
NOV- 30, 1965 J. D. BOADWAY ETAL 3,220,914 
MANUFACTURE OF CREPE PAPER 

Filed Dec. 27, 1960 2 Sheets-Sheet 1 

r4 ' r4 

PAPER 

JOHN D. BOADWAY 
RICHARD COLL/NS 

ATTORNEYS 

F I G 3 /NVENTORS 



NOV- 30, 1965 J. D. BOADWAY ETAL 3,220,914 
MANUFACTURE OF CREPE PAPER 

Filed Dec. 27, 1960 2 Sheets-Sheet 2 

I 

I 
| 

I -/5 COMPRESS/ON | Lu 
—-— ORCE I 55 

ELASTIC I 55 
---- ‘ ' COMPRESSION I , 

TOTAL I EL 
COMPRESSION l 55 

| 

I‘ / 
l 
I 
I I | 

‘2’ | 
(I /.O - I -/O. 

3 2 

u - 2 

1r 35> 9 
O Q: (0 
LL 1 lg (11 
2 I E L“ 

| 95 D: 9 | 0Q CL 
8 I Q5 % 
Lu 1 Qc: o 
E , I <1 
2 ' Edi °\° 
a ' ' R 
05- I —5.0 

I I 

' I'\ 

i l 
l I 
I I 

’ I 

I 
I 

/ I '\ ______________ __ I 
/ I 

I ELASTIC COMPRESSION 
: W/LL BE LOST 

I ' I 
'2 '/ I I '2 

‘MOI-1'53 
IjEO/O/v / 2 3 5I6 7 

FIG 4' /NVENTORS 

JOHN D. BOADWAY 

RICHARD COLL/NS 

BY_ W a“ 
ATTORNEYS 



United States liatent C 
1 

3,220,914 
MANUFACTURE OF CREPE PAPER 

John D. Boadway and Richard Collins, Grand’Mere, 
Quebec, Canada, assignors to Consolidated Paper 
Corporation Limited, Montreal, Quebec, Canada 

Filed Dec. 27, 1960, Ser. No. 78,474 
19 Claims. (Cl. 161—128) 

This invention relates to the manufacture of crepe 
paper. 
The creping of paper has been practised on a commer 

cial scale for many years during which time little change 
has taken place in the methods employed. Essentially, 
the most commonly-used method involves doctoring or 
scraping a paper web from a cylinder to which the web 
adheres in a manner such that the web approaching the 
doctor blade is compressed while in contact with the cyl 
inder and buckles into a folded or wrinkled structure. 
Such a method as described, for example, in US. Patent 
No. 790,023 (Arkell) issued May 16, 1905. Following 
this creping step, the wrinkled or creped web may, if de 
sired, be pressed by passing it between two rolls. 

Creping, as described above, may be practised in two 
ways: dry creping, in which the creping process is applied 
to a completely dried sheet and wet creping, in which the 
creping is done on a partially dried sheet or on a 
thoroughly dewatered, pressed sheet. After the creping 
operation, the drying of the sheet is completed. A fur 
ther form of wet creping, commonly known as “off ma 
chine creping” involves the rewetting of a completely 
dried uncreped sheet followed by a wet creping. The 
method of the present invention relates primarily to wet 
creping. 
For creping to take place it is neoesasry that the sheet 

of paper be pressed on and adhere to the creping cyl 
inder or roll. The sheet is doctored off the cylinder and 
varying degrees of compression can be imparted to the 
web depending on the angle between the creping doctor 
and the roll, the adhesion between the web and the cyl 
inder and other factors. The sheet is compressed ahead 
of the creping doctor and the web slips on the cylinder 
and is “crowded together.” The compression force and 
amount of “crowding together” is progressively less at 
greater distances from the doctor due to the effect of fric 
tion between the web and the roll. Immediately in front 
of the doctor the compression force becomes so high that 
the web buckels away from the cylinder and becomes 
folded over repeatedly so that it slides out on the doctor 
in pleated form. 
One difliculty with this regular creping method is that 

the folded structure often tends to pull out in subsequent 
handling by paper machines and pulls out too readily in 
the ?nished product. Thus, while the paper is stretchable, 
the resistance to the stretching force is very small. Fur 
thermore, the sheet which is produced generally has rela 
tively deep pleats which prevent intimate contact between 
the sheet and the dryers thus making the drying process 
di?icult and inefficient. ' 

Attempts have been made to reduce both these di?‘icul 
ties by putting the creped sheet through a pair of rollers. 
This irons the large folds in place thereby increasing the 
force required to pull them out. However, small folds 
and any sheet compression are usually lost as the sheet 
is fairly free to elongate during its residence in the nip. 

