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TFhis invention-relates to a, method -of making

‘cceckle paper.
Heretofore-cockle paper-has been- made by ap-
plying:a- cockle: stabilizing sizing o0 & paper web
:feddcontmuously from:a supply roll.and.thereafter
passing this-web. progres sively: through a-.drying
@] mber wherem the paper is hung in festoens.cn

>

a':ress bars or so~called:sticks.which are- moved for- .

ward. mechamcally after the paper has. been hung
thereen.. -Fhe .wet -paper. hangs: w1th the full
weight. of-each loop: suspended from:the: -adjacent
sticks: and the paper is:therefore subjected. to dif-
ension.from. the:{op to-the: bottem
h loop Most i portant -the-sticksleave:a

mark on:the-paper: and 'a,ll marked -portions: must :

be:eut-out and dlsearded This requires -eutting
-paper-into: large s‘:eets and:inspeeting  them
}-.sorti 1 eii -portions.
Thereafter the re;ected sheets are -again: eut to
a smaller size and: 1n5pected and sorted-oncemore,
This mvolves not only-a high labor charge but
partlcularly a-very large waste of paper.

It has also been - attempted to. dry that sized
paper by passing it back-and ferth over-a-series

of- positlvely driven - rolls, but. these rolls-put ten- -

sion- -on.-the -paper which tend - to pull.out the
gockle . eﬁect and thus to.smooth-out the paper.
The. cockle appearance is.caused. in.part by the
Amnevyen. shrinkage of the paper pulp fibres where-
in.they :tend.to curl and.move somewhat during
the.drying operatlon and this is. materially: aided

by:the sizing which-in shrmkage tends.to distort
the. paper. into.a bumpy and locally wrinkled ap-
Jpearance. It is found that any attempt.at making
cackle paper.by. methods which. put tension.on the
paper -during its. wet stage tends to. destroy .the
cockled condltlon and fhus defeat the primary

eockle pape by 1mpregnating the paper w1th 8

suitable sizing and then drying the. .paper under
Quch condltmns tha,t it ds. not subJected to B mate-

"m erral"wasta,ge E‘urther objects will be appar-
ent in. the -following: d1sclosure
to the drawings -Ihave. there 1llus-
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2
Fig 3 is:a.vertical:transverse section taken: sub-
stantia,lly on-the line 3—3.of Fig. L
In .accordance with my- preferred method, a

-web-of -paper-is. treated with a suitable- animal

or vegetable sizing material, such-as glue;: :starch,
a2 converted. starch; soy bean flour, casein, & syn-

thetic resin, various: ce11u105e derivatives: or mix~
-tures. of these, or other suitable adhesive coating
‘materials in:an-aqueous or other suitable evap-

orable.medium. This s1zmg may- be incorporated
in. or-applied to the paper in various ways, such
as.by spraying or ﬂowmg an -agueous-suspension
or .solution .of the. sizing en the surface of .the
paper. But. T prefer to impregnate the paper by
feeding a-web-of -paper ‘10 progressively from a

‘ supply: roll- {1 or-other-suitable source through a
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sizing bath [12:of -an: agueoys-solution of starch
and glue-in-any: desired proportions held in a vat
13,.and then between massive pressure rolls 14.ax-
ranged above the vat.which remove the excess:of
sizing: and squeeze the rest into the paper. These
rolls serve-also to draw the paper forward. from
the supply roll: at a-uniform rate and thus pre-
sent .it -progressively for the drying step. -The
paper strip.isheld-beneath the surface of the siz-
ing by a.-roll 15.

In.the drying -zone, the:paper is dried in 2 hori-
zontal position by suitably applied heat, and'is
moved forward under- a.controlled light-tension.
It may be moved by a suitable-conveyor, such as
the .ladder type -endless belt.conveyor 16 which
may slip relative to:the -paper-as it frietionally
-grips:the under surface thereof and thusmot mark
the paper materially. In the preferred arrange-

ment, the-paper is subjected to a heated air cur-
rent while thus:moving; and this air-may be di-
rected against.the under side:of the paper fo give
an buoyant effect that-materially reduces-the stick
marking-and the pressure-of contact.of the- paper
on-the.conveyor: ‘The buoyant air current, -which
may-be-such: as: to-float the paper strip partla.lly
or:substantially -fully, is derived from an:air duct
{8 arranged:below one: run-of-the conveyor.. ‘The
paper-passes:through the drying-zone in-a sub-
stantially flat-and horizontal :position and under
a -minimum-tension. “It.then-travels over a-set
of guide rolls {9 and 20 which provide enough
tension-in :the.dry :paper so it may be satisfac-
torily-wound :on.a. suitably -driven winding spool

