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. This invention relates generally to the art 
of making a light weight, long fibered, non 
hydrated, porous paper which is very soft and 
pliable, substantially lintless, and very absorb 
ent. Paper having these characteristics finds a 
large variety of uses, such, for example, as a base 
for stencils; for packing and cleaning lenses, it 
being lintless and free of abrasive material; as 
a wrapping for glassware and polished metals 
where flexibility and strength, Soft texture, and 
freedom from abrasives are important factors; 
in the electrical field where its extreme absorb 
ent characteristics are made use of to absorb 
electrical resisting solutions, thus making a di 
electric. for condensers, wire covering, and simi 
lar products; and to cover the wings of model 
airplanes where its lightness and ability to absorb 
the “dope' are factors. 

Heretofore, so far as I am aware, paper of this 
general sort has been made exclusively by hand. 
and only in small sheets. Such hand-made paper 
(known as Japanese yoshino paper, as it is prin 
cipally made in Japan where labor is very cheap) 
leaves much to be desired in the way of strength 
and durability, uniformity of thickness and dis 
tribution of fibers, the absence of lint, and other 
qualities. Such yoshino paper is made up of 
fibers varying greatly in length from one another, 
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some of the fibers being relatively minute and 
others being crushed or frayed, resulting in a 
paper which, to a noticeable degree, is linty and 
which has thin or weak spots rendering it not 
entirely satisfactory for certain uses, such, for 
example, as a base for stencils. The hand Oper 
ations employed in making yoshino paper are 
slow and tedious resulting in a paper procurable 
only in small sheets and which can only be sold 
at a relatively high price. Various efforts have 
been made to manufacture tissue paper of this 
general sort by machinery but these attempts 
have been abortive. 
The aim of the present invention is to provide 

an improved process for economically manufac 
turing a light weight, long fibered, non-hydrated 
paper of extremely good quality, and of a uni 
form and even weight, texture and thickness 
throughout. By proceeding in accordance with 
the present invention, an extremely fine quality 
of paper may be made in a continuous sheet of 
any desired length at a relatively low cost. The 
resultant paper has many advantages over yo 
shino paper, among which may be mentioned that 
it is more uniform and even in texture and, for 
all practical purposes, is lintless. 
In the accompanying drawing: 

Renewed January 28, 1935 
19 Claims. (C. 92-14) 

Figure 1 is a top plan view of a machine, shown 
more or less diagrammatically, and which may 
be advantageously used when carrying out a 
portion of my improved process; 

Fig. 2 is a side view thereof; and 
Fig. 3 is a detail view, the same being a longi 

tudinal Section through the head box and the 
breast roll end of the Fourdrinier wire. 
In carrying out the improved process, vege 

table fibers of the Musa family, especially of the 
banana species and more particularly, and by 
preference, fibers of Musa teactilis are employed. 
Musa teactilis, in the raw stock, is composed of 
structural fibers of pure cellulose encrusted with 
ligno material and held together by gums and 
waxes. The structural fibers from such stock 
are more or less-uniform in length, the length 
of the fibers varying from about 4 to 7 milli 
meters and there being no minute fibers which 
will produce lint in the finished paper. These 
fibers are relatively cylindrical and have tapered 
or pointed ends and have little or no tendency 
to curl Or twist so that they will not become 
entangled or matted but, on the other hand, they 
will remain separated from one another when 
suspended in a large volume of water. I have 
found, by experimentation, that Ordinary fibers 
used for producing paper are not suitable for this 
type of tissue. Fibers like linen and cotton tend 
to twist together in the process thereby forming 
bundles which give a clotty effect in the finished 
paper. Fibers like wood (as bleached sulphite) 
are too short and, therefore, give a lint to the 
finished paper which is undesirable. 
The fibers, having been selected, are separated 

