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Application October 23, 1935, serial No. 46,325 
1 Claim. 

This invention relates to the drying of non 
fibrous sheets and films which are subject to 
shrinkage during the drying thereof. This in 
vention will be particularly described in relation 
to the drying of regenerated cellulose sheeting 
cast from viscose and adapted to be used as a 
Wrapping tissue. 

Heretofore, in the manufacture of such sheets 
or films of regenerated cellulose the film was 
cast from viscose into a coagulating and/or re 
generating bath and subsequently passed through 
additional baths. Such as regenerating, desulfur 
ing, washing, bleaching and glycerinating baths. 
Thence, it was passed through a drying appa 
ratus and wound up into rolls. In passing 
through the said drying apparatus, the film loses 
moisture, and in losing this moisture tends to 
shrink to a great extent, thus diminishing the 
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area of the regenerated cellulose film, and tend 
ing to produce puckers or Wrinkles therein. In 
order to produce a relatively thin sheet or film 
of comparatively large area, without puckers or 
Wrinkles, the drying apparatus customarily con 
sists of a series of rotating heated rolls around 
which the film passes and which, due to the fric 
tion between the film and roll Surfaces, keep it 
at all times under a marked tension and thus 
prevent or reduce shrinkage of the film. 

It has now been found particularly advan 
tageous to employ various solutions or suspen 
sions to wet sheets or films, hereinafter to be 
terned generally as WebS, and particularly webs 
in the gel state, for the purpose of imparting 
certain, special, desirable properties thereto. 
When certain of the above named solutions or 
suspensions are applied to the web, difficulty is 
encountered in the subsequent drying stage by 
reaSon of the fact that the applied material tends 
to concentrate in the web as the liquid is removed 
until it reaches the point where it tends to stick 
to the roll in whole or in part. This sticking of 
the applied material to the roll surface results 
in an increasing fouling of the roll Surface so that 
the machine must Soon be shut down for clean 
ing. At the same time, there is a constant in 
terchange of the material on the rolls with that 
in the Web, Some of the Surface material in the 
web sticking to the rolls and some of the pre 
viously deposited material on the rolls again 
sticking to the web. When this happens, the 
web has a speckled or patched appearance due 
to the deposit thereon of Small particles of the 
applied materials, or due to the removal of Small 
Sections of the applied material therefrom. 
When it is realized that the ultimate product 

(C. 34-48) 
finds its greatest utility because of its glass-clear 
transparency, it will be readily seen that diffi 
culties of this kind materially interfere and in 
Some cases forbid the successful manufacture of 
films to which otherwise desirable solutions and 
Suspensions have been applied. 
Although the present invention is applicable 

to non-fibrous, shrinkable sheets and films to 
which have been applied all types of materials 
which may during drying induce Speckling of the 
finished web, I am primarily concerned with the 
drying of the films to which certain recently 
developed, non-heat-plastic materials have been 
applied, that is to Say, materials which are not 
flowable under the application of a reasonable 
degree of heat, and consequently wherein there 
is no opportunity for removing the speckled or 
patched appearance therefrom. 

It is therefore an object of this invention to 
provide a method and apparatus for drying non 
fibrous, transparent sheets or films which are 
Subject to shrinkage during the drying thereof. 

It is another object of this invention to pro 
vide a method for drying non-fibrous, transpar 
ent sheets or films, which contain substances for 
imparting special characteristics to said film, 
without the appearance of speckles or patches 
thereon. 

It is a more specific object of this invention 
to provide a method and apparatus for drying a 
regenerated cellulose sheet or film containing a 
substance which may adhere to an adjacent sur 
face during the drying thereof by passing the 
same over drying rolls which are provided with 
means for maintaining the roll Surface in a dry 
state. 
Other objects of the invention will appear 

hereinafter. 
The objects of this invention can be achieved 

generally by passing the web into contact with 
drying rolls which are provided with means for 
maintaining the same in a substantially dry 
state; preferably, however, the web is first pre 
liminarily dried out of contact with any surface 
by an application of intense heat until a large 
part of the liquid has been removed therefrom. 
The invention will be more easily understood 

by reference to the following detailed descrip 
tion taken in connection with the accompanying 
illustrations, and in which: 

Figure 1 is a fragmentary, diagrammatic, ele 
vational view of one form of drying apparatus 
suitable for use in accordance with the present 
invention. 