‘Whien:the paper:is wet it.is very weak-in struc-
ture, and:it is-therefore important that it-be-not
subjected $0.any-material degree of tension: while
-going inthis-wet condition through the:drying

5 zone.  -Anextessive:tension would tend to break
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the paper-as well as to yull out the cockle struc-
ture which is produced by the drying operation.
While various types of drying apparatius may be
employed-for drying the paper at a minimum of
tension- and without leaving noticeable stick
marks, I prefer to employ a structure substan-
tially as shown in the drawings, This comprises
walls forming a long and vertically narrow space
through’ which the paper travels on the top run

of the conveyor {8 while it is substantially com-.

pletely dried or to that degree required for form-
ing the desired cockle and holding it in‘the paper.

10

This space is formed by the upper perforated wall

30 of the duct I8 and the lower perforated wall
32 of a further hot air duct 33. " An impervious top
wall 34 and suitable connecting side walls com-
plete the upper duct 33. The.lower duct 18 has

a solid wall 35 for its bottom, and suitable con- .

necting side walls. The lower run of the conveyor
16 passes between the wall 35 and a lower hori-
zontal wall 36 spaced therefrom. ~Side walls 27
and end walls 38 provide a substantxal]y closed
chamber for the dryer.” The paper: enters ‘and
leaves the drying chamber through the openings
39 in the end walls,

Heated air is conveyed to the upper and lower
ducts’ 18 and 33 above and below the run of the
paper 10 by means of ducts 49 through which air
is' blown by means of a° suitable driven fan 42
arranged to draw air through a heating zone,
such as over a-set of steam heated pipes 43. Al-
théugh the air may be recirculated, it-is-shown as
coming from the outside atmosphere through an
opening 44 in the wall of the heating ‘compart-
ment.  The side ducts 40-receive heated air from
a . common duct 45 connecting with” the fan
chamber, and theéy project laterally and then up-
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wardly on each side of the drying chamber where:.

they communicate through -lateral ducts 48 and
47 respectively with the lower and upper spaces
18 and ‘33 ‘for delivering the heated air to the
paper. - -These various passages and compart-
ments’ are suitably arranged so that the heated
air is forced to travel only through the openings
in ‘the perforated walis' 30 and" 32 into contact
with the paper 10. The heated air -may be ex-
I:austed to the outsuie atmosphere through ducts
8

In order to adjust the 1elat1ve amounts of.

heated air passing into the upper and lower ducts
above and below the paper, I provide a _bivoted
flap damper 50 at the junction point between the
smaller ducts 46 and 47, and this is controlled by
an outside handle 5f or other suitable means.

The parts are so arranged that the flap damper-

may be secured in any desired posmon, such as
in a.middle position so that the air will pass
equally into the ducts 46 arid 41; or as shown in
‘Fig:-3, the damper may be moved to a ‘position
where the major portion of the dir goes into and
through the lower duct 18 and thus sgainst thé
under side of the paper.  In the latter case, the
pressure of the air beneath the paper tends to
float the paper above the conveyor: 17, and the
‘air issuing through the top wall 32 doeg not pro-

vide. enough pressure to force the paper down-

wardly to a material extent.

- The paper may be conveyed through the drying
Zone under a minimum" of tension by the- con-
struction illustrated, in which the conveyor 1§ is

' formed of cross bars or sticks 54 shaped as hollow -
metal tubes. A shaft 56 fits into each end of the

metal tube and the outer.end of each shaft is a
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- bearing support for a roller 57. Each roller 57 at -

-:theupper run of the conveyor rides on the rail 58

75
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suitably carried by the walls of the drying ap-
paratus. - A further rail §8 supports the lower run
of the conveyor. Chain links 88 connect the
shafts 56 at each side of the rollers and thus form
an endless jointed ladder type of conveyor as will
be apparent. This endless conveyor is driven by
any suitable. construction, such. as the two pairs
of gear shaped wheels §1 moun 1ted on cross shafis
62 that are suitably driven, as by means of a
pulley and belt drive 62 connected with a source
of power. The drive gears 8¢ have teeth so spaced
as to engage the roils §7 which carry the cross
bars 54.

