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This invention relates to extensible papers and par 
ticularly to an improved extensible paper and a method 
and apparatus for making a superior paper of this kind 
having greater extensibility, ?exibility ‘and strength than 
comparable papers made ‘by known methods. 

Extensible papers used in the manufacture of bags ‘and 
wrappiugs as well as for other purposes have been manu 
fractured by various processes. Some such processes de 
pend upon creping the paper ‘during its manufacture by 
any one of several known methods. The resulting prod 
uct has considerable stretch or extensibility in one direc 
tion but its creped surface renders it undesirable for 
some purposes ‘and particularly for the manufacture of 
bags or the like upon which advertising or other informa 
tion is printed because the irregularities of the creped 
surface make printing dif?cult. Such papers are also of 
relatively low strength. One process for the manufac 
ture of ‘extensible paper eliminates the undesirable creped 
effect of the ‘surface of the paper [and produces a paper 
which is readily adaptable to printing. However this 
process is complex and costly and involves the use of 
extensive machinery which utilizes a great deal of space. 
It also employs high temperature ‘and high pressure and 
requires extensive modi?cations of the paper making ma 
chine with which it is used. 
The latter process and most, if not all, vcreping proc 

esses rely upon a sort of compressing or gathering of 
the paper web during or after its manufacture and this 
takes place by a retarding or rearranging of the paper or 
the pulp ?bers in it as it advances through a machine. 
This produces an eiiect on the paper in what is termed 
the crosssmac-‘hine direction so that the paper is made 
extensible lengthwise of the web or in the with-machine 
direction with little or no bene?cial result in the cross 
machine direction of the ?nished product. This is true 
for example of ordinary blade icreped papers such as 
toweling or tissues characterized by low strength. 

Other methods of crepin-g have been described wherein 
the elastic property of rubber ‘or like material is emplayed 
for imparting a creped effect in one or both directions 
of the paper. These methods, however, employ an elastic 
band or blanket in conjunction with a hard surface and 
include the compression of the paper against the hard 
surface over a considerable area during the creping. 

It is an object of the present invention to provide a 
creped paper and process of producing the same which 
paper is extensible in both with-machine and cross-ma 
chine directions which has one smooth easily printable 
side, which possesses toughness in excess of those nor 
mally found in extensible papers either of the ?at or con 
ventionally oreped type and which possesses extensibility 
well in excess of that possessed by known types of papers. 

It is also a related object of the present invention to 
provide an extensible paper and process of forming the 
same by simultaneously creping and embossing the paper 
to give it extensibility in all directions. 
Another object of the invention is to provide a paper 

and process which can be made by apparatus low in 
original cost, simple ‘and inexpensive to operate and 
capable of producing a uniformly compressed creping in 
a paper web and optionally simultaneously embossing the 
web to produce any one of numerous patterns therein 
and to create cross-machine extensibility of the web. 
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A still further object of the invention is to provide a 

process which may be carried out by an apparatus of 
the kind referred to which is readily adaptable to use with 
conventional paper making machines and can be combined 
therewith with .a minimum use of space and a minimum 
of alterations to the conventional machine. 

Still further objects and advantages of the invention 
reside in the construction and arrangement of its several 
components and in the manner in which it is carried into 
practice and these will become apparent upon ‘an under 
standing of the following description wherein reference 
is made to the accompanying drawings. 

In the drawings: 
FIG. 1 is a schematic view illustrating the location of 

apparatus for performing the present invention in the 
drying section area of a paper machine; 
FIG. 2 is ‘a diagrammatic sectional view of the prin 

' cipal elements of the apparatus of the present invention; 
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and 
FIG. 3 is a fragmentary elevation of a part of the 

hard roll shown in FIG. 2 showing a modi?cation. 
The apparatus consists, as illustrated in FIG. 1, of a 

hard roll in and a soft or rubber covered roll 11 rotatable 
as on shafts 12 and 13, respectively, and arranged to 
form a nip between which a web of paper schematically 
illustrated at ‘14 may pass. With the web of paper com 
ing from a paper making machine in a partially dried 
state, the ‘arrangement of rolls shown produces a creping 
of the paper ‘because the rubber surface in contact with 
the paper is distorted or stretched as it advances toward 
the center of the nip and as it passes the center it con 
tracts -to its original length moving back toward the center 
of the nip or ‘against the direction of travel of the paper 
thus distorting the paper ‘and producing a crepe elfect. 
As illustrated in FIG. 1 the rolls 10 and 11 are con 

vemently positioned in the drying section of a paper 
machine between sets of dryer rolls and suitable guide 
rolls. The location is at a point in the drying section 
where the web 14 has been only partially dried as here 
ina'fter explained. 
The use of rubber or rubberous material in conjunc 

tion with a hard surface in the manner ‘described is known 
in the treatment of paper as well as fabrics but only 
in a general way and the present invention includes the 
use of rubber considerably softer and more elastic than 
previously used. Also of guest importance in the pro— 
duction of an extensible paper by creping it in this man 
ner is the idiifepential in speeds at which the rolls are 
driven. 

