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4 Claims,

This invention relates to soft tissue papers,
which are strong when wet and primarily adapt-
ed for toilet and nursery purposes, and to a meth-

" od of preparing the same.
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In the manufacture of various sheet materials
and like products which are designed for per-
sonal use it is essential that they shall be freely
flexible and shall also present an .extremely
smooth and soft surface. For this reason cotton
cloth or worn linen has ordinarily been em-
ployed. But in general woven textiles are ex-
pensive, and they further more present serious
difficulties of disposal or laundering. On the
other hand, unwoven materials such as cotton
batting possess little or no mechanical strength
and consequently are too readily disintegrated to
serve as a sheet material and withstand any ap-
preciable wear. )

Paper has been resorted to as a substitute for
cotton cloth in many instances, such as for pa-
per towels, paper handkerchiefs, etc., on account
of cheapness and the fact that they may be
thrown away after using. But the inherent
physical characteristics of papers, generally, lim-
it their suitability for such purposes. Among such
characteristics may be especially noted the stiff-
ness of the sheet and also of the individual fibers,
the continuity and density of the matrix of hy-
drated cellulose, sizing, or fillers, in which the
fibers are embedded, the stiffening and hard-
ening effect of the same, the insufficiency or lack
of permeability and absorptivity of such sheets
in respect of gases and liquids, want of strength,
loss of strength and ready disintegration by fric-

tion or by wetting, or both; want of flexibility

(especially when folded or twisted) and wantjof
frictional wear resistance generally. Conse-
quently, while paper has been employed to some
extent (as for paper toweling, etc., above men-
tioned) it ordinarily does not possess sufficient
strength for anything but brief temporary use,—
or, if it possesses sufficient strength, its usefulness
is limited to those purposes in which extreme
softness of texture is not a desideratum.

It is accordingly an object of the present inven-
tion to provide a relatively thin, soft, flexible
sheet material of paper which shall possess suffi-
cient strength, particularly when wet, not only
to approach a light weight cloth or gauze in ten-
sile strength but to possess appreciable resistance
to wear and surface disintegration by friction. It
is also an object that such a sheet shall be freely
permeable or .porous to air and water or other
liquids, but preferably relatively impervious to

solids, semi-solids, or qolloidal suspensions. An-

(CL 92--3)

other object is to produce such a sheet having a
substantially open, randomly reticulate struc-
ture, in contrast to the closely formed matrix of
papers generally. A further object is that the
sheet material produced may be ultimately dis- 5
integrated by water or at least by the chemical,
mechanical or bacteriological action of ordinary
drainage. Other objects will appear from the fol-
lowing disclosure.

In accordance with the present invention, a 10
thin, light weight tissue paper is first prepared,
preferably from purified wood pulp, which con-
sists of fibers substantially of alpha cellulose and
which is substantially free of cellulosic matrix,
bonding matter, sizing, fillers, and the like, to 15
form a sheet of open formation, in which the
fibers are in a heterogeneous dispersed arrange-
ment or tangle, as shown upon microscopic ex-
amination.” A sheet of paper thus formed has
substantially no strength when wet and compara- 20
tively little strength when dry, the dry strength
depending upon the tangled arrangement of the
fibers rather than adhesion or bonding therebe-
tween. The lack or loss of mechanical strength
upon wetting may be due to two causes: first, 25
that the individual fibers quickly absorb water
and are thereby rendered limp; and second, that
the wetted fibers are permitted to slide freely
upon one another, on account .of their wetted
surfaces, so that they are readily separated un-
der tension. Probably both conditions obtain in
the wetted sheet. ' .

- More dense or thicker sheets may in some cases
be employed, but in order to provide and preserve
an open formation the sheet in such instances
will be either perforated with minute holes or
subjected to tension to disrupt the close arrange-
ment of the fibers. Again, the sheet may be very
loosely formed on the paper making machine.

In the practice of the present invention, a sheet 40
of paper of open formation, as above described,—
which is either thin and of light weight such as
tissue paper or if of slightly heavier weight is

30
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- purposely prepared in such manner as to give it a

comparable degree of flexibility, softness and free
permeability or porosity as already indicated,—is
.treated with a toughening (or converting) agent
which is adapted to render the alpha cellulose
fibers gelatinous and hence mutually adhesive
and cohesive. Subsequently the sheet is treat-
ed to remove the reagent and to make the thus
bonded fiber surfaces substantially insoluble in
water., The toughening agent characteristically
bonds the fibers together so that, upon subse-
quent wetting, the treated sheet (although of ap- 88
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"~ acts upon the alpha cellulosic fibers per se and
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proximately the same open texture and permea-
bility to gases, water, and the like, as the untreat-
ed sheet) is nevertheless tough and does not ex-
hibit serious loss of its mechanical strength, Con-

