carben. A coler of about 18§

solids wvith a viscosity comparable with that of a alay coating of 3%
to 404 1s obtained from the above formula.

Just prior to use, the color was stirred for at least 0.5
hour with a Lightanin' mixer, precautions being taken to avoid "heating?
air into the color. When drying equipment was to be used, it was
turned on (with the exception of the infrared lamps) one hour bdefore
the start of the run. When the first model coating head was being
used, the necessary adjustments in thes width of vacuum or coating slots
were made Yefore operation. It was necessary to completely disassemble

the eoating head to replace any of the inserts which _\;ere- used for

adjusting the slot widthe. A somevhat different procedurs was used with

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

THE INSTITUTE OF PAPER CHEMISTRY
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oorrect height. The head was then laid against the wed and backing
roll and vacunm was applied. The angle of the head was adjusted te il
that peint that gave a -a:im vacuun reading. The angle adjustment - 1! 5 J

was very critical and centered adout the trailing edge of the vacuum

slot. This position proved to be the best with regard to quality and

,
|
ease of conirel of oeating application. The machine was them started ."
and coating applications were made. Yhen a few feet of paper had deen [
coated, the feed pump arnd machine wvere stopped and ths sample was
examined. Any uneverwss caused Yy misalignment of the doctor blade
was oorrected. This procedure was repeated until the doctor blade was i}
in the beat attainadle position to make samples of the coating welght

desired. Yacuum conditions or other factors were varied and samples

vere made. BEach sample was made individually, after which time the g

machine was stopped, the coating bead ti{lted back and cleaned, and the i

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

pachine. ‘ -

SUMMARY

A total of 29 regular coating runs were made, 11 with the

first model coating head and 18 with the second model. During the

course of the experimental work, coating colors of 40 to 65% solide

‘wore used in making samples of from 2 to 41'1b. (25 x 40--500 reanm)
coating weight. In one instance, a coated sample of 84 pounds coated
welght was produced. A machine speed of 70 to 400 f%./min. vas used.

THE INSTITUTE OF PAPER CHEMISTRY
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Vaoumam conditions from O te 24 inches of mercury wvere iavestigated. 3
The last ten runs were made with coating mixtures other than starech- ﬁ

olay color. They are of speclal imterest and will be discussed in

some detail later in this report.

HEJULTS AND CONCIUSIONS -

Throughout the history of the paper 1ndus€ry. which is |
tradftionally conservative, there has been a tendency to rely on rule-
of~thumb experience rather than on scientific facts becanse the :‘Eattar
were lacking in many cases. Only recently have ph;ni‘eal teitiné- ’und.‘ “ 1 |
basis ressarch begua to catoh wp to the iadustry's needs. ﬂ'.-,_féaﬁl!‘. H
processes like other papermaking and eonnrﬁpg operations are _1n; '
adeguately fortified by good amalytical tools. This lack ef ;phyu‘ical

tests has bdeen very strongly felt in this study and made it difficult
%0 draw valid and definite efforts to conclusions from experimemtal

work deme in evalmating the utility of the Enight-Rowland coater. TFrom

DT Faba

this project, there i{s at hand a wealth of gualitative data bus 1little

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

results of individual experiments, except where they merit special

consideration.
4

- - |}

—— s — _—— - — —— _

The collection of ii@iﬂcant data vhen using the firet coat-.

ing head was hampered by the fact that reproducible operation could not
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be aschieved. It was not poussible, as an operating proecedurs, to retur
the coating head te its original place when it had to be removed.
‘%earing and breaking of the web-wers all too frequent ocouhmnces. This, |
of course, stopped opsrations until the machine had bhesn rethreaded.
Hatters were further compliocated by the nature of the coating coler
vhieh' is Shixotrepio—that is, it gels upon standing without agitatien.
Thus, the ocolor left im the head wvhen the machine is shmt down (ovu
though for enly a fev mimutes) "gete® in the lines and the eoating dot.
This noeoslitatca_a thorough cloa.nigg- Therefore, it was never hm
for certain that any two givan ruas vers identical. Zarly assumptica
that tw runs wvere the sase lad to erroneous conclnsion. Ln omlo
can 'bo dtod to :lllutrato th:l.l. A run vas n;d.o tuing a 1/8—1!0!1 eoat-'
ing slot epening Ito_ produce a 40-1b. (25 x 40--500 ream basis) coating.
‘Phe slot was reduced to 1/16-inch and, with other conditions spparently
remainiag the same, a 10-1b. coat vas prgduced.. This led to thg con~
clusion that th; vidth of coating slot could be used to control the
waight of coating. l'ork with the second model coating head, however,
showed that, under the conditions of its operstion, the width of the
coating slet had no significant control over coating weight, even when
varied from 0.006 to 0.375 inch, As has bean pointed out with the
fecond model, wariations in slot width could be made while coating