It is therefore a main object of the present invention to 
provide a means by which the degree of crepe can be set 
over a wide range, and also a product, relatively smooth 
in surface structure, having high tensile properties 
throughout its limits of stretchability. 
The method of manufacturing crepe paper according to 

the present invention comprises causing a web of paper 
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to adhere to a ?rst conveyor means with a ?rst peripheral 
speed and transferring the web of paper by longitudinal 
movement to a second conveyor means moving with a pe 
ripheral speed less than ?rst peripheral speed, and causing 
the web to be freed from adherence to the ?rst conveyor 
means. The web passes between and in contact with both 
said conveyor means, after which it is freed from contact 
with at least the ?rst conveyor means. The web is com 
pressed immediately after creping while held in the short 
ened or creped condition so as to press the crepe in place 
and to prevent the crepe from “pulling out”. 
More speci?cally, the web of paper is passed through 

a nip formed between two rolls rotating in mutually op— 
posite directions and with different peripheral speeds. 
The web of paper is made to adhere to the roll having 
the faster peripheral speed before entering the nip, is 
creped, pressed between the rolls, and then is freed from 
adherence to the faster roll, after passage through the 
nip. The web may adhere to the slower moving roll 
after passage through the nip, but this is not essential; all 
that is necessary is that the web should not adhere to 
the faster moving roll after passing through the nip. 
Apparatus according to the invention for carrying out 

the above process comprises a ?rst roll, a second roll 
forming a nip with the ?rst roll through which nip a web 
of paper is adapted to be passed and compressed during 
such passage, and a drive mechanism adapted to rotate 
said rolls in mutually opposite directions at speeds such 
that the peripheral speed of the second roll is less than 
that of the ?rst roll. 
From the above, it will be seen that the web of paper 

is pressed while it is held by pressure of the nip in its 
shortened or creped condition. The method according 
to the invention, therefore, eliminates a disadvantage of 
present creping methods in which the pressing is done at 
an appreciable time after, and at a distance from, the crep 
ing operation such that the web has been removed from 
the roll and much of the original crepe is lost. In ad 
dition, the method according to the invention imparts 
desirable properties to the ?nished product. Whereas 
in existing creping methods the sheet buckles and folds 
as material accumulates in front of the doctor, in the 
method according to the invention the sheet need only 
compress and wrinkle su?iciently to match the speed of 
the second roll. Hence, by adjusting the differential speed 
to a proper value, the crepe can be made much ?ner and 
more uniform. Different creping may be obtained by 
varying the differential speed. Also, whereas when a con 
ventionally creped sheet is pressed in a conventional roll 
nip the small wrinkles are ?attened, lengthening the web, 
according to the present invention the web is held in 
compression as the nip pressure increases to its maximum 
value. This not only presses the small wrinkles in place 
and bonds them together but causes a certain amount of 
the elastic deformation which takes place ahead of the 
roll nip to become a permanent deformation. The im 
parted crepe is less likely to be lost in subsequent opera 
tions on the web. In fact, by proper adjustment of such 
variables as the nip pressure and differential speed, etc., 
it is possible to impart desirable properties, such as 
stretchability to the ?nished product without actually 
visibly creping the web. The pressing action also leads 
to a ?at, smoother sheet enabling more e?icient heat 
transfer when the sheet comes into contact with the dry 
ing cylinders. 
The ?nal product will be superior in many ways to 

conventional creped paper. The paper, while highly 
stretchable, will exhibit less visible crepe and the force 
required for extension will be greater than that for ordi 
nary creped paper. In addition, it will be possible to 
obtain a smoother, better printing surface at least on one 
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side of the sheet, than is possible by present conventional 
creping methods. 
The invention will now be described with reference to 

the accompanying drawings, in which: 
FIGURE 1 shows a plan view of apparatus capable of 