" sequently, it presents the anomaly of a sheet of
thin, open, porous paper which is relatively strong

while wet as well as when dry.
Typlcally, the toughening reagent is one which

converts the surface portions thereof-into co-
hesive films (without the addition of supplemental
cellulosic material thereto)—whereupon the su-
perficial cellulosic films thus formed of the fibers
merge or fuse at their points or areas of con-
tact; upon conversion or removal of the reagent
the bonded fibers have more or less water per-

meable but strong, water insoluble surfaces and -

bonding films between adjacent fibers. Thus, the
unwoven, unbonded, reticulated cellulose fibers
are transformed into a firmly honded but open
structured, freely porous sheet.
sulting sheet, which is also characteristically
freely flexible, may be used for purposes similar
to those for which sheets of soft cloth have here-
tofore been required, and not only are readily
and completely saturated by water but permit the
free penetration of water there*hrough. At the
same time the sheet retains substantially all of
its dry tensile strength or, in some instances, may
be of somewhat greater tearing streng'h when
wet than when dry. The latter appears to be due
to the orientation of the fibers in the direction

-of strain.

As one instance of the invention, the toughen-
ing agent thus employed may comprise a reac-
tive parchmentizing solution such as sulfuric acid
or zinc chloride, which will react with the cellu-

* lose fibers superficially to render them mutually

adhesive or cohesive and the integrated sheet
thus obtained is found to be rendered appreciably
resistant to subsequent disintegration by water,
In any event, the toughening agent may.be ap-
plied continuously in the form of a liquid treat-
ing bath, or discontinuously as a finely dissemi-
nated mist or coarse spray, when appropriate,
or it may be applied in the form of a positive,
continuous or discontinuous open-spaced pattern,
as by printing, or by other well known modes of
application. The residue of the toughening agent,
if any, is promptly removed or otherwise con-
trolled in its action upon the fibers, and the treat-
ed sheet, upon drying, may be regarded and used
as the finished product, or may be given other
treatments, as desired.

In this treatment, the open, randomly reticu-
lated structure of the fibrous sheet is preserved
in respect of the relationship of its fibers, so that
the treated sheet is, for example, substantially
as permeable to liquids as it was before the treat-
ment. It nevertheless manifests greatly increased
tensile strength when dry, and, even-after com-
plete and continued saturation with liquids such
as water, its strength is only slightly less or sub-
stantially equivalent to its dry s‘rength. Conse-
quently, this property renders the treated paper
applicable to many uses for which cloth has here-
tofore been regarded as indispensable, and not

only is the product thus obtained capable in many
ins*ances of replacing cloth but it is in many

respects preferable thereto. Moreover, while tem-
porarily resistant to water, it is thoroughly im-
pregnated by water so as to be crumpled up and
occupy a very small volume and may ultimately
be disintegrated and resolved into g fine, separate
and easily. dispersed pulp,

Hence the re- -

“
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These condi‘ions do not obtain with cloth and
the like since such materials, in order to be fab-

" ricated or woven, must contain a relatively large

proportion of long flbers. Moreover, the long

" fibers which are thus applicable for cloth, such 5

as cotton, are not only firmly united in the yarn
or thread from which the cloth is woven bui the
threads are permanently woven together in the
fabric, and strongly resist disintegration. On the
other hand, paper which has been treated as 10
above described not only absorbs water readily
but is ul’imately substantially disintegrated and
hence easily and safely disposed of, without dan-
ger of clogging drains or other receptacles. .
The application of the invention will be de- 15
scribed with reference to specific instances of -
treatment of paper tissue, in sheet or web form,

‘with the reagents above defined by means of ap-

para us illustrated in the accompanying draw-
ings, in which:

Fig. 1 is a diagrammatic illustration of appa-
ratus for treating plain tissue;

Fig. 2 is a similar illustration of appartus for

20

‘making creped paper stock;

Fig. 3 is an illustration of apparatus for print- ¢s
ing the paper with a toughening agent; and -

Fig. 4 is an illus'ration of apparatus for both
printing and creping the sheet material.