- operations -were in pi-;grou.. This simplified operations and facilitated
the study eof certain peints. 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 PAPER CHEMISTRYF
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and disassembled. In reassembling it was very difficult to achieve
proper aligamsnt, so that in some cases a slightly projecting insers
_would aet as a doetggrg; Or perhaps, vhen remounted, the angle of t_la
coating face was not quite the same, 50 that the entire head acted
somevhat as a dector. These illustrations emphasize the difficulty

of reaching walid conclusions.

The basis for lesusnce of the patent on the Inight-Rovland
coating process can dbe summarized as the mun and novel application
of vacwun. The primary oconcern of the evaluation of the process is to B
determine just what offect vacuum has when used in coajunction with
standard coating matsrials and 4o $ranslate such data so that ths process
may find applicatioa in industry. In additt-m to vacoum, there are other
factors wvhich may influence the character of a coated sample, variables
vhich mast be accounted for before the effect of wvacuum can be igolated.
Such things as machine speed, width of coating elot, and width of vacuum

alot 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. In ene in‘stanoe an increase in speed from 70 to 225
ft./min. reduced the csating weight from 6.8 to h.2 1b. (25 x 40—500
ream basis). Although the work done on the effect of speed was not
. extonsive, it might _hq'_ix;?!c_to_o:! _gro_l_ thg rcgtg.t, obtaj.nad_that an increase

in sheet speed would cause some reductior in coating weight.

THE INSTITUTE OF PAPCR CHEMISTHY

—




5

[ Tok i, S
O SRR

£ P

.
ok
o T

PR
LV, e

.
¥
vy
P
b
'

The Institute of Paper Chemistry Progress RBeport One
Project 1271 Page 25

The width of the coating slet does not necessarily eontrol
the weight of the coating as was indicated im some of the early work.
l’hen the coating alot vidth is decreand. difﬁmltiol are oncmtarod
from plugging with particles of coating color, which causes ltroah ta
the coated sheet. BSample 1 i an example of such streaks. In praouu.
a rather large opening (1/8 imch) was used so that the greater prepertion
of particles would pass through without bYeing caught. The coating slot
seemed to serve no other fumction than to dring a large excess of coating

material into eontact with the wed.

In vorkiag with the izproved coating head, variatiems in the
vidth of the vacmua slot were rather limited in scope bscause of the
sature of the backing rell. It has been pointed eut that the coating
hesd face is & plane surface in contact with a curved dacking rell. As
the width of the vacuum slot is lneorsased, the leading edge is dram
farther from the dacking rell. Under these conditions, leakages other
than those which might cause penetration may be of coatrolliag importance.

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

There are certain cha.ractorist-i.cs desired Ty a manufacturer
of coated paper for his produot. Among them are printabdility and.
appearance. Qreat expense of time and equipment has been made in efforts

to achieve thoso ends. Jt follows that any evaluation of the Knight.

Rovland. eoator or any othnr coating oqnipmt vhic.h vonld 'bo of 1nterott
$o the general manmufacturer of coated paper wonld have to show that the

© THE INSTITUTE OF PAPER CHEMISTRY:
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coater could produce a better leoking and a better priating sbeet than '
the standard which he now uses or else be sasier 0 oontrol ;:“ﬂhor-
viu Rore ocanonieal to oporato. Aa early clan for this prmn was
tho even ud wooth lalplu pro&nod. -4 l.t. It has been foml uuuary.
however, $o control the veight of ooating applied by use of a l.ochr
blade; thorororo, ths appearance of tho coated surface d.pﬂﬂ..lv g'oatlr
upon the astior of the doctor. The first samples wers very hsavy

(40 te 60 peunds), so that little or no dcstoring action vas izvolved.

This comdition might de expected to produce very smooth surfanced samples.