carrying out the process according to the invention, 
FIGURE 2 shows an elevation view of the apparatus 

illustrated in FIGURE 1, with the driving mechanism for 
the rolls omitted, 
FIGURE 3 is an expanded view, in section, of the paper 

web passing "between two of the rollers shown in FIG 
URES 1 and 2, and 
FIGURE 4 is a graph showing compressive force, elas 

tic compression and total compression in the paper web 
as a function of distance as the web passes through the 
regions shown in FIGURE 3. 
As shown in ‘FIGURES 1 and 2, the web 19 to be 

treated should be in a partly wet state and is ?rst pressed 
against a ?rst creping roll 12 by an auxiliary transfer 
roll 11. The nature of the surfaces of these two rolls 
should be such that the web 19 will adhere ?rmly to the 
?rst roll 12 after being pressed on by the transfer roll 
11. The ?rst roll 12 in operation forces the web ad 
hering to its surface into the nip formed between this ?rst 
roll 12 and a second creping roll 13. Both of these crep 
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25 
ing rolls 12 and 13 are connected to a driving mecha- ' 
nism, which in this example consists of couplings 15, 
gear reducers 16, variable gear drive 17 and belt drive 
18 (as shown in FIGURE 1), in such a way that the 
second roll 13 is run at lower peripheral or surface speed 
than the ?rst creping roll 12. The difference in pe 
ripheral speed of the two rolls should not be too great, 
so that the paper will not “crowd together” too much 
thereby causing irregular creping. The friction of the 
web against the second slow-moving roll causes it to be 
compressed in region 20 just before the nip, while it ad 
heres to the ?rst roll 12 at points ahead of the nip be 
tween the two rolls. This compression causes the web 
to slip on the ?rst roll 12 near the nip in response to the 
compression force and causes the web to be shortened 
and reduced in surface speed in order to match that of 
the second creping roll. 
The apparatus of FIGURE 1 also includes a lever 

mechanism 14 whereby the pressures between the rolls 
can be adjusted. The complex drive mechanism shown 
in FIGURE 1 can be simpli?ed to include a pair of 
gears between rolls 12 and 13 whereby constant speed dif 
ferential can be easily maintained. 
FIGURES l and 2 show the axes of the three rolls in 

one horizontal plane. This is convenient, since the rolls 
will all de?ect by their own weight giving even pressure. 
Rolls supported by their ends will de?ect under theirown 
weight; one might represent this diagrammatically by 
showing the long axis of the roll as a line with a sag or 
curvature. If this roll has to make contact with another 
roll (or any other object) the contact between the two 
will also contain this sag. The ideal condition therefore 
would be for the “sag” line (or axis curvature) of each 
roll to be the same so that the points ‘of contact (along 
the whole line of contact) will be uniform and the pres 
sure even along this line. The simplest way to approach 
this ideal condition is for the axes of these rolls to lie 
in one and the same horizontal plane. Where the rolls 
differ markedly in weight, size and material, i.e., in their 
de?ection characteristics, other arrangements might be 
desirable. Here it is assumed that the rolls are roughly 
similar in this respect. However, it is to be understood 
that the rolls may be differently arranged. It also may 
be desirable to use a fourth roll after roll 13 to assist 
in causing the web to follow roll 13. 
The present invention is best adapted to a given situa 

tion if the interaction between the different variables in 
volved is ‘understood. The adhesion force between a web 
and a roll is found to have time dependent and time in 
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4 
dependent components. The adhesion force obeys the 
equation: 

F,,=A+Be~ki 
Where 

Fa=The adhesion force “t” seconds after release of 
pressure. 

A=The adhesion force after in?nite time. 
B=A constant. 
k=A constant. 
t=The time after release of pressure. 

The mathematical form of the time-dependent com 
ponent is what one would expect if a vacuum were to be 
created between the web and the surface. The term “B” 
could be called the maximum vacuum force and “k” 
the porosity factor. On low speed paper machine op 
eration with a corresponding long time interval between 
pressing and creping, the effect of the term Be-kt be 
comes negligible, but it can increase the adhesion force 
on high speed machines. 
Adhesion force acts to hold the web to the roll face 

of the roll 12 in spite of a compression force which is 
‘built up. The maximum compression force which can 
be built up before the web buckles away from the roll 
is as given by the equation: 

, 2 

Fa : Far__ 12mV 

Where 

Fc=Compression force which can be applied to lbs./ 
lin. in. .. 