For example, in carrying out the invention as
indicated in Fig. 1, a sheet or web { of tissue paper 30
of high alpha cellulose content (typically of light
weight,—e. g., having a weight of 9 to 15 1bs. per
ream on the basis 20°’ < 30’’—480, or tissue com-
monly designated as “facial tissue” or “handker-
chief stock”) may serve as the raw material. This gg
is characterized by consisting substantially en-
tirely of fire, bleached, or unbleached alpha cel-
lulose fibers (with or without a small amount of
cotton fibers) which form an open, tangled, het-
erogeneous arrangement, substantially without 49
bonding material, cellulosic matrix. sizing, filling,
etc., as above stated, and typically has a suffi-
ciently open formation to permit the free passage
of water and to present definite apertures there-
through when viewed under the microscope, (e. 8. 45
at 10 diameters).

Referring to the drawings 8 sheet of such tis-
sue paper | is drawn from the roll 2, passed oveér
roll 3 and thence through the treating bath con-
tained in tank 4, in which it is submerged by a g9
guide roll 6. .

The treating or toughening solution in the in-
stant case, may be composed of sulfuric acid, in
which case it is preferably relatively concentrated
(of the order of 66%) and the treatment is of 55
relatively short duration so as to avoid appreci-
able hydration of the paper with consequent
swelling of the fibers and closing of the interstices
or pore spaces therebetween. Nevertheless the
sheet is uniformly wetted by the reagent which 80-
is effective upon the alpha cellulose fibers, super-
ficially to soften the same enough to promote
adhesion between the crossed and contacting
fibers. Profound degeneration or gelatinization
of the fibers, with consequent swelling of the 85
fibers and closing of the interstices is specifically
avoided. To this end (and also to facilitate sub-
sequent handling and preserve the integrity of
the sheet) the wetted sheet is promptly with- |
drawn and passed between squeeze rolls 6 and '
thence to the horizontal apron 1 where it is
supported and washed as by sprays of water from
the perforated pipes 8, 8. The acid in the sheet
is then preferably neutralized by passing through 5
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a sultable reagent in tank {1, in whlch it is

submerged by guide rolls 12, 13, i4, 15. For this

purpose, a solution of caustic soda or sodium
bicarbonate or ammonia may be employed, (or

any suitable alkaline neutralizing agent) of suf- -
ficient concentration to neutralize the residual '
acid left upon the sheet and to check its fur-

ther action. Additional neutralizing tanks may
be used, if regquired. The sheet is then again
washed by sprays of water. (or other volatile
liquid) as indicated at 16. It may also be treated
with a non-volatile liquid or softening agent,
such as glycerine, and the like, as by spray 11
or equivalent apparatus, suitable therefor. It is
then passed over a heated drying drum {8, by
means of guide roll {9 and conveyor belt 21
which is carried by rollers 22, 23, 24. Additional
treating and washing means and drying drums
may be added to those indicated if desired. The
sheet I, as it comes from the drying drum 18,
and conveyor belt 21, is allowed to hang freely
in a loop 25 and is then passed over and under
tensioning rolls- 26, 21, 28, 29 and finally gath-
ered upon the roll 31.

In such treatment of the tissue there is but
little tendency for the fibers to felt together and
consequently, since the fibers are given such brief
treatment as not to cause them to swell appreci-
ably, the structural relationship and-arrangement
of the same is preserved substantially as in the
original paper sheet and without filling or clos-
ing of the interstices. The individual fibers,
however, acquire. a relatively continuous sheath
which upon subsequent washing, neutralization

and drying, is more resistant to the weakening

action of water than the untreated fiber but is
not thereby rendered unduly stiff or brittle, or
water-repellant, so that water for example may
wet and pass freely through openings between

such treated fibers almost as readily as before.

but does not penetrate between their points of
contact enough to weaken the paper sheet. Con-
sequently, the tensile strenth of the sheet is not
appreciably decreased even though it be thor-
oughly wet with water.

As a modification of the procedure above de-
scribed, it may be desired to impart slight elastic-
ity or stretchability to the sheet. This may be
effected upon the paper treated as above by crep-
ing the sheet, which is preferably carried out in a
continuous operation with the treating step, or
by embossing, ete.

For example, the sheet | may be led through
similar apparatus (as shown diagrammatically

in Fig. 2, in which like numerals indicate corre-’

sponding parts in Fig. 1) comprising the treating
tank 4, washing device 8, neutralizing tank f{I,

and washing spray 16, and thence over guide

roll 8 and between creping rolls 10 and 20. . The
lower creping roll may dip into a creping bath
30 if desired, but frequently the sheet, when wet

with water is per se sufficiently adhesive to the.
The upper creping roll is provided

creping roll.
with a doctor bla.de 30°.