Su.rfau leakage drawvs ooa‘ting nato-rm across tho- umlor

through 'va.llqn' formed Yy individnal fiders which lie on tho sarfaoce

of the sheet. When vacuun 1: uod. undor these conditionls. Nm ;xtrom].y
1light coat might be expected to appear more unifoerm than one made

without vacoum. But, as the sheet is drawn under the coating slot, 1t

1s drought inte contact with a large axcoss of coler, so that tlu_u vglleys
and individual fiders are flooded. The doctor then sarapes off htho‘ ;xoou.
leaving the wallays full and the ridges clean. At first glance this may
geen to d»o a douhlrable situation, for the sheet has, on a small scale,

a more uniform caliper than existed before. But the pri.ntor'u‘not
interested in a uniform caliper only. Hs prefers u.n;fofn weight of coat-
ing, sincs the amount of coating determines the tone and receptivity of
fnk. . The 1solated, uncoated fiders may cause skips and picke in his _ ___
presses. This would seom to make doudtful the application of $his ocater

to a process of machine coeating for an extremely light, uniform coating
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1
to be used in rotogravure presces. Samples 2 and 3 are illustrations r

E

of a light soating made with and without vaouum. The surface pattern
psde by the dootor is mors readily seen vhen dye and vater (Sample b) T ,:;
and carbon black (B8ample 6) coatings are applied. TFor a closer

examination of the surface characterisiics produced dy the dooter

blade, refer to photographs, Figures | uA‘S.

The doctor is not an ideal method of regulating coating
woight. Binee 1%t {s rigid, clay partio}on and lint are caught under
the blade and cause -troah‘. Aotwally, a run of 2o more than 3O seeonds
has been made free of streaks. The blade could usually bte ocleared Ly
pushing 1t away from the vot" for a moment. “’ﬁcinfusiu viscous eoatings,

surface tension sometimes pulled coating color bdbehind the trailing
odge of the doctor to canse streaks. The doctor bdlade, when set for

< 11ght coats, projects beyond the soating head face. Thus, im eoperation,
a8 this stream of goler flows around the dlade to form a border at the
odge of the sheet. This can be seen in Sample 2. These things are not
of great importance from a commercial standpoint, for they can Lo

corrected Wy proper design . Some very good coated samples were produced

(e.g., Samples 8-12), but they may Ye the results of proper doctoring

action and not necessarily unique $o the process.

=~ - = ~ = ~“Porced impregnatfion or penetration of the perous wed by fluid"
substances 18 the prineipal effeot attributed to vactum. To prove that

such penstration exists is very difficult for there are no good analytical
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methods available for this type of penetration evaluatiea. TVigual
compariacn of samples made with and without vacuum revealed nothing.
Most of the ctaroh in a ooating coler is auoo:l.atod vdth the ntcr and
relauve]; uttlo with the clay. The water will, of course, penstrate
the sheot whether vacunum is applied or not, the degree ef penetratism
ddpending upon the local porosity and elapsed time before drying is
completed. It {s obvious, then, that a sample which has taken lenger

to dry thar another would show more water and, conssquenily, more ‘ltu'oh
penetration. An analysis of the depth of penetration of starch into the
shest might, therefore, lead to an invalid conclusion. Cross gectiens
of several coated samples made with and without vacuus were prepared.
Photoniaographl_’of one such series are shown in Hg'nrc 9 fhau rﬂ'oal
vory little if any penetratiom, but cannot be considered oonalusive.

The arsa examined in a magnified cross section is #0 small ia comparison
with the total area coated that no walid conclusions can be roa-ehod from
a limitoed number of observatioms. If a large number of cross u;ctiens.
selected according to the procedures of statistical analysis, were
examined in a more extensive study, perhaps some docis:lazn could be made

with confidence.

Penetration is desirabdble for obtaining greater anchorage of

the coating particles. TAFPI has established the Dennison wax pick

tost_as_a_meagsure of surface sirength. In-this wvork,-a series-of 15 -

saxples of various weights have deen tested with the Demnison wax test,
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Figure 9 ‘ ) o
Photomicrographs of cross sections of paper coated with the Enight-Rowlend
coating head, The upper photomicrograph is of saxple made wi thout
vacuun; the lover, of a saxple made with 20-inches Hg. vacunam,
Phe. coated waights are 12 snd 14 1bs, (25 x L0--500).
The sections have besn made in the machine dlrection. X200.
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tut they showv no differences of practical significance between samples

nade with and without vacuum.