I may also pr ovme a-supplemental carvier for
the paper at the exit end of the drying zone which
may either cooperate with or replace the endless
carrier above described. This supplemental car-
rier may comprise an endless belt 65 made of felt
or canvas or other suitable material mounted on
and moved by two rollers 68 suitably driven by
power- mechanism. -In the construction illus-
trated in Fig. 1, the paper i§ is shown as passing
in a.locp beneath that belt and not conveyed by
it.. But the paper may he fed across this end-
less belt 65, and because of the frictional grip of
the bhelt surface, the paper will be gently pulled
along,  The Belt §8 serves primarily when the
paper is fully supported on the air currents de-
rived from the air duct i8. In that case, the
paper is moved through the drying zone without
an unnecessarily high*tension which would serve
to break ‘or injure the paper or to puil out the
cockle thereof, since thé only tension required is
that slght amount required to .hold the ends of
the paper against the force of the supporting air
current and tc move it along: This frictionless
support and conveyance of the paper can be 'deli-

-cately controlled so that very thin paper may ‘be

safely transported and dried.

In its mechanical operation, the s onstr cmon as
thus described, serves to draw the dry paper from
the supply roll {1 through'the sizing bath {2and
thence between the power-driven pressure rolls
{4 which press the sizing material-into the fibres
and pores of the paper and sdueeze off any sur-
plus that does not impregnate the paper, Then
the paper is drawn gently forward by means of
the frictional grip of the cross sticks or bars 54
of the endless conveyor {8 as it is subjected to
the: hot ‘air currents.from ducts {8 and 23 ar-
ranged above and below the paper. ' In order that
variations in speed .of the supplemental winding
apparatis may not place any tension on the pa-
per, the paper passes in a long self-supporting
loop from the exit end of the drying apparatus
to the rolls {9. As soon as the paper is fully dry,
it may be wound on' the spool 22 without de-
stroying the cockle, and the tight roll will keep out
moisture and insure that the cockle will' remain
until ‘the paper can be cut-into sheets and then
wrapped inrequired sizes.

A substantial portion of the' weight of the pape1
is supported on-the air currents issuing. frem the

~lower ‘air duct 18, but the paper remains in suf-

ficient contact with. the ‘top Tun of the endless
conveyor 16 so that the cross bars 54 will have
sufficient frictional grip on the paper to draw it
gently- forward through the drying zone. “The
endless conveyor is driven at a speed materially
greater than that at which the paper is to go

- through the drying zone, and the cross bars 54

will therefore -slip frictionally against the paper
and so leave no-visible stick marks. The contact
between stick and paper is so light that no marks
are left even if the paper is wafted on theheated
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sirenrrent:into and-out of contast-with:the cross '

sticks.

: 'mte v'cortstvucbions ‘ofsithe dryer may, be varied

4 maybe1-fool

inttiglly:heated to:
.perature will:vsuslly-tange bet
g0 The-temperature wills

g, a8

nig upar; the-desized: rate: of: & as well -as
the weight: .of ‘the paper-isheet, -the -amount: -of

witercantained dm it and:-the type-oficdckle - de-
dived. T may be neted that although the air
temmerature-may-be:350° F, vet:the-temperature
of the paper will stay at the wet bulb tempera-
ture of ‘sometwhere between 100°and 120> F. 4n
am. average: ‘ease: ‘Hence dhe ;paper does mot
reach the:teheratureof 212° F jor-the:formation
of ‘steam: and: so is not imjwed An the drying
‘process: :Also; the raterof drying the paper may
b controlled by varying the rate ‘at swhich the
paper-passesthrough the-dryerior- by making: the

‘dryer-longer ‘ox :shorter-in :agcordance with the
desired wesults. By varying the temperature -of
the-heated.air‘and the rate-of -aix flow:through:
the-dreying zane, the humidity of the: ai Fwill:be
controlled::and thus ‘the rate-of .drying may be
regulated ‘as.-desired. Several :drying; zones -of

ayor-may be-

i)
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different; ‘humiditiés: ‘and temperatures .may be -