by chemically digesting the stock and then stir 
ring the same without mechanical pressure SO 
as to prevent hydration of the fibers or change 
in the physical characteristics of the structural 
fibers, there being substantially no shredding, 
flattening, fraying, or breaking of the individual 
fibers. By preference, during the digesting oper 
ation, the stock is subjected to a chemical action 
which is very drastic in order to dissolve and 
remove practically all of the gum and resinous 
substances and the ligno or encrusting constitu 
ents from the fibers so that the structural fibers 
may be then fully separated by a mere stirring 
action in solution and without pressure or hydra 
tion. While the conditions under which the stock 
is digested may be varied somewhat, I have found 
that by proceeding as follows the desired results 
are obtained, it being understood that while I 
describe the preferred conditions, the invention is 
not specifically limited thereto except as pointed 
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2 
out in the accompanying claims. The raw stock 
is put into a rotating boiler and cooked in a very 
strong alkaline solution, such as caustic soda, for 
a long duration of time and under high pressure 
and at a temperature of about 320 F. The caus 
tic ratio of one pound of sodium hydroxide to 
two and one-half pounds of dry stock is found 
very satisfactory as it is strong enough to dis 
solve the gummy and resinous material and still 
not too strong to affect or destroy the character 
istics of the structural fiber. Preferably, the 
caustic liquor for the cook is approximately 7% 
sodium hydroxide. The pressure for the cook is 
preferably at least one hundred pounds per 
square inch above atmosphere, and the duration 
of the cook is preferably twenty-four hours at 
least. This drastic action is very much in excess 
of the usual treatment given stock prior to this 
invention, the alkaline strength of the cook being 
four or five times that heretofore employed. 
The digesting operation having been completed, 

the stock is drained, and then the drained, cooked 
stock is thoroughly washed and the fibers are 
separated by subjecting them to a mere stirring 
operation in solution in such manner that the 
fibers are not subjected to any mechanical pres 
sure and, therefore appreciable hydration there 
of is avoided. The de-fibering and Washing Op 
erations may be carried out in any suitable ma 
chine or machines. If desired, a beater, such 
as a Hollander, may be employed, not as a beater 
but as a stirrer. In such case, the beater roll is 
so adjusted with respect to the bed plate that 
the stock is not subjected to any mechanical 
pressure. It may be said here that, when the 
stock is subjected to pressure, the characteristics 
of the fibers change, and the fibers become hard 
and relatively stiff. Heretofore, in the manufac 
ture of usual paper, high pressure was applied to 
the stock by the beater roll for a relatively long 
period of time. The beater may be provided with 
a suitable washing mechanism, such as the usual 
cylindrical washer, by means of which the chem 
icals used in the digesting operation, the suspend 
ed or dissolved gummy or resinous Substances, 
and all other impurities are removed from the 
fibers. In actual Operation, the Complete Sep 
aration of the fibers takes about five minutes, 
but the machine is continued in operation for a 
considerably longer period of time in order that 
the stock may be thoroughly washed free of all 
foreign matter and impurities. After the stock 
has been thoroughly washed, it is in condition to 
be formed into a web. 
In forming the fibers into a web of paper, the 

fibers are suspended in an extremely large pro 
portion of water, and the dilute Suspension thus 
formed is made to flow freely and rapidly through 
a transverse moving Screen leaving the fiberS de 
posited on the screen. The dilute suspension 
most desirably contains about one pound of dry 
fiber to twenty-five tons of Water; that is, it has 
a consistency expressed as .002%. While I found 
it possible, with less desirable results, to use a 
consistency as high as .012% it will be recog 
nized that even in this case the Suspension is 
properly characterized as "dilute' to distinguish 
it from Ordinary paper-making Suspensions, 
whose consistency is of an entirely different or 
der, being between .2% and .5%. 
This highly diluted, non-hydrated stock is Sup 

plied to a traveling, upwardly inclined portion of 
a wire or screen; the water flows freely and rap 
idly with an avoidance of eddy currents through 
the wire and through the web of fibers deposited 
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2,045,095 
on the wire, and the fibers are deposited evenly 
on the wire in a web without any rolling or rip 
pling effects, whereby a paper web of any desired 
length and of uniform and homogeneous tex 
ture throughout and free of clots may be had. 
These results are not possible with Fourdrinier 
machines as heretofore made, as it has been and 
is the usual practice to horizontally arrange the 
wire or to decline it at the desired angle from 
the breast roll end. With such an arrangement, 
where the Stock is greatly diluted, a rolling effect 
is produced, it being observed that the stock is 
flowed onto the wire in the direction of the move 
ment of the Wire. It is also of importance to 
note that, if the fibers were hydrated, the char 
acter of the web formed on the screen would be 
such as to prevent the water from flowing rapidly 
and freely through the screen and the Web So that 
the desired results could not be obtained. By 
proceeding in accordance with the present in 
vention, wherein the fibers are not hydrated, a 
very high dilution may be used, as the character 
of the web formed upon the wire is such as to not 
appreciably retard the free and rapid flow of the 
water through the screen and the web as the lat 
ter is formed thereon. 
In the accompanying drawing, there is shown, 