L

Yo are forced, then, to ruort to lelo secondary, indireot
method of showing raotraticn of tho oeatug.q A lertes of toﬁsta were
designed to simlate defects in the lluot. !l;.l koroam, ot.hnol.
pine 011, Da Pent NP 189 wvetting agent, And Water were ‘sprayed 'With an
atomizer onto the wed. BRach chemical prediced ‘m characteristic pattern
vhich vacaum could not overcomwe. In cach case, the liquid psnetrated
almoot instantaneously through the sheet. When drops of lubriéiding
oil were placed on the wed, it slowly penetrated the sheet. 'hcn Tacuns
was not uod. the 011 vhich romlnu} :: tho!!n:;{::oo fonlod:fxe: ‘?oa:il‘g
head to such an extent that oceating application was effectively blocked.
Yhen vacupa was used, it removed the excese, so that the coating appli-
cation was interrupted only at those points where eil had penetrated the
sheet. Much the same result val obtained ‘vhon clay was dnsted on the
wedb. Without vacuum, the elay et;lloctod under the coating head uatil
the coating application was stopped. The use of vacuum swept the
gurface clean, so that the coating application was unaffected. This
work wae repeated with normal coating color replacing the dye and water
mixture. In general, vacuum was ineffective once a material had pene-

trated inte the sheet, but it d1d remove those things which laid on the

__surface, _

Surface tension might De expected to canse a bridging of

coating color between two adjacent fibers so that the walley detween
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i
Precoat
c“tu‘ - U |
Yolight TAPPI
(25 x 40-500), Ourley Porosity, Sise, - \
Preocoat 1b. sec. /100 oc. 890, f:‘
Rawstook -] 3N 36 !‘;
O-in. vacuum 1.6 76 33 ;
IR |
20-1n- YASUDA 0.8 “ 33 : ;E;' :
Coating I
Coating Iy
Yeight _ T
Yacuun, (25 x 40--500), Dennison Vax A |
Preceat in. Hg. ) Ib. Piok Teot fi]' :
Ravstock 0 w08 & iy |
20 ho.8 TA s'i H
AR
O-in. vacuum 0 7.8 TA |
AR |
20-in. vacuum 0 3.2 .7 § ”l[‘ .[
20 1.6 gA (IA1 g
t aill

or no increass in bonding strength. Once again, however, ve are con- 4

fronted by a lack of precise or absolute testing methods. !

One important segment of the converting industry 1s that which

is devoted to wax treating of paper. Several exporimental runs were fiil. i
[t

made to test the {eaaib_ilit}_ of using the axperimental oeatsr for wax

emlsion and hot-mel$ wax applications. A 30f=eolids Kress wax :

ssmlgion was nsed in the first runs. The bdehavior of the wax emmlsion
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vas very similar %o that of the starch pigment coatings. Control ef
coating wveight was difficult because of the low viscosity of the

sixture. However, it was found that 35% eor bigher solids emlsions !

vere $00 viscous to flow properly. Samples ef wax coating weights of - ’
0.2 to 20 1b. (25 x 40--500 ream) were produced. Samples 13-16 are |
examples of typical ewulsion ceatings. Het-melt ooatings proved $o be :ﬂ ‘ .:
moTe promising. Paraffin was melted in & can ever a hot plate. The F |
vax then floved through rubder tubding to the coating head. The head i

1teelf was hoated to slightly above the melting point of the wax Yy
the use of strip heaters. The enly difficulty experienced was $hat
caused hy freesing of the paraffim in the vacuum system. In fact, the |’l
vacuul lines became incperative after only 30 secends ef rumning time

and had %o be cleared between tests. Ocating weights of from 7 to 11h 1b.

(25 x h0--500 resm) vere made. They were extremely smooth and even. The
1ight coats filled in the vallays of the sheet, but left a great number
of fiders exposed. Howsver, there were not emough exposed fiders to

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

hesive. A large amount of wax completely penetrated the web, dut there |
were no apparent differences between samples made v.tt?a and without vacuum. R

I
Samples 17-22 are examples of gome of the hot-melt coatings. l i

|

\

3everal wax-coated samples were subjected to water-vapor

- - --permsability tests to—doteu:nine how well.the-wax had sealed the sheet. — e —

i
The precision of the tests-is very greatly influemced by pinholes and i

wax distribation. Therefore, in order t¢ make an adequate evalmaticn,
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a large number of tests would have to be made. In Table II, a series | !
of samples are listed, together with their water-vapor permsabilities. |
Bocause of the wide variatiens, duplicate determinatiens have not been

averaged.