Fa=Adhesion force in 1bs./sq.in. 
r=Ro1l radius in inches. 
m==Sheet mass in lbs./sq.in. 
V=Surface velocity in ft./sec. 
g=Gravitational constant 32, ft./sec.2 

127)1'V2=Centrifugal force in ft. lb./in.2 

This equation shows the competition which exists between 
adhesion ‘and centrifugal forces. The importance of the 
latter however is very small except for sheets of very high 
mass on high speed machines. It is seen that the adhesion 
force is more effective in giving compression to the web 
with larger diameter creping rolls. 
The values of the constants “A” and “B” in the adhesion 

force equation are found to be dependent upon various 
factors. Higher nip pressures give rise to higher ad 
hesion forces provided the moisture content is correct for 
that pressure. The low moisture content webs adhere 
best with high nip pressures whereas high moisture con 
tent Webs adhere ‘better with lower pressures. Sheets 
with moisture contents below 30% adhere to roll surfaces 
with too little adhesion to be very effective, especially 
when ?ne creping is required. This interdependence of 
nip pressure and web moisture is important when attempt 
ingv to design the equipment and locate it with relation 
to the other components of the papermaking equipment. 
The above statements with regard to moisture content are 
applicable only to wet creping operations. A dry creping 
operation according to the invention will be described 
farther on. 
The adhesion to roll surfaces was also found to be a 

function of the material used. Chilled iron and granite 
surfaces Were found to have the highest adhesion forces 
and to be very satisfactory; rubber, while it possesses 
inuch higher frictional characteristics, has a low adhesion 
orce. 

The friction between the web and roll surface performs 
an important function in the process. The friction force 
is proportional to the area of web. For the web to com 
press on the surface of the ?rst roll it must slip and hence 
friction limits the region of sheet compression. More 
important, if the compression leads to buckling of the 
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sheet away from the roll surface due to the limit of the 
adhesion force having been reached, then friction limits 
the size of area buckling and hence the size of crepe or 
wrinkle. 
The friction per unit area generally bears a linear rela 

tionship to force between the web and the roll. The 
equation for such a force is: 

Fr=Frictional force per unit area. 
Fo=Frictional force per unit area with zero pressure. 
pzCoef?cient of friction. 
p=P~ressure between web and roll surface. 

The frictional properties of webs on surfaces do not 
appear to be affected to any marked extent by the mois 
ture content. The frictional properties are, however, in 
?uenced by the pressure which is used to press the sheet 
to the surface and also by the nature of the surface. 
The adhesion to surfaces is in?uenced by the tempera 

ture gradient between the surface and the web. It has 
been found that the adhesion to a hot roll in less than 
the adhesion to a cold roll. This is used to advantage to 
control the adhesion forces which are essential to the 
working of the present invention. For example, two 
iron rolls chilled to temperatures below the ambient tem— 
perature could be used for rolls 12 and 13 of FIGURE 2. 
The transfer of the web from roll 12 to roll 13 in nip 
20 could also be effected by heating roll 12 and cooling 
roll 13. Also, it has been found that the adhesion to 
surfaces is in?uenced by the wetness of the surface. In 
this case, the surface tension of the liquid ?lm supplies a 
bonding force. Thus, the web will transfer from a dry 
surface ‘to a wet surface of the same material. Hence 
in the example above transfer can be made by keeping 
roll 13 wet and roll 12 dry. 
The understanding of the process according to the 

invention would be incomplete without a knowledge of 
the way in which wet we‘bs deform. It has been found 
that wet webs have both elastic and plastic properties. 
Up to a limit, which could be termed “the elastic limit,” 
the web acts as an elastic material and will compress 
lengthwlse and expand again on release of the pressure. 
Beyond this point the sheet yields and deforms readily 
by a considerable amount, this deformation giving rise 
to a wrinkling of the sheet. The behaviour of a web in 
compression is in?uenced by its moisture content. The 
web behaviour is in?uenced by nip pressure perpendicular 
to the web surface during lengthwise compression but 
does not appear to be in?uenced by pressing prior to but 
not during sheet compression. One interesting observa 
tron is that the amount of elastic deformation which can 
take place is less at high than at low nip pressures. Thus 
with the process and apparatus as described in the present 
HIV-611E011 some of the elastic compressive deformation 
which takes place ahead of the nip of the rolls later be 
comes pressed in place. 
The above information allows an explanation of what 