more or less diagrammatically and for illustra 
tive purposes only, an improved machine on which 
the step of forming the web may be advanta 
geously carried out. The machine has certain ele 
ments and instrumentalities which are of old 
and well-known constructions and which, there 
fore, are not shown in detail and need not be ex 
plicitly described. In accordance with the pres 
ent invention, the Fourdrinier wire W at the wet 
or breast roll end of the machine is sharply in 
clined upwardly and rearwardly, as at 9, and this 
transverse portion 9 forms, so to Speak, a perfo 
rated, inclined and movable wall of a box or pond 
in which is maintained a predetermined level of 
the highly diluted stock So that, as the Wire 
moves upwardly, the water from the box flows 
rapidly, under the force of gravity only, through 
the wire, and the fibers are deposited on the Wire 
in an even and uniform manner without rolling 
or rippling. The Fourdrinier wire is preferably 
of a relatively coarse mesh, say fifty meshes per 
Square inch, and, at the front Or Wet end of the 
machine, passes over a breast roll 0. 
delivery end of the machine, the wire passes 
about a suitable couch roll . The return por 
tion of the wire may be guided by suitable idlers 
2. The upper or working run of the Fourdrinier 
wire is supported by table or tube rolls 3 which 
are supported by a frame having an upwardly 
inclined portion 4 at the breast roll end of the 
machine and a longer, downwardly inclined por 
tion f 5 extending to the delivery end of the ma 
chine. Preferably, the inclined portion 9 of the 
Fourdrinier wire has an angle of approximately 
45 to the horizontal plane. 
Immediately behind the breast roll and below 

the sharply inclined front portion of the Four 
drinier wire is positioned a save-all 2 into which 
the water flowing through the Fourdrinier wire 
is adapted to drop. Adjacent the delivery end 
of the machine, and positioned beneath the up 
per run of the Fourdrinier wire, are a plurality 
of Suction boxes 22 which are maintained under 
a partial vacuum So that the greater part of the 
water remaining in the wet sheet is Sucked out. 
These suction boxes may be of any suitable num 
ber, and, as they may be of an old and well 
known construction, they are shown diagram 

At the 
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2,045,095 
matically only. The machine is, of course, pro 
vided with the usual pressers and driers, but as 
these form no part of the present invention, they 
are not disclosed. 

Located at the forward end of the Fourdrinier 
wire is a head box or pond B which is in open 
communication with the inclined portion 9 of the 
Fourdrinier wire. The box may have a pair of 
rearwardly extending side walls 30 which are 
Spaced apart a distance less than the width of 
the wire, and the rear edges 30' of these side 
walls are inclined correspondingly to the inclina 
tion of the wire. Any suitable means may be em 
ployed for preventing the diluted stock from flow 
ing laterally between the side walls 30 and the 
Fourdrinier wire, rubber rulers 3 being shown for 
this purpose. Instead of Such rulers, the usual 
"deckle straps' may be used. The space between 
the side Walls 30 may be provided with an ele 
wated bottom 32 which is located immediately 
above the breast roll. The rear edge of this bot 
tom extends into close proximity to the Four 
drinier wire. The box may be provided with a 
transversely extending underflow dam or baffle 
34. It may also be provided with a mixing roll R. 
In the present illustrative disclosure, there is 

shown a mixing box M. discharging into the head 
box. This box may be in the form of a relatively 
long inclined trough provided with baffles 35. The 
water and stock may be supplied to the mixing 
box in any suitable way, as by means of sluices 
Or troughs, but, by way of illustration, I have 
shown a pipe 36 which may be used for deliver 
ing Water to the upper end of the mixing vat, and 
a pipe 37 which may be used for delivering the 
stock, partially diluted, to the top of the mixing 
box. The water from the save-all is, of course, 
returned to the head box. 