PARLE II

WATER-VAPOR PERMERABILITY OF WAX-OOATED SAMPLES !
I
|

Coating Veight VWator-Yapor Permeability, E:
(25 x h‘o—"sm)l "m' ‘olah hr-,lq. ", { ! !
1b. in. Hg. Test 1 Tost 2 3
Kress Vax Raulsion l
e s b
0.k 20 - - 631 - ---' - 98§ Il 8
12.5 0 1k 36.9 1 1]
1705 20 1509 1801 | .?
17.5+ 20 955 825 ; :
Hot Melt l IE
| i
7.4 0 85.3 236 iy
9.3 23 47.4 18.4% e
18-6 0 0028 OIR i ‘: | !
19.6 23 Q.41 0.52 I E

¢ The wax in these samples was fused by exposing the coated surface to
the heat of an infrared lamp for a fewv seconds.

- - - !‘rol"a'pnroly-mémtoal—standpoint.- several interesting things _ .

might de pointed out regarding the effect of vaowum. Variations ina

samples within a group prevent making valid comparisens of the effect of a1

THE INSTITUTE OF PAPER CHEMISTRY




The Institute of Paper Chemistry Progress Repert One
Projeot 1271 Page 37

vacuum on coating weight., However, it is kmown that vacunm dravs a
large amount of coating into the vacumm chamder. In faet, the liquid
trap ia the vacuum vc}u of three-quart cazpacity becomes filled in
about 5 minutes ofl ranning time. It will bDe recalled that the nmu‘
systen frose within 30 secends vhen coating with hot-melt wax. During
a mormal rum, the coatimg head presses agaimst the wed and daeking rell
with a pressure of 6.9 p.s.1. Yben a vacuum of 2l inches of mercury is
applied, the pressure is increased %0 7.6 p.s.i. If we assume that the
difference is concentrated at the vacuum slet, tl;en the additienal
pressure at the vacnum slot is 5.82 p.s.i. or 11 inches of mercury.
Thas, not quite half of the awailadble pressure drop is used in helding
the wed agsinet the vacumm slet. When ecating with a typical celor of
about ¥2% solids, the fluid head pressure in the coating chamber has
been measured as 1.08 p.e.i. eperating without vacuum. When the vacuum

is turned on, the pressure dreps to 0.75 p.s.i.

Knight stated that an advantage of prier application of vacumnm
to a porous web is that it removes a stagnant film ef air which lies eon
the gurface. This film is bellieved to interfere with wetting of the
fivers. It is logical that, as the wed passss under ths coating head,

a certain quantity of air is trapped om the sheet. Vacuum would remove

this trapped air, while the bdacking roll and resistance offered bty the
~-- -sheet, as well as-the short time interval, would -prevent its replacezent.

Under these conditions the ceating could then de applied over & surface

free oi’ alr. However, it may be queationable whether the air film is the
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factor ocontrolling wetting, or whether it is merely = secondary or

minor delaying factor. If drying were instantaneous, this delay might
becore izportant and would have a great effect on the quality of coata
ing. However, drying tako-s a rola.t'inl; long ];orld of tine. Ia o
comparison with the total time available for wetting, the delay ocaused

bty the resistance of the air film may he ef little importance.

Baged upon the results of the werk deae, it cannet be positive-
ly stated that vacoum does or does not have an effect vhen applied %e
p?rouc wobs. Hiwever, the indications are that, 1f there is an effect,
1t is very slight. The original laberatery work oonfucted Wy Xaight
sesned to indicate a greater effect than was evident ia the pilot-scale
study. Several facters might centribtute %o this ladk of corroderation.
Except for ome run, all of Knight's conclusions are dased upen samples
coated with a dye and water mixture. ©Such a mixture dees not have finite
particle size as dees a standard coating color. When standard coating
colors are used, it seems logical that the web functions as s filteér %o
prevent any penetration of pigment particles. In addition, the greater
proportion of Xnight's work was done with the vacunm applied after, net
before, the coating color. Another important factor is the phenomena
of surface leakage. This is of great magnitude, since vacuum removes
the coating which flows arcund the edge of the doctor blade, a purely
-surface aot:lon.; Porhapn_/nore important is the_fact that_if wo assume
a sheet speod of only S0 ft./min. (far short of commercial operations),

a glven segment of the sheet 1s in contact with the vacunm chamder for
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only 0.04 second. If the very marisum of pressure drop is assumed, it
can be only 14.7 p.s.i. ZThus, there 1s a rather mild pressure acting
for an eu:tr'euly short period of time. It seems prodadble that vacunm
does not have any great control over the pemetration of a material as

viscous as coating coler.