Figure 2 is a fragmentary, diagrammatic, ele 
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2 
vational view showing a modified form of drying 
apparatus. Af 

Figure 3 is a plan view on an enlarged Scale 
taken along the line 3-3 of Figure 2. 

Referring to Figure 1 of the drawings, reference 
numeral ?o designates a comparatively wide Web 
of non-fibrous, cellulosic material, Such as re 
generated cellulose which has been cast, re 
generated, desulfured, bleached, Washed and 
glycerinated, but undried. This film is led 
through the liquid bath in vat by passing the 
same over rolls 2. From rolls 2 the Web is 
passed through squeeze rolls 3, after which it 
is led through a narrow opening 4 of the drying 
enclosure 5, which is of the type described 
and claimed in the copending application of 
Walter C. Eberlin, Serial No. 46,326 filed of even 
date. The web has no contact with any Solid sur 
face throughout its passage through the enclosure 
5, it being supported at opposite ends thereof 
by the squeeze rolls 3 and supporting roll f6. 
A plurality of headers 8 are positioned to pro 
ject from the top and bottom of the enclosure 
5. These headers, instead of being directed 

perpendicularly against the web are preferably 
arranged to project forwardly at an angle in the 
direction of the movement of the Web. A large 
plurality of hot air or gas jets or Open flame gaS 
burners are arranged on each header and are 
preferably positioned to project forwardly in the 
same direction as the headers. The headers 18 
are connected to a common chamber which is 
Supplied with a heated gas or a combustible gaS 
by an inlet conduit (not shown). The burners 
or jets are so arranged in multiple units that 
the whole width of the web is exposed to the 
hot gases or products of combustion. When 
burners are used, they are So spaced that suf 
ficient passage exists between flames for an ample 
Supply of Secondary air to reach the flames and 
for the products of combustion to escape. The 
burners or jets may, if desired, be made indi 
Vidually adjustable so that wet bands may be 
eliminated from the films and the latter be dried 
to produce a flat sheet. 
A plurality of narrow outlet openings 22 for the 

hot gases or products of combustion are ar 
ranged intermediate the headers. The openings 
22 in the upper portion of the enclosure 5 are 
connected to a common chamber 24 from which 
the gases or combustion products are withdrawn 
through the conduit 28 and suction fan 32. The 
openings 22 in the lower portion of the enclosure 
5 are connected to the chamber 26 from which 

they are withdrawn through conduit 30 and a 
Suction fan (not shown). 
The film passes from the enclosure 5 through 

the narrow opening 34, thence over the support 
ing roll 6 to a series of heated drying rolls 40 
which may, if desired, be of the type disclosed 
in United States Patent No. 2,046,553 to D. H. 
Edwards, or the type disclosed in the United 
States patent application of F. P. Alles and D. H. 
Edwards, Serial No. 728,378, or both. 
The first section of drying rolls which the 

Web Will contact is preferably confined within 
enclosure 46 which is provided with additional 
hot gas jets 42 and suction means 4 and 44 for 
withdrawing said gases therefrom. The hot gas 
jets 42 are connected to common headers 43 and 
supply conduit 45 (see Figure 3). The suction 
nileans 4 and 44 are connected to suction cham 
bers 47 and 48 respectively by means of which 
the gases may be drawn of through conduits 
49 and 50 by any appropriate means. The jets 

2,099,160 
42 are shown directing the hot gas against the 
section of the drying rolls 40 which are out of 
contact with the web 0, whereas the Suction 
means 44 are arranged adjacent the Webs which 
are moving over sections of the rolls 40. The s 
hot gas jets 42 serve to keep the first section of 
drying rolls dry and thereby to prevent any ad 
herence between the web and the drying rolls. 
After being led over the drying rolls within the 
enclosure 46, the film will be sufficiently dry to 
overcome any tendency thereof to adhere to the 
additional unenclosed drying rolls 40 which are 
provided in sufficient number to remove Such 
remaining moisture content of the web as may 
be most desirable. The web is then collected on 
the Winding shaft 50 in the conventional manner. 
The web may be drawn through the drying ap 