The operation of the machine will be clear 
from the foregoing description taken in connec 
tion with the accompanying drawing. It is ob 
served, however, that a body of highly diluted 
Stock is maintained in the head box and the 
Water flows rapidly through the inclined portion 
of the Fourdrinier wire while the fibers are de 
posited on the Wire in the form of a web the 
thickness of which may be determined by the 
speed of the wire. The web may be of unlimited 
length as compared to its width. The water flows 
from the head box through the wire very rapidly 
and freely with an avoidance of eddy currents so 
that an even distribution of the fibers on the screen 
is assured. The fibers extend in all directions so 
that the paper has no grain and, therefore, it is 
of equal strength and equal absorbency in all 
directions. V. 
As many changes could be made in the above 

construction and many apparently widely dif 
ferent embodiments of this invention could be 
made without departing from the Scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompanying 
drawing shall be interpreted as illustrative and 
not in a limiting sense. 

It is also to be understood that the language 
used in the following claims is intended to cover 
all of the generic and Specific features of the in 
vention herein described and all statements of the 
scope of the invention which, as a matter of lan 
guage, might be said to fall therebetween. 

I claim as my invention: 
1. In the process of manufacturing paper hav 

ing the characteristics described, digesting stock 
having long fibers devoid of twisting tendencies 
to an extent where the fibers may be subsequent 

3 
ly Separated without pressure, separating the di 
gested fibers without mechanical pressure or hy 
dration, suspending the fibers in an extremely 
large proportion of water, and depositing the 
fibers on a traveling meshed sheet-forming screen 5 
while permitting the water to flow rapidly and 
freely through the screen. 

2. In the process of manufacturing paper hav 
ing the characteristics described, digesting stock 
having long fibers, devoid of twisting tendencies 0 
to an extent where the fibers may be subsequently 
Separated without pressure, separating the di 
gested fibers without mechanical pressure or ap 
preciable hydration, suspending the fibers in an 
extremely large proportion of water, the consist- lis 
ency being no more than .025%, and depositing 
the fibers on a traveling meshed sheet-forming 
screen without rolling action. 

3. In the process of manufacturing paper hav 
ing the characteristics described, subjecting stock 20 
of the Musa family to a digesting operation to 
an extent where the fibers may be subsequently 
separated without pressure, separating the fibers 
in Solution without mechanical pressure or hy 
dration, Suspending the separated non-hydrated 25 
fibers in a large proportion of water, and deposit 
ing the fibers on a traveling transverse sheet 
forming Screen without rolling action while per 
mitting the water to flow rapidly through the 
Screen. 

4. In the process of manufacturing paper hav 
ing the characteristics described, digesting stock 
having long fibers devoid of twisting tendencies 
to an extent where the fibers may be subsequently 
separated without pressure, separating the di- 35 
gested fibers without mechanical pressure or hy 
dration, highly diluting the non-hydrated stock, 
and maintaining a body of the highly diluted 
stock against the upper surface of an upwardly 
travelling inclined portion of a Fourdrinier wire 
whereby the non-hydrated fibers are deposited on 
the wire in a web while the water flows freely and 
rapidly through the wire and the web as it is 
formed thereon. 

5. In the process of manufacturing paper hav 
ing the characteristics described, chemically di 
gesting fibers of Musa teactilis to an extent where 
the fibers may be subsequently separated without 
pressure, Washing the digested stock and sepa 
rating the fibers by a stirring action in solution 
Without mechanical pressure or hydration, Sus 
pending the separated fibers in a large propor 
tion of water, the consistency being .012% or less, 
and maintaining a body of dilute stock in solu 
tion against the upper surface of an upwardly 55 
traveling inclined portion of a Fourdrinier wire 
whereby the fibers are deposited on the wire and 
the water flows through the wire. 

6. In the process of manufacturing paper hav 
ing the characteristics described, cooking stock 60 
having long, narrow fibers devoid of twisting tend 
encies in a strong cooking Solution at a pres 
sure of at least one hundred pounds per square 
inch and at a temperature of approximately 320° 
F. for a duration of approximately twenty-four 
hours, washing and defibering the cooked stock 
without applying preSSure thereto, diluting the 
stock to an extremely low consistency, and de 
positing the stock on a traveling meshed wire to 
form a sheet. 

7. In the process of manufacturing paper hav 
ing the characteristics described from stock of 
the Musa genus, cooking the stock in a strong 
COOking Solution for a long duration of time and 
under high pressure, Washing the cooked stock 75 
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4. 
and defibering the same without hydration there 
of, diluting the defibered stock to a consistency 
of .025% or less, and depositing the stock on a 
traveling meshed sheet-forming member without 
rolling action. 