1

SUMMARY OF CONCLUSIONS

The mechanical functions of the Knight-Rowland coating process
might be divided betveen those performed by the vacuum aystem and those
of the coating coler chamber and doctor blade. %The greatest importance
is attached to the vacuur action, since it determines the unique valus
of the process. However, from the test results, it is difficult to say
that vacuum does er does not iuvo an effect. Dennison wax pick tests
showved no significant difference in surface bonding strength between
comparable samples made with and without the use of vacunm. Cross
sections of coated samples 41d nmot indicate that vacuum pulled the color

deeper into the pores of the shest to amy apparent degres. Vacunm does,

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

1' ‘ surface. The use of vacuum does not necessarily guarantee a amoothsr,
; more evenly coated sheet.
l‘,j In ‘oporatlon/. the coating chamber provides a large exceas of
3 PR color that floods the vallays and—sxpossd fibers-of the porous web. A ——
doctor has been found necessary in osrder that the weight of coating

applied can bde controlled. %he surface characteristics are determined
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by the doetoring action. Tims, the appearance and printability of the
coated sheet are fanctions ef the operatien of the doctor blade and,

as such, are not necessarily unique to the process.

s In a ladoratory study ;f the Enight-Rowland coater or similar
equipment, potential industrial application should be a mtfor of
primary comcern. The presentation of data and conclusions drawn from
thea should ;bo considered in light of future reviev by the industry,

as wvell as from an academic standpoint. Coating on an industrial unlol
with the Knight-Rowland ceater lly:tlld bo & rather simple, almost auto;
matic operatien. The eosting head is a compact versatile unit whiech
could be installed almost anywhere in the papermaking process machimery.
It can be used to apply a great variety of fluid materials over a wide
range of visoosities. However, ths vacunm effect, 1f it dees exist, my

not be sufficiently prominent to warrant the expense of installation and

. malntenance of the necessary auxiliary equipment. With general industrial

application of primary importance, it can only be concluded that the
Knight-Rovland coater 1s of questionable value as a contribution to the

coating industry.
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Sample 9. Coated weight 12.0 1b. (25 x 40--500); O-inoh Hg vacuwmm.




Coated welght 16.9 1b. (25 x 40—500); O-inch Hg vacawm.
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Sample 12, Coated weight 46.8 1b. (25 x 40--500); 20-inch Hg vacuum
All other conditions were the same as those of Sample ll;
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0.2 1b, (25 x 40-~500)
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Sample 14. Vax emlsion coating., Coated weight 0.4 1b. {25 x b0--500); ‘
24-inch Hg vacuum, All other conditions were the same as those of Sample 13,
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Coated weight 12.5 1b. (25 x 40--500);

0-inch Hg vacuum

¥ax emulsion coating.

Sample 15,
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Sample 16.

~

Wax emulsion coating. Coated weight 17.5 1b. {25 x ﬁo;iﬁoﬁ):.
2L-ineh Hg vacuum. All other conditions were the same as those of Bample 15.
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Sample 17. Hot-melt wax coating., Coated wei

t 7.4 1b, :
0-inch Hg vacuum e " (251%-:500)'"
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oty 2,
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(25 x 40--500)

1b.
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Hot-melt wax coating,
cuump., All other conditions were

Sample 18,
2h-inch Hg va




Sample LY. HOL-melt wax coating. Uoated weight 14,5 1b, (25 x 40--500); |
0-inch Hg vacuum . L bad {
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ufanple 20. FHot-melt wax coating, Coated ' A,
2l-inch Br vacunm, A1l other conditions wergithe sase
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21, Hot-melt wax. eoat'“gf .
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. Sample 22, Hot-melf:wax;costi
(25 x 40--§00)3 2-Anel’Eg vaoun
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