paratus by imparting rotation to any of the rolls 
2, 3, 6 and 40 or to all of them, as is well known 

in the art. If desired, succeeding driven rolls 
may be regulated with any desired or expedient 
speed differential means to compensate for film 
shrinkage or to prevent excessive shrinkage. 
For example, the circumferential Speed of the 
drying rolls may be slower than the circumfer 
ential Speed of Squeeze rolls 3 to allow for web 
shrinkage in the drying of the film as described 
and claimed in the co-pending application of 
William Hale Charch and Francis P. Alles, Serial 
No. 46,324 fied of even date. 
The requisite heat may be supplied to enclosure 
5 in a variety of ways, such as, direct heating - 
by open gas flames, direct heating by electrically 
heated units arranged to heat by convection and 
radiation to the Web, heating by hot gases Sup 
plied by the passage of air or other gas over 
Steam coils, electrical or gas heated units, or 
otherwise heating by hot gases Supplied by the 
combustion of gas, oil, coal or other fuel. The 
ultinate transfer of heat to the web is in all 
cases by convection and/or radiation since it 
would defeat the objects of the invention to per 
mit the Web to touch any Surface which might 
transfer heat to it by conduction. Since it is 
necessary to transfer a large amount of heat to 
the Web in a short time, it is desirable, with any 
method used, to cause the heated gas, air or 
flames to inpinge against the web with good ve 
locity, thus reducing the surface film of air or 
gaS On the Web to a minimum and in accord 
with well known heat transfer principles obtain 
a maximum rate of heat transfer. When hot air 
or other gas is used for drying the web, the gas 
impinging on the bottom surface thereof may 
be given Sufficient velocity to support the film, 
and the Velocity of the gas directed against the 
top Surface of the film regulated so as to com 
pensate for any excessive upward thrust of the 
first mentioned jets. 
The film of regenerated cellulose leaving the 

Wet end of the casting machine and entering the 
dry end is largely swollen with water and con 
tains in excess of 300% water, (all figures based on 
dry cellulose) whereas the film as marketed con 
tains less than 10% water. In its passage through 
the enclosure 15, the film must be dried to the 
point where it will no longer adhere to the drying 
rolls 40 and at the same time it must not be dried 
to the point where it will tend to pucker or wrinkle 
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or to the point where material shrinkage will take 70 
place. When the film is led directly from the 
drying enclosure 5 to conventional drier rolls, 
the moisture content range of the web as it passes 
from the enclosure will be much smaller than 
where the film is led through the enclosure 5 to 
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2,038,630 
the drying rolls against the surface of which hot 
gases are being directed. Slightly most webs 
which Will adhere to the conventional drier rol 
Will not adhere to rolls against the surface of 
which hot gases are directed by reason of the 
fact that the roll surface in the later case is kept 
dry. Therefore, the inter-position of 8 plurality 
of drier rolls against which hot air jets are di- . 
rected also serves to eliminate the necessity for 
controlling and maintaining the moisture Content 
of the web within a comparatively small range. 
With the described arrangement it is possible 

to remove the surface layer of Water from the 
Web while the latter is entirely out of contact with 
any surface, and after the Surface layer of Water 
has been removed, but before the Web has dried to 
the point where wrinkles or packers are inparted 
thereto, or before material shrinkage has taken 
place the web is further dried while in contact with 
a smooth, solid surface without danger of stick 
ing of the film to the roll surface. When fouling 
of the rolls takes place, the Web Surface becomes 
covered with specks or patches due to the deposi 
tion of material from the dirty rolls or the removal 
of portions of the applied material from the web. 
In webs to which heat plastic material has been 
applied, these specks or patches may be removed 
by further application of the heated roll Surfaces, 
but when the applied material is non-heat-plastic, 
the specks or patches will be permanent and 
non-removable. Consequently, in the fore c8 Se 
the web must be subjected to further compara 
tively expensive steps to remove the specks from 
the heat plastic coating, and in the latter case the 
web is permanently damaged and of little or no 
Value. 