8. In the process of manufacturing paper hav 
ing the characteristics described, digesting Stock 
having long fibers devoid of twisting tendencies 
to an extent where the fibers may be subsequently 
separated without pressure, and separating the 
digested fibers by a stirring action in Solution 
without mechanical pressure or hydration. 

9. In the process of manufacturing paper hav 
ing the characteristics described, Subjecting fibers 
of the banana species to a drastic chemical di 
gesting operation to an extent where the fibers 
may be subsequently separated without pressure, 
and then separating the fibers in solution without 
mechanical pressure or hydration. 

10. In the -process of manufacturing paper 
having the characteristics described, chemically 
digesting fibers of Musa teactilis to an extent 
where the fibers may be subsequently separated 
without pressure, and washing the digested stock 
and separating the fibers by a stirring action in 
solution without mechanical pressure or hydra 
tion. 

11. In the process of manufacturing paper 
having the characteristics described from stock 
of the Musa genus, cooking the stock in a strong 
alkaline solution for a long period of time and 
under high pressure and temperature, washing 
the cooked Stock, and defibering the stock With 
out hydration thereof. 

12. In the process of manufacturing paper 
having the characteristics described, cooking 
stock having long, narrow fibers devoid of twist 
ing tendencies in a strong alkaline solution at a 
pressure of at least one hundred pounds per 
Square inch and for a duration of time of at 
least twenty-four hours, and washing and de 
fibering the cooked stock without applying pres 
Sure thereto. 

13. In the process of manufacturing paper 
having the characteristics described, cooking 
stock having long, narrow fibers devoid of twist 
ing tendencies in a strong alkaline Solution at a 
pressure of at least one hundred pounds per 
Square inch and at a temperature of Substan 
tially 320 F. for a duration of approximately 
twenty-four hours, Washing the stock, and de 
fibering the cooked stock without applying ap 
preciable pressure thereto. 

14. In the process of manufacturing paper 
having the characteristics described, cooking 

2,045,095 
stock having long, narrow fibers Substantially 
devoid of twisting tendencies at a pressure of at 
least one hundred pounds per Square inch and 
at a temperature of at least 320 F. for a dura 
tion of Substantially twenty-four hours in a 
Solution of Substantially Seven percent Sodium 
hydroxide, there being a caustic ratio of one 
pound of Sodium hydroxide to approximately two 
and one-half pounds of dry stock, washing the 
stock, and defibering the cooked stock without 
applying appreciable pressure thereto so as to 
avoid hydration. 

15. In the process of manufacturing paper 
having the characteristics described, suspending 
the separated non-hydrated fibers in an ex 
tremely large proportion of Water, and depositing 
the fibers on a traveling meshed sheet-forming 
Screen while permitting the water to flow rapidly 
through the screen. 

16. In the process of manufacturing paper 
having the characteristics described, suspending 
the separated fibers in an extremely large pro 
portion of Water, the consistency being no more 
than 0.25%, and depositing the fibers on a travel 
ing meshed sheet-forming screen without rolling 
action. 

17. In the process of manufacturing paper 
having the characteristics described, suspending 
Separated long, narrow fibers substantially de 
void of twisting tendencies in a large proportion 
cf water, the consistency being .012% or less, 
and depositing the fibers on a traveling meshed 
sheet-forming screen without rolling action 
while permitting the water to flow rapidly 
through the Screen. 

18. In the process of manufacturing paper 
having the characteristics described, Suspending 
the Separated fibers in a large proportion of 
water, the consistency being no more than .025% 
and maintaining a body of dilute stock in Solu 
tion against the upper surface of an upwardly 
traveling inclined portion of a Fourdrinier wire 
whereby the fibers are deposited on the Wire 
and the water flows rapidly through the wire. 

19. In the process of manufacturing paper 
having the characteristics described, suspending 
the separated fibers of Musa teactilis in a large 
proportion of water the consistency being ap 
proximately .002% and maintaining a body of 
dilute Stock in Solution against the upper Sur 
face of an upwardly traveling inclined portion 
of a Fourdrinier wire whereby the fibers are 
deposited on the wire and the water flows rapidly 
through the wire. 
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