‘provided: give-a.desized-controlled drying:culve
Ty providing twe-ar Inore- separate sets-of inlet
ducts 46 -and A47-and, if .desired. .separate sources
of:heated airo selected:temperatures which serve.
to.introduce.air:of desived characteristics.at dif-
ferent -points: -along :the «extent -of the drying
chamber. Suitable instruments .may. be. .em-
ployed-to-measure the:dxyness of the paper and
thus to indicate a proper control of the humidity.
Tt will also be mdted ‘that in thesconstruction il-
lustrated, the paper is subjected to a gradually
incréased ‘temperature ‘as “it ‘approackes. t
ducts 46 .and 47 and thereafter to-a decreasing
temperature. “The flowof ‘thegir:curients may
be contrelled by fans to regulate the humidity
as well agtemperature of the air throughout.the
‘drying zone. ' o

‘When the paper goes to the drying zone from
the sizing -bath, it may contain about 42% of
moisture, but this is only a very slight amount
of water due to the thinness of the péaper, and
it is readily evaporated. It is desirable to dry
out the water between the paper fibres but to
leave the fibres with a normal moisture content.

he ‘air .
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to impsrta high: desree of-cockle -to :the paper:
during-the drying stage; hence the conditions.of:
drying the: paper- while. it-is- substantially. flat.
and:-while- it is under-only & slight- tension are
essential to thesproduction of a superior product:
Tt also be observed that the proportions-of
B ng:-hath as well as the nature of the in-

gne,djents used may-be varied widely within the

knowledge of:those skilled:in the.art.

The cross bars 54 ‘do not impart material:
tension tosthe web paper; since the paper is.sup-
ported:to-a substantial extent by the air currents
from the -staggered holes in the lower wall -30.
as the-paper partially floats or waves.abeve:
canveyor; -or its pressure thereon is reduced,
h qro,ss‘:bajrs:move,-;along'relative thereto;as they:
draw, the paper forward and this sliding: move-
resnt does. mot leave -detrimental marks., The
hars move- only:slightly faster than the paper- 50
that the cross; sticks slide -only a slight distance,
such-ias. a. lttle more than the spacing between-
two-sticks, and: thus give a uniform appearalce:
to-such -effect as is.produced by the slght fric-
tiomal. sliding -contact. ~The operator of -the.
machine. :-ntay- vary -the float condition of the
paper by moving the damper 50. In fact, the
neper- Mgy xest lightly all of the ‘time on the:
oross. ‘bars, 'yt because of -the very light fric-
tional engagement-with the paper, the ‘bars will
slip: relative thereto -and any marks caused by
the-cross:-bars will be made substantially uniform
dlong-the length of the paper. Hence it will-not
bhe -mecessary t0 cut .out the stick marks which
have -hereto: -cteated. 'such a loss in -the -total
nt of the final:product. :
Singe.the paper -is keld substantially flat and
horizontal as. it-passes -through the drying :zone,
the: tension on-the paper is only that which is.
reguired: to- pull it along in a horizontal position.
Also, the paper is not supported on the cross.
bars to such:an extent that it will sag between
them :and -so-form festoons or-loops. Any such
eons would prevent slippage of the C€ross. sticks:
54 and so-weuld leave marks where the paper is.

-supported. It is essential.in. this particular con-
struchion that the eross-bars slide gently beneath

the paperand yet- impart sufficient frictional grip.

-thereon to:assure that the paper will move along.

55

The total drynéss of the paper is preferably about -

3%, and it will ordinarily be in the ‘neighbor-
hood of 2% to 5% by weight of total moisture,
which represents a dry condition sufficient to
hold the cockle in the paper. This.condition of
dryness of the paper is to be emphasized, since
the paper must be substantially dry or in such
a condition when it leaves the drying Zone that
thé cockle will not be pulled out materially when
the paper is thereafter subjected to tension, such
as is involved in 2 winding operation, or in cut-
ting the paper by knives and while under pres-
sure. Some of the cockle is lost or .converted to
2 more subtle appearance during these.ténsion-
ing and pressure stages, but such: hange does
not affect the utility and market y of the
paper. However, because of this sul ent pres-
sure or tension stage, it is all the desirable

80

through the drying zone. If the conveyor 8

- is omitted, then the paper will pass over the
belt 65, and because of frictional drag on the

very dry paper at this point, the belt will not
injure or mark the paper but will give a desired
tension to move the paper forward while it is
entirely supported on the lower air currents de-
rived from the duct (8. Because of this method -
of fully or partially floating the paper while it
is drying, I may dry it at a far greater speed
than heretofore feasible. It will also be under-
stood that the rates of movement of the feed
and pressure rolls 14 and of the wind-up drum

~ 22 and the associated rolls are suitably coordi-

nated to insure that the paper is held loosely after

_it leaves the drying zone and so does not tend

65

78

to impose undesired tension upon the drying
paper. The wind-up roll may be run at a slightly
slower rate than that of rolls {4 so as to compen-
sate for shrinkage in the length of the paper.