Referring to the modified form of apparatus ill 
lustrated in Figure 2, the Web Se is passed from 
the tank through the squeeze rols f3 and 
thence directly over a series of drying rolls (3. 
The first drying rolls over which the web is led 
are positioned within the enclosure 66. These 
drying rolls are provided with means for directo 
ing hot gas against the sections thereof which 
are not in contact with the Web in the S8ine man-e 
ner as above described with reference to Figure . 
This modified form of apparatus finds particular 
utility in the manufacture of Webs which are 
coated with substances which need not be pre 
liminarily dried in a freely suspended condition, 
but which may have a slight tendency to stick to 
the roll surfaces unless they are kept substantially 
dry. This apparatus may furthermore be used to 
advantage with the hot gas jets 42 as a sole means 
of heating the drier rolls 88. All of the drie rolls 
40 may be provided with hot gas jets 82 to keep 
the same dry and hot, or a plurality of the rolls 
with which the films first come into contact may 
be provided with hot gas jets and the Succeed 
ing rolls may be conventional drier rols as illus 
trated in Figure 2. 
The temperature of the hot gases directed 

against the drier rolls, the speed of the pass&ge of 
the film through the drier, and the Velocity of the 
gases may be varied within Wide limits to ac 
complish the objects of the present invention. 
Particularly desirable results may be achieved by 
maintaining the temperature of the said hot gases 
between 150° C. and 250 C., and passing Said gases 
against said rolls with a velocity of at least 100 ft. 
per minute and a volume of at least 2 cu. ft. 
per minute with the film passing through the 
drier at the rate of about 125 ft. per rainute. Wa 

3 
rious other factors may affect the above preferred 
conditions and the temperature, Velocity and Wol 
One of the gases may be varied from the preferred 

ranges set forth above to produce material in 
provement in the resulting products, but it is to 
be understood of course in all cases that relatively 
high velocities, with the gas directed against the 
rols, as distinguished from mere circulation of 
the circulaanbient atmosphere, are necessary to 
Secure the desired result. 
Although the present invention has been dis 

classed with particular reference to regenerated 
cellulose, it is nevertheless applicable to Webs 
made from other non-fibrous, transparent, 
shrinkable, cellulosic materials which are self 
supporting during the drying thereof, or to non 
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forous, transparent, shrinkable, non-cellulosic . 
sheets and films of similar nature. 
Although the present invention is particularly 

useful in the drying of fill as or Webs carrying 
non-heat-plastic compositions, other materials 
which may be applied to sheets and fires and 
dried with great advantage in accordance with 
this invention include Emoistureproofing compo 
sitions, materials which Will prevent the trans 
mission of ultra-violet light, compositions which 
may be applied for anchoring SoSaquent coat 
ings to the firm, and the like. 

the use of Very gatekage heat to carry Out the 
early stages of the dying leaves 3 very Rach 
smaller amount of drying for the later steps 
which follow the hot treatment. This makes 
possible the design of 8, Emuch shorte drier with 
its attendant lower investment costs and main 
tenance and, Enore especially, with the reduction 
of the factors. Which make for non-leafornity of 
drying and which are of course magnified as the 
size and Caber of components of 8, , trachine 
are increased, the present invention pernits of 
a very much higher drying speed for a given 
drier range and thus becomes rinportar, due to 
current cornpetitive conditions, 

this invention has the further advantage of 
the production of sheets having coatings there 
on adapted to end very desirable characteristics 
to the webs, but which would otherwise be ex 
tremely difficult, if not impossible of application 
with previously known apparatus and process 
steps. 

It is to be taglderstood that the specific en 
bodiments of the invertion illustrated and specif 
ically described may be varied in many details 
of its coastruction within Wide imits without 
departing from the nature and spirit of the in 
vention, and that the invention is to be inited 
Only as set forth in the appended claim. 

chaira:- 
In the method of drying a highly shrinkable, 

O2-forous, transparent, cellulosic web adapted 
to be used as Wrapping tissue, which web has 
been saturated with a treating liquid, the steps 
COraprising passing said Web substantially sat 
Frated with treating bath liquid through a dry 
ing zone comprising a plurality of open flames 
in which said web is maintained out of contact 
With any solid surface whereby to preliminarily 
dry the same, continuing the drying thereof by 
passing said web into contact with a drying roll, 
and simultaneously passing a hot gas against a 
Section of said roll in such as quantity and ve 
locity as to prevent adherence of the said web 
to said roll, 
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