If the proper combination of hard and soft surfaces 
is provided, a semi-dry paper web passing through the 
nip of the rolls will be carried by the contracting rubber 
against the direction of web travel toward the nip and 
over the surface of the ‘hard roll. This creates a uni 
formly compressed crepe in the paper web giving tough 
ness, pliability and extensibility. When the hard roll 
surface is smooth, a calendering effect [gives one face 
of the paper a relatively smooth surface ?nish without 
destroying the creping effect. If the hard sunface carries ‘ 
an embossed pattern, a simultaneous crepe-embossing 
takes place. 

In practicing the invention, normally refined pulp is 
formed in the usual manner on the wet end of a paper 
machine of conventional type, such for example as a 
Fourdrinier or a cylinder Wire machine. Water is re 
moved from the web in the usual manner and the web is 
dried to a moisture content ranging from 20% to 60%, 
preferably 30% to 40% based on the oven-dry weight of 
the paper web depending upon the type of pulp being 
used. For example ‘for soft pulp such as used in the 
manufacture of tissue and toweling, it would be some 
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what less than 35% Whereas for a hard pulp it might 
be as high as 40%. ,_ 
The softness of the rubber on the roll 11 is critical 

and contributes materially to the successful mmufacture 
of the paper of the present invention. The softness of 
the natural or synthetic rubber, as synthetics such as 
Buna N and porous-type neoprene can be successfully 
used, is measured by the Shore .durometer ‘hardness test 
and should be within a range of from 10° to 45° Shore 
durometer, the optimum being from 30° to 40°. With 
rubber having this degree of softness, less pressure is re 
quired to deform or stretch the rubber a given amount, 
however softness also tends to create a coarser crepe. 
The sunface grind of the rubber also affects the crepe 
characteristics, a ?ne grind yielding a ?ne crepe pattern. 
However, a very smooth or emery cloth type of ?nish on 
the rubber is undesirable. While a natural rubber has 
been [found to perform somewhat better than synthetic 
rubbers, the ‘latter resist heat md oxidation better than 
natural rubber and, therefore, economically may be pre 
ferred. One of the principal reasons for the softness 
Olf the rubber is that its recovery from the distortion, 
which is greatest at the center of the nip, is rapid and 
produces better, more uniform creping than that which 
occurs with harder rubber and renders the paper more 
extensible and more durable. 
An optional embodiment of this invention includes the 

provision of means to improve the adherence of the paper 
web to the surface of the rubber roll as it passes through 
the nip. This may be accomplished by providing multi 
ple perforations in the rubber as indicated at 15 in FIG. 
2 and a stationary suction box 18 mounted within the 
roll opposite the nip. Suction means, not shown, com 
municating with the box as through a line 1? will enhance 
adherence of the web to the rubber roll. 

It is essential in practicing the present invention that 
the hard roll be operated at a surface speed greater than 
the soft rubber covered roll and that it has less a?’rnity 
for the surface of the paper than the soft roll so that 
the rubber covering on the soft roll will be extended or 
distorted in the manner illustrated in FIG. 2 of the draw 
ing. Through this greater speed of the hard roll, the 
crimping effect is enhanced and a calendcring effect takes 
place on the surface of the paper in contact with the 
hard roll resulting in a relatively smooth surface ?nish 
which can be readily printed upon though the paper is 
in fact creped. The relative speeds of the rolls may be 
varied considerably but the benefits obtained through 
differential speeds are obtained only when the difference 
is 8% or greater. The degree of creping increases with 
the percentage of speed diiferential between the two rolls. 
The pressure between the rolls at the nip may be rela 
tively light and pressures as low as 10 pounds per linear 
inch have produced a satisfactory product. 

Various materials may be used for the surface of the 
hard roll such as Microrok, granite or other stones 
?nished to a smooth but not highly polished surface. 
The most desirable effects have been obtained with a 
Microrok covered roll. Steel rolls have also been used 
successfully. 

‘One feature of the invention, and that which greatly 
increases extensibility of the paper in the cross-machine 
direction is the embossing of the paper simultaneously 
with the creping operation. This embossing may be ac 
complished by ribs such as shown at 3.6 in FIG. 3 project 
ing from the surface of the roll to form indentations in 
the paper as it is creped and, due to the use of the soft 
rubber which recovers quickly after passing the center 
of the nip, a quick sharp pressure is applied to the 
moist paper forcing it against the ribs 16 and against 
the sunface of the roll between the ribs to create an em 
bossed effect. Care is taken to maintain the pressure 
below a value which would destroy the creped surface 
between the ribs. The size and spacing of the ribs may 
be varied and many patterns other than the straight rib 
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bing illustrated may be employed to obtain a like effect. 
This simultaneous creping and embossing of the product 
adds greatly to the cross-machine extensibility of the 
paper. 