It will now be appreciated that my method com-
prises impregnating a paper strip of desired
weight and texture with a suitable aqueous sizing
and then drying that paper. in a substantially
herizontal and fiat condition to dry the paper
and associated sizing under such controlled
temperature and humidity conditions as {0 pro-
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duce an uneven shrinkage and the desired cockle
effect. The ‘paper- is' subjected to heated “air
" curretits from beneath and preferably also from
above, and these air currents may be so propor-
tioned as to provide a buoyant effect that tends
to support ‘some of the weight of the paper; and
this buoyanecy may be such as to insure that the

paper floats  substantially fully during -at “least-

the first part of the drying stage where the paper
is wet and weak in structure. Since- the paper

is held in this horizontal position, only a small

degree of longitudinal tension is required to move
it- lengthwise through the drying zone.  This
force ‘required’ to move the paper may be dis-
tributed throughout the length of the drying zone

as-is the case where the paper is moved forward

by the cross sticks of an endless-ladder type con-
veyor. Where that conveyor is employed, ‘the
paper tends to lag behind the sticks and thus the

sticks slip along the under side of the paper and’

do not leave noticeable’ marks. If the paper is
fully floated on the heated air current, then it

is dragged forward by a suitable device engaging

the paper after it has been fully dried so that

this propelling mechanism will not destroy’ the:

cockle. "It is desirable that the paper be dried
to a total water content of not over 5% by weight
and preferably less so that the cockle condition
will not be materially’ destroyed during: subse-
quent operations, such as slipping the paper into
narrower strips or winding it-in 4 roll, but wide
variations may be made in tempelature control

depending on the requirements of- the paper

maker, The heat for drying the paper may be
obtained from any suitable source of. conductive;
convective or radiant heat, such as-infra. red
electric ‘light bulbs or other hesting devices lo-
catéd above and ‘below" the straight run of the
-paper ‘in the drying zone, or such devices may
be installed in the heating chamber where the
steam pipes are located, or as desired;

- Various modifications in this process will now:

be apparent to one skilled in the art- in view
of the above disclosure and it is to-be under-
stood that the above disclosure is o be inter-
preted ‘as setting forth the principles of my in-
vention and the preferred steps 'of the method
and not -as imposing limitations on the clalms
appended hereto.
I claim:
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-1.”The method of making cockled paper com-
prising the. steps of providing a strip of paper
which “is' impregnated with water: and- a cockle

‘stabilizing sizing, progressively: moving the strip

forward through a drying zone in‘a substantially
flat.-and horizontal position with:the under side
of the paper: strip. located above a series of éross
sticks moving longitudinally forward in a paper
supporting position, blowing against. the under-
side of the paper and upwardly directed buoyant
current of ‘air which" prevents the paper from’
adherihg locally to and looping between the ¢ross
sticks, while controlling the rate of paper hiove-
ment at both sides of the drying zone and main-
taining: the paper under only-sufficient tension
to'move it forward without destroying the cockle,
ahd evaporating the water progressively and
shrinking the paper and causing the s1zing to
stabilize the cockle; -

2. "The method of making cockled paper com-
prising the steps.of providing a wet strip of paper
impregnated with water and a cockle’ stabilizing

sizing, progressively feeding the paper strip fof-

ward into, throtigh and out-of ‘a, :drying zone in’

substantially horizontal and flat ¢condition with
the aid of traveling’ eross sticks there-beneath

‘moving “longitudinally - forward faster than the

strip and which frictionally engage and:slip rela-
tive to the under side ‘of the paper strip, while
SUpDporting a part of the wet weight of  the strip
on a buoyant current of heated ‘air projected up-
wardly between the sticks and against the- under
side of the strip and subJectmg ‘the: strip to ‘only
that light -surface frictional contact w1th the’

5 sticks and -a longitudinal tension which is suffi-

cient to move the parmally floated paper horizon—
tally- without destréying  the -cockled effect and
evaporating the water and shrmkmg the paper
and thus causing “stabilization of -the cockle by
the sizing remammg therein. )
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