happens as a web passes through the nip of the two rolls 
running at different peripheral speeds. FIGURE 3 shows 
a schematic arrangement of the roll nip. FIGURE 4 is 
a graph showing the compression force and deformations 
which might typically occur using two rolls, each 24" in 
diameter, running at a 12% differential in speed. 

In region 1 of FIGURE 3 the sheet adheres to the 
roll and is uncompressed. At a certain point, compres 
sion of the web begins and through region 2 the sheet 
deforms elastically slipping more and more with respect 
to the surface of roll 12 until the yield point is reached 
and in region 3 the web deforms and may wrinkle slightly 
on the side away from the roll to which it adheres. In 
region 4 this top side brushes roll 13, and since it will 
still have a slight relative movement to that roll, the 
wrinkling on the top will be pushed back. In region 5 
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6 
the sheet will have acquired the surface velocity of roll 
13 and will be slipping with respect to roll 12. In this 
region the sheet is pressed heavily in the nip between 
the rolls and some of the elastic compression which oc 
curred in region 2 becomes permanent. In region 6 the 
web is carried away on the surface of roll 13. 
FIGURE 4 presents an example of the deformation 

which might occur in such a process. 
Although larger rolls should be more effective, rolls 

at least 2 feet in diameter should preferably be used for 
carrying out the process according to the invention. The 
?rst roll should not be less than 8 inches in diameter and 
the second roll should be at least 1 foot in diameter. 
The two rolls which run at differential speeds must be 
connected together with a differential speed mechanism 
capable of transmitting high torque. The coefficient of 
friction of the web between the two rolls is high (in the 
order of 1) and hence the force between the rolls is of 
the order of the nip loading used between these rolls. 
Hence the drive to the ?rst roll must be designed to 
transmit power to the roll of: 

P‘_ 33,000 
Where : 

P1=Power to drive the ?rst roll (H.P.). 
S1=Surface speed of the roll (f.p.m.). 
N =Nip pressure lbs/in. of roll. 
W=Length of roll. 
,u=CO6f?Ci€11t of friction (approximately equal to l). 

The second roll which is run at low speed must be 
braked, i.e., power must be removed from it to act against 
the nip force. The drive must be capable of transmitting 
this braking power: 

_S2MNW 
P 33,000 

Where: 

P2=Power to be removed by slower moving roll. 
S2=Surface speed of slower moving roll in f.p.m. 

The differential speed mechanism will feed this power 
back to the ?rst roll so that the power consumption of 
(P1—P2) in the process will be: 

Consider roll 12 of FIGURE 2. Its rotation relative to 
roll 13 is such as to oppose the force applied to the web 
by roll 13, i.e., it must force the sheet into the nip formed 
by the two rolls 12 and 13, hence, power must be ap 
plied to the roll 12 (power, that is, in addition to the 
usual power which is used to overcome bearing friction, 
etc.). On the other hand, while the two rolls rotate in 
opposite directions, their surfaces at the nip are moving 
in the same direction, therefore at the nip the surface of 
roll 13 moves in the same direction as the forces applied 
by roll 12, and thus power must be taken out of roll 13 
by its own drive mechanism. That is, roll 13 in a sense 
is acting as a brake. Obviously then, power must be 
transferred from roll 12 through the web to roll 13. Be 
cause the force on one roll must equal the force on the 
other and since roll 13 is slower than roll 12, there must 
be a loss of power corresponding to the difference in sur 
face speeds. If the rolls are rigid and cannot deform, 
then it is the web that deforms and this work goes into 
rearranging the ?brous components of the paper web. 
The relative speeds of the machinery preceding and fol 