In this manner, the treatment of the paper is
effected substantially as before but in addition
the softened sheet is given irregular wrinkles or
folds running transversely of the sheet. A too
sharp creping or a high-crepe ratio (which is
the ratio of the length of the uncreped sheet to
that of the creped sheet) may appreciably in-
crease the ream wexght and apparent body of the
sheet, and may tend slightly to stiffen the sheet
so that it will form sharp corners upon folding.
Accordingly, the sheet may be creped across the

_improved dry strength and upon wetting pre-
" served approximately 42% of its dry strength in

3 .
sheet but it is usually preferable to form a
relatively coarse and low crepe ratio for those

-purposes in which a thin sheet and very soft .

texture is required. The crepe ratio may be
controlled by suitably regulating the tension upon 5
the creped sheet, an increase of .tension tending
to stretch out and reduce the crepe ratio or prac-
tically to remove the’creped appearance and in-
creased thickness of the sheet, if desired.

- In order to effect further softening and flexibil-
1ty of the sheets, whether prepared with or with-
out creping, & softening agent such as a neutral
or physiologically harmless non-volatile liquid,
typically glycerine, di-ethylene glycol, etc., may be
applied, before creping, as at 17, or by adding the 15
same to the creping bath or by appropriate sub-
sequent treatment of the sheet therewith, not
shown.

A sample of paper which before treatment
would permit the passage of 40 cc. or more of 29
water per unit area per minute therethrough, -
was found to be pervious to substantially the

- same extent after being treated in the manner

above described. At the same time it manifested
25

the machine direction of the sheet and 38% of
its dry strength transversely of the sheet. It
nevertheless wetted freely with water and showed
substantially no tendency to swell or disinitegrate
for several hours. Upon ingestion with acids or
alkalis and particularly with ferments which are
commonly encountered in drainage, disintegra-
tion is activated, and water alone may be even-
tually effective to separate and disperse the fibers. 35
The creping also renders the sheet effectively
thicker in some respects without decreasing its
porosity or permeability to liquids, or other
qualities. Thus, for example, a plurality of
creped sheets placed face to face will have greater 44
absorbency than a like pdd formed of uncreped
sheets.’
- As a further modification of the invention the
toughening or converting agent may be applied
to the fibrous sheet in predetermined areas or 4
patterns instead of by uniform wetting or satura-
tion throughout. This may be effected, for exam-
ple, with sultable apparatus as diagrammatically.
illustrated in Fig. 3. The paper sheet 81 is drawn -
from roll 42, passed over guide roller 43 to print- 5,
ing cylinder 44 which is preferably covered by a .
conveyor belt 45 and carries the sheet 41 around
the eylinder and then a short distance away from
the cylinder, by passing over offset guide rolls 46,
41. In its passage on the cylinder 44, the sheet ;
4{ is imprinted by means of a printing roll 48
which is “inked” with one or another of the
toughening agents 'or parchmentizing solutions
above described, contained in tank 49, by means
of a fountain roller 51 and web 52 carried by roll- ¢,

ot
St

_ers 53, 53. The printing cylinder may carry any

appropriate design,~—e. g., to produce a continu-
ous pattern of the composition with untreated
arcas spaced apart thereby or may have a dis-
continuous pattern of the composition with a 63
continucus untreated area therebetween. Of
thece types, the former will be stronger, the latter
somewhat more porous or open.

The parchmentizing solution is preferably

* wached out, the sheet being passed, on supporting 74

belt 50, beneath a series of showers 60, which may
also contain neutralizing solutions more quickly
to. check the gelatinizing and bonding action of
the parchmentizing reagent.

The printed sheet is then passed successively 75

14
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over and under rows of guide rollers §4, §5, form-
ing a series of vertical festoons, in the course of
which the sheet is dried, usually with the applica-
tion of artificial heat by means of hot air ducts
(not shown). At this stage the sheet may also be
treated with a softening agent, such as glycerine,
etc., as before. The sheet is then passed over
drying drum 56, by means of 'a belt §7 carried on
rollers 58, 59 and 61. The sheet then falls in a
loose fold 62 from which it passes over and under
tensioning rolls 63, 84 to rewinder or take-up roll

66 upon which it is irmly held by guide roll 66,

-

contacting therewith.