Papers having a stretch as high as 26% in the with 
machine direction and 7% in cross-machine direction 
have been produced by the method and apparatus of 
the present invention. in addition, these papers show a 
marked increase in toughness as measured by the rupture 
energy test. It has also been determined that the simul 
taneous creping and embossing produces a different ap 
pearance and a distinctly better effect than is obtained 
by creping and embossing in two separate steps. The 
rigidity of the paper is reduced markedly and papers such 
as used for toweling or the like are softer and more uni 
formly creped by the present process than they are with 
other known processes. Furthermore the loss in tensile 
strength due to creping by the process of the present in 
vention is insignificant as compared to that occurring in 
the manufacture of blade creped papers. The crcped 
or creped and embossed paper from the nip in which it 
is processed is directed into a drying apparatus, such as 
the remaining drying section of a conventional paper 
machine as shown in FIG. 1 ‘with low tension to minimize 
pulling out the crepe and it is dried to the desired ?nal 
moisture content. 
The size of the apparatus described is such that it may 

be easily disposed within the drying section of a conven 
tional paper making machine and, since its incorporation 
in such a machine and the means to drive the rolls at a 
speed related to the normal operating speed of the ma 
chine, is a matter readily understood by those skilled in 
the art and not pertinent to an understanding of the in 
vention, these mechanical features are not herein dis 
closed. 
One important feature of the present invention which 

contributes to the manufacture of the improved product 
described is the fact that the, creping of the paper is 
effected quickly, under low pressure and particularly in 
an extremely short zone of treatment. That is to say, the 
entire creping process is accomplished at the recovery or 
recoil zone of the rubber roll. This zone is not substan~ 
tially greater and may even be less than one-half inch in 
the direction of the travel of the paper web. As an 
example, rolls having a 22 inch diameter will produce 
actual creping in a distance of about 0.3 inch. This dis 
tinguishes the present invention from known processes in 
which the creping of paper includes compressing it be 
tween a rubber belt and a hard surface over a consider 
ably greater distance. 

Furthermore, the present process may be carried out 
without heat during the creping so that the hard roll may 
be operated at normal temperature which extends the 
life of the rubber roll against which it acts. 
We claim: 
1. A process for making a creped, extensible paper 

having a substantial amount of stretch and a toughness in 
excess of that of conventionally creped paper produced 
from the same pulp which comprises passing a paper web 
having a moisture content between about 20% and about 
60% through a nip formed by a hard roll and an elastic 
roll having a Shore duromcter hardness of from 10° to 
45°, said hard roll being driven at a surface speed greater 
than the speed of said elastic roll, compressively creping 
said Web in said nip while simultaneously smoothing one 
side thereof contacting the surface of said hard roll with 
out disturbing the creped texture on the other side, and 
drying the paper web after passage through said nip. 

2. The process of claim 1 wherein the moisture con 
tent of the web is between about 30% and about 40%. 

3. The process of claim 1 wherein the hard roll is driven 
at a surface speed at least 8% greater than the speed of 
the elastic roll. 

4. The process of claim 1 wherein the elastic roll has 
a Shore durorneter hardness of from 30° to 40°. 
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5. The process of claim 1 wherein the Web is creped 
in an area of less than one-half inch in the direction of 
travel of said web. 

6. The creped paper product produced by the process 
of claim 1. 

7. A process for making a creped, extensible and em 
bossed paper having a substantial amount of stretch and 
a toughness in excess of that of conventionally creped 
paper produced from the same pulp which comprises pass 
ing a paper web having a moisture content between about 
20% and about 60% through a nip formed by a hard roll 
and an elastic roll having a Shore durorneter hardness of 
from 10° to 45°, said hard roll being driven at a surface 
speed greater than the speed of said elastic roll, compres~ 
sively creping said web in ‘said nip while simultaneously 
impressing an embossed design on said web during its 
passage through said nip to increase the extensibility of 
said web in the cross-machine direction and smoothing 
one side of said web contacting the surface of said hard 
roll without disturbing the creped texture on the other 
side, and drying said web after passage through said nip. 

8. The process of claim 7 wherein the moisture content 
of the web is between about 30% and about 40%. 

9. The process of claim 7 wherein the hard roll is 
driven at a surface speed at least 8% greater than the 
speed of the elastic roll. 

10. The process of claim 7 wherein the elastic roll has 
a Shore durorneter hardness of from 30° to 40°. 
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11. The creped paper product produced by the process 

of claim 7. 
12. The process of claim 7 wherein spaced, parallel, 

longitudinal indentations are impressed in the web simul~ 
taneusly with the creping thereof without destroying the 
creped surface of the Web- between the indentations. 

13. The creped paper product produced by the process 
of claim 12. 
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