lowing the creping apparatus must be such that the paper 
after creping will be moving at slower speed. This slower 
speed should be slightly higher than the surface speed of 
roll 13 since a small part of the compression will be pulled 
out in pulling the web from the roll 13. 
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The nip pressures to be employed for the process can 
be varied to obtain the required paper properties to com 
pensate for such factor as moisture content. The pres 
sure at the nip of the rolls 11 and 12 pressing the web 
onto the ?rst roll 12 in?uences the adhesion and friction 
of the web on the roll surface and hence the ?neness of 
crepe. The pressure between the two differential speed 
rolls influences the pressing in of the crepe product and 
hence the ?atness and mechanical properties of the ?n 
ished sheet. 
The roll surfaces of rolls 12 and 13 should be such as 

to give maximum adhesion and friction if the ?nest crepe 
with maximum extension force, or resistance to stretching 
is desired. The surfaces should have a ?ne ?nish for best 
adhesion and friction so as to enable the web to slip 
over the surface without breaking the adhesive bond. 
Roll 13 should have a slightly higher adhesion and fric 
tion than roll 12 (with relation to the web) so that the 
web will transfer from roll 12 to roll 13. This may be 
accomplished by a proper selection of roll materials or 
the nature of the roll surfaces or, as mentioned above, 
by maintaining the rolls at a different temperature or 
moisture level. For example, using polished iron rolls 
for roll 12 and roll 13, roll 12 may be steam heated from 
the inside and roll 13 water cooled from the inside. 

Referring to FIGURES 1 and 2, the auxiliary trans 
fer roll 11 should generally be of a soft material such as 
rubber so that the wet web can be pressed evenly ‘onto 
the ?rst roll 12. Alternatively, a simple Wet felt carrying 
the web may be used to press the web against the ?rst 
roll. The ?rst roll 12 may be either of hard or soft elastic 
material, whereas, the second roll 13 should be of hard 
material. 

If a hard material is used for roll 12, the surface of 
the roll cannot distort and as result shear will occur in 
the nip. As mentioned the adhesion and friction prop 
erties of rolls 12 and 13 should be such that the slippage 
as a result of the shear at the nip centre occurs between 
the web and roll 12 rather than between the web and roll 
13 so that the web on the outgoing side of the nip will 
follow roll 13. The shear which occurs gives rise to some 
displacement in the web itself, moving ?bres which are 
not well bonded so that better ultimate strength proper 
ties can be achieved. The strength of a sheet can be re 
lated to its bonded area, i.e., to the area of contact be 
tween the individual ?bres. If a sheet is compacted by 
moving ?bres together, more points of contact are created 
(or the bonded area increased), so that one can assume 
that after a pressing operation, as takes place in the nip 
(between rolls 12 and 13) following this ?bre moving, 
that the moist or dried web will have better strength 
properties than would be otherwise possible. 

If soft, elastic, rubber material is used for the ?rst roll 
12, the action is quite different. The rubber has a high 
coefficient of friction but low adhesion to the wet web, 
and can itself stretch. Hence, with differential speeds 
between rolls 12 and 13 the surface of rubber roll 12 will 
be slowed down ahead of the nip in the regions described 
in FIGURE 3 as regions 2, 3 and 4, so that the surface 
speed in region 5 will match that of roll 13. On the out 
going side of the nip, the rubber surface will be in the 
stretched condition because of the braking effect of roll 
13. As a result of this, the Web will not slip on the sur 
face 'of roll 12 as it approaches the nip, but will compress 
with it ‘and because of low adhesion there will be a tend 
ency for a coarser crepe than would be the case for a 
hard roll. There will also be no shear at the nip centre 
as the surface speed of both rolls will be that of roll 13. 
On the outgoing side of the nip the rubber surface of 
roll 12 will suddenly snap back to its normal unstressed 
position and in so doing it will tend to free the web and 
allow it to follow roll 13. 