Again, the sheet may be printed or impregnated
with the parchmentizing reagent and creped
directly as for example by means of the apparatus
shown in Fig. 4. The paper sheet or web 11 may
be drawn from a roll 72, passed over guide roll 13
and thence to the printing roll 18. The latter

‘may dip directly into the parchmentizing solution

contained in tank T1—or it may be wetted by a

supplementary roll (not shown) which dips into

the parchmentizing bath. If the pattern is rela-
tively coarse or open supplementary wetting of
the sheet may be desired. The sheet or web 71 may

conveniently be passed between the printing roll’

15 and creping roll 18, the two being closely spaced
or held tightly together as the case may be. In
either event, the paper sheet is suitably treated
with the reagent, which may also serve, in con-

- junction with the adhesiveness of the softened

cellulose fibers, adhesively to retain the sheet upon
the creping roll.
volved, the sheet becomes more firmly adherent
to the creping roll (facilitated by heating the roller
internally, usually by steam) and is then removed
from the roll by contact with a doctor blade 18,
mounted against the surface at a suitable angle.
The paper is not only removed from the roll, but
also creped. The creped sheet is received by a
conveyor belt 79, carried by rollers 80 upon which
it may be washed and/or neutralized by sprays 81
and thence passes to belt 82, supported by rolls
83 to 86, which carries the sheet into contact with
the drying drum 81. The latter is rotated and
delivers the dried or partially dried sheet into a
free loop or festoon 88 from which it is drawn
over and under guide rolls 89 to 94 (which may be
driven to prevent stretching of the creped paper)
and gathered onto roll 95 and firmly held thereon
by roller 96.

The printed or saturated sheet may be washed

_either before or upon the creping roll 16, so that,

upon being creped by the doctor blade it may be
simply dried and rolled up. Again it may be

- found desirable in the above mode of procedure, to

first crepe the paper sheet and then to print it
with the reagent solution. This might be done

~ by making obvious changes in the arrangement

60

5

70

of the apparatus, accordingly. Other treatments
may be combined with those described, or other
sequences of operation, to impart special proper-
ties to the treated sheet, such as the application

_ of softening agents, as above mentioned, the addi-

tion of medicaments, deodorants, powders, and
the like. ,
It is to be noted that in each of the several modi-

fications of the invention above described, while "

the original tissue is preferably composed in large
part or entirely of wood fibers, such as alpha cellu-
lose, it may also contain a small proportion or
be substantially entirely composed of cotton fibers,

As the creping roll 18 is re-

9,018,244

commonly referred to as rag fibers in- the art.
Such fibers, by intermingling with the others and
frictional engagement therewith, may in fact be

employed to lmpart appreciable strength and ..

toughness to the sheet.

The product of the invention is characterizedv
- by having a soft, freely pliable texture, is per-

meable or porous to water while preventing to a
large degree the percolation of solid matter there-
through, and manifests an increased tensile
strength, greater than the untreated paper, and

. temporarily retains such strength in large part,
‘even when thoroughly wetted with water, al-

though it may be eventually completely disin-
tegrated under the ordinary conditons encoun-
tered in sewage or drainage. Consequently it
lends itself to the fabrication of many tollet
and nursery accessories where soft cotton or
other textile materials have heretofore been re-
garded as essential; and in some respects, such
as cost, lightness of weight, disposability, etc., it
is to be preferred.

For example, such sheet materials, and es-
pecially creped paper, made in accordance with

10

20

the invention, is eminently suitable for use as 25

diaper cloth or as a lining for cloth diapers-of
the usual type. ' The material may be cut to suit-
able size and shape and used in single sheets (as
“liners” so-called) or in a number of superposed
sheets, which may be either plain or creped, or
both. Various combinations and arrangements
will suggest themselves to users of the material,
as well as other purposes for which the properties

30

of the sheet material thus provided recommend it 25

as particularly applicable.
It is to be understood that the present dis-
closure is for the purpose of illustration only and

that this invention includes all modifications ~

the appended claims,

I claim:

1. The method of preparing a thln, soft flexi-
ble porous sheet of paper, which comprises quick-

" and equivalents.which fall within the scope of
40

ly parchmentizing only the surfaces of the fibers -

of a sheet of tissue paper of open formation to
bind the fibers together with a water resistant
bond without substantially ﬂlling the interstices
of the paper. .

2. The method of treating a soft flexible porous

45

sheet of tissue paper, composed substantially of 50

alpha cellulose fibers in open formation, which
comprises parchmentizing only the surfaces of

the ﬂbers to bind them together with a water

resistant ‘bond which does not substantially af-
fect the opennéss of said formation.

3. An article of the character described com-
prising a soft flexible sheet of tissue paper of
open formation, characterized in that the surfaces
of the paper fibers are converted into a water

resistant bond which binds the fibers together 80

without substantially fllling the interstices be-
tween the fibers.

4. An article of the character described com-
prising a soft flexible porous sheet of tissue pa-
per composed  substantially of alpha cellulose
fibers in open formation, the surface stratum of
each fiber being in the form of a water resistant
bond which binds the fiber to contiguous fibers

65

without substantially affecting the openness of 70

said formation.
AI.MANDER V. ALM.