Thus, while the aforementioned creping process is 
operable using soft, resilient surfaces for the ?rst roll 12, 
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8 
the use of such surfaces is somewhat limited to the ex 
tent that its surface deformation characteristics are able 
to compensate for its relatively high friction character 
istics. In the case ‘of hard, relatively non-deformable 
surfaces, compression apparently takes place not through 
surface deformity but through a combination of shear 
‘and surface slippage of the web on the faster-moving 
roll 12. 
The proper selection of material for the surfaces ‘of 

rolls 12 and 13 is therefore an important consideration 
when using the method according to theinvention. The 
actual choice, however, is dependent somewhat on the 
paper properties desired in the ?nal product. 
The compression process can be carried out at vary 

ing moisture content through appropriate adjustment of 
nip pressures between the rolls. Difficulty will be en 
countered however When attempts are made to carry out 
the process with less than 30% water content in the paper 
web due to the tendency for webs of this moisture con 
tent to develop differential stresses which cause them to 
Wrinkle and cockle so that it is di?‘icult to make them ad 
here properly to a surface. On the other hand, if the 
process is carried out when the web is too wet, the com 
pression may pull out in later drying, since the web will 
be delicate at this high moisture content and the nip, pres 
sure in the process limited to low values. The upper 
limit of the moisture content is about 80% or less of the 
weight of the wet web. However, in the interests of 
economy, it will often be less expensive to carry out the 
process at moisture contents obtainable after the presses 
on a conventional paper machine, rather than at the 
lower moisture contents obtainable through an inter 
ruption of the drying operation. This creping process 
can, therefore, be carried out on a conventional paper 
machine either before drying or by interruption of the 
drying process. , 

In certain cases, it may even be desirable to perform 
the method according to the invention in successive or 
multiple operations, although the amount of creping can 
be varied considerably using only a single operation. 

In its usual form the process according to_ the present 
invention produces a product in which the crepe is slight 
ly wrinkle-d. The sheet transfer in the compression nip 
from roll 12 to roll 13. The wrinkling becomes more 
pronounced as the speed difference is increased and the 
adhesion to roll 13 becomes progressively poorer due to 
a combination of the higher speed differential and the 
roughness of the sheet surface. Finally at some point 
which depends on the relative surface adhesion of rolls 12 
and 13 the process becomes unstable and spasmatically 
the sheet leaves the nip adhering to roll 12 with no com 
pression imparted to it. 

However, if the differential in speed between rolls is 
further increased a point is reached at which the adhesion 
to roll 12 ahead of the nip fails and the sheet is folded 
over in a pleat which is then pressed ?rmly in place by 
the shear and pressure of the nip. The sheet then leaves 
the nip freely, adhering to neither roll 12 or 13. While 
the resultant sheet will have very high stretch properties, 
the force of extension will also remain high. 
While the above description applies to a newly-formed 

paper web, it is also possible to apply it to a previously 
formed and dried web as long as the dried web is rewetted 
sufficiently for it to conform to the usual characteristics 
of a wet web. 

It is also possible that the method according to the in 
vention could be applied to the dry creping of paper 
webs. For example, the conventional “doctor blade” 
could be replaced by roll 13, which would possess‘ fric 
tional properties higher than that of the roll over which 
the paper is passing, usually a “Yankee” dryer cylinder, 
and have a surface speed lowerthan that of the dryer 
cylinder. This would cause the sheet to slip on the dryer 
cylinder ahead of roll 13 and become pleated, then while 
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held in place this pleating would be pressed to the sheet 
'on passing through the nip. This coarse creping action 
together with the high frictional characteristics of roll 13 
would allow the sheet to break free from the dryer cyl 
inder. Essentially, then the system would be similar to 
that shown on FIGURE 2. In the operation of a Yankee 
machine, for example, the conventional pressure roll 
pressing the wet sheet on the Yankee dryer cylinder would 
represent roll 11, the dryer cylinder would represent roll 
12 and the creping doctor would be replaced by roll 13. 
What we claim as our invention is: 
1. A method of manufacturing crepe paper comprising 

causing a web of paper to adhere to a ?rst conveyor means 
moving with a ?rst peripheral speed, transferring the web 
of paper by longitudinal movement to a second conveyor 
means and causing the web to be freed from the ?rst con 
veyor means, the second conveyor means moving with a 
peripheral speed less than the said ?rst peripheral speed, 
the Web of paper passing between and in contact with 
both said ?rst and second conveyor means and being com 
pressed in a direction perpendicular to its surface while 
it is in contact with both said conveyor means, the surface 
of said second conveyor means being non-resilient. 

2. A method of manufacturing crepe paper comprising 
passing a moving web of paper adhering to a rotating ?rst 
roll through a nip formed between said?rst roll and a sec 
ond roll rotating in a direction opposite to the direction 
of rotation of the ?rst roll and having a lower peripheral 
speed than the ?rst roll, the web of paper being pressed 
between the rolls as it passes through the nip and being 
free from adherence to the ?rst roll after passage through 
the nip, the surfaces of said ?rst and second rolls being 
non-resilient. 

3. A method as claimed in claim 2 wherein the web of 
paper adheres to the second roll after passage through the 
mp. 

4. A method as de?ned in claim 2, wherein the web of 
paper is wet. 

5. A method as de?ned in claim 4, wherein the moisture 
content of the web is between 30% and 80% of the weight 
of the wet web. 

6. A method as claimed in claim 2, wherein the second 
roll has a higher coefficient of friction than the ?rst roll. 

7. A method as de?ned in claim 2, wherein the difference 
in peripheral speed of the two rolls is less than that re 
quired to produce a visible wrinkle in the web. 

8. A method of manufacturing crepe paper comprising 
causing a moving web of paper having a moisture content 
between 30% and 80% of the weight of the wet web to 
adhere to a ?rst cylindrical roll having a diameter of at 
least 8 inches passing the web through a nip formed be 
tween said ?rst roll and a second cylindrical roll having 
a diameter of at least 1 foot, said second roll rotating in a 
direction opposite to the direction of rotation of the ?rst 
roll and having a lower peripheral speed than the ?rst 
roll, the web being pressed between the rolls as it passes 
through the nip, and causing the web of paper to be freed 
from adherence to the ?rst roll after passage through the 
nip, the surfaces of said ?rst and second rolls being non 
resilient. 

9. A method as de?ned in claim 8, wherein the differ 
ence in peripheral speed of the two rolls is less than that 
required to produce a visible wrinkle in the web. 

10. A method as claimed in claim 8, wherein the web 
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of paper adheres to the second roll after passage through 
the nip. 

11. A method as de?ned in claim 8, wherein the second 
roll has a higher coe?icient of friction than the ?rst roll. 

12. A method as de?ned in claim 8, wherein the axes 
of rotation of the two rolls are horizontal. 

13. A method as de?ned in claim 8, wherein the axes 
of rotation of the two rolls lie in a horizontal plane. 

14. A method as de?ned in claim 2 wherein adhesion 
of the moving web of paper to the rotating ?rst roll is 
controlled by controlling the temperature of the ?rst roll. 

15. A method as de?ned in claim 2 wherein the relative 
temperatures of the ?rst and second rolls are controlled. 

16. A method as de?ned in claim 2 wherein the rela 
tive surface wetness of the ?rst and second rolls is con 
trolled. 

17. Apparatus for the manufacture of crepe paper com 
prising a ?rst roll, a second roll forming a nip with the 
?rst roll through which a web of paper may be passed and 
compressed simultaneously in two directions, one direction 
being that in which the paper is travelling and the other 
being that perpendicular to said direction of travel, the 
surface of said ?rst roll being non-resilient and character 
ised in that said web will slip on said ?rst roll when said 
web is compressed in said two directions, the surface of 
said second roll being non-resilient and characterized in 
that said web will not slip on said second roll but will ad 
here preferentially to said second roll when said web is 
compressed in said nip and shortened and reduced in sur 
face speed in order to match the surface speed of said 
second roll and will pass out from said nip not adhering to 
said ?rst roll, drive means adapted to rotate said rolls in 
mutually opposite directions at speeds such that the pe 
ripheral speed of said second roll is less than that of the 
?rst roll, and means adapted to control the nip pressure 
between said ?rst and second rolls. 

18. A method of manufacturing crepe paper comprising 
causing a moving web of paper having a moisture content 
between 30% and 80% of the weight of the wet web to 
adhere to a ?rst cylindrical roll having a diameter of at 
least 8 inches passing the web through a nip formed be 
tween said ?rst roll and a second cylindrical roll having a 
diameter of at least 1 foot, said second roll rotating in a 
direction opposite to the direction of rotation of the ?rst 
roll and having a lower peripheral speed than the ?rst 
roll, the web being pressed between the rolls as it passes 
through the nip, and causing the web of paper to be freed 
from adherence to the ?rst roll after passage through the 
nip, said ?rst rool having a soft elastic surface and said 
second roll having a hard surface. 

19. Paper produced by the method of claim 1. 
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