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This invention relates to the treating of cellu-
losic materials, and more particularly unwoven
cellulosic fibrous products by treating agents to
give products of astonishingly great increase in
wet and dry tensile and tear strength, resistance
to water, and the like. ,

One object of the invention is to provide a
product made of cellulosic fibrous material such
as cotton fibers which are of unwoven character
and which is of hitherto unknown properties of
wet and dry strength.

Another object is to provide such an unwoven
celiulosic material or sheet, produced by treating
to give products of high strength equal to or afle-
quately approximating the strength of textiles
woven from such fibers while also providing or re-
taining desired flexibiiity, hand or feel within a
wide range, including such characteristics as ap-
pear normally in the untreated cellulosic mate-
rial or in commercial textiles, or other flexible
materials such as leather or the like,

Another object is to provide such an unwoven,
or random fiber arrangement, cellulosic material

product or sheet which has hitherto unknown re- -

sistance to tearing, when dry or wet.

Still another object is to provide a process for
producing such products. .

Other objects and advantages of the invention
will be apparent from the description and claims.

It has long been known that unwoven cellulosic
fibrous materials, such as cotton wadding and
sheeted and unwoven cotton, have little or sub-
stantially no tensile strength in any direction,
whether wet or dry, whereas textiles woven from
the same cotton fiber are known to have tre-
mendously greater strength—the tensile and tear
strength depending on the weave, the size of the
thread, etc. We have discovered that such un-
woven cellulosic material can be so treated, in
the practising of this invention as to give tre-
mendously and astonishing increased tensile and
tear strength whether wet or dry. For purposes
of simplicity of description herein, reference to
resistance to water and wet strength as used in
this application means the described capacity of
the product of this reaction to retain its acquired
strength and resistance to tearing and disintegra-
tion when in contact with water.

Since such hitherto available cellulosic mate-
rials of unwoven nature have had practically no

tensile strength or wet strength they have proved.

unsatisfactory for commercial utilization where
such properties are required although there were
obviously many advantages such as, for example,
simplicity of manufacture in that no weaving op-
eration is required, relative economy of price and
availability of raw materials.

And further, it has been found that the treated
material, that is, the treated unwoven cellulosic
material such as sheeting or batting of the pres-
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ent invention has in addition and together with
this tremendously increased tensile strength and
wet strength or resistance to water, properties of
flexibility and hard which are also truly remark-
able. The properties of flexibility and hang gen-
erally relate to the pliability and to the feel of
the material when it is crushed in the hand, a
commonly employed test in practical commercial
operations. It is extremely important for many
commercial applications that cellulosic fibrous
materials which have been Processed to give ade-
quate wet or dry strength should retain substan-
tially the original flexibility and hand of the un-
treated material, ang this applies importantly to
materials such as the ‘unwoven cellulosic sheet-
Ing or batting of the products of this invention.
Generally, these cellulosic materials as originally
obtained, and before weaving or former process~
ing, are soft and pliable, and in very many appli-
cations in which they are employed, it is extreme-
ly important that such properties be retained.
Generally these materials as originally obtained
are soft and pliable, and in very many applica-
tions in which they are employed it is extremely
important that such properties be retained. And
it has now been found according to the present
invention that g treateq unwoven cellulosic mate-
rial, even one having such random fiber arrange-
ment as referred to, when Produced according to
the present invention may, if desired, be brepared
in such manner that the properties of the treated
material as regards flexibility and hangd may be
substantially unchanged from the originally un-
treated material while as described the tensile
strength and wet strength are increased to a re-
markable degree, in many instances from sub-
stantially no tensile and tear strength, dry or wet,
up to strengths many times increased and even
within the strength range of comparable textiles,
i. e, textiles woven from similar fibrous materials
of comparable thickness, porosity or quantity of
fiber content whether the treated materials are
tested wet or dry.

As illustrative of the practising and great ad-
vantages which flow from this invention, refer-
ence will be made to the tremendously increased
tensile strength and resistance to tearing when
in contact with water which results in practical
operations with an available unwoven cellulosic
material of a type commercially available and
known to the trade as “Masslinn,”  This material
which is a soft and pliable unwoven cotton fiber
substance, generally available in the form of
strips or sheets in which the cotton has been

5 carded to effect rearrangement from the random

fibers of the cotton to give a soft material with
the fibers somewhat relatively arranged but still
somewhat random in that they are in a relatively
loose, substantially unrestrained or fluffy condi-
tion and not in any way woven and having a ten-
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sile strength too low to be measured with a Scott
tester, a standard machine widely used for meas-
urements of tensile strength, and on which meas-
urements can be made as low as one pound per
square inch tensile strength. Such material ac-
cording to the described preferred embodiment
of the present invention, having a thickness,
when uncompressed, of the order of 01 inch, may
be impregnated by dipping the sheet into an
aqueous alkaline solution or dipersion of alkyl
hydroxy cellulose, as for example ethyl hydroxy
cellulose, prepared as described in detail on
page 3 below. Following this immersion, the
sheet may be removed therefrom and excess ma-
terial removed as by passing the sheet through
a set of squeeze rolls whereby excess if impreg-
nating material above that necessary to secure
" successful results is removed from the sheeting.
Following this step a number of methods are
available for the final preparation of the treated
material of the invention. For example, the
treated or impregnated sheet may then be sub-
jected to the action of heated water, and such
may be satisfactorily accomplished in commer-
cial practise by passing the treated or impreg-
nated material through a bath which contains
water at or near its boiling temperature. Subse-
quently the water remaining in the material may
be removed by passing the latter through & drying
oven, and by such operation a_ treated sheeting
secured which has tremendously increased ten-~
sile strength as compared to the original un-
treated material and ranging up to 10 lbs. per
square inch in tensile, and even higher. Also, the
wet strength or resistance to tearing when in
contact with water is similarly astonishingly ad-
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conditions. Subsequently, the sheet is washed
with water and with mild aqueous alkali or soda
ash to remove the last traces of acid material,
and the material then dried as described. As al-
kaline wash, there may be employed an aqueous
0.5% solution of sodium carbonate. ’

| Very satisfactory results are also secured under -
the present invention by treating such an un-
woven cellulosic fibrous material which comprises
partial drying of the ethyl hydroxy cellulose-im-
pregnated sheeting to remove about 50-75% of
the water present from the impregnation treat-
ment. Subsequently the semi-dried material is
washed with water to remove alkali therefrom
and dried as described. Such material obtained
as described has excellent tensile strength both

- wet and dry, both properties being astonishingly
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vanced. And, in addition, to such remarkable in- -

crease in strength of the treated material such
material may be caused to retain substantially
its original characteristic softness, pliability and
fine hand of the original untreated material.

Or, if desired, impregnated material after im-
mersion in the agqueous alkaline solution or dis-
persion of alkyl hydroxy cellulose and subsequent
removal of excess material as described may be
treated by immersion in an aqueous solution of
alkali to effect preparation of the treated sheet.
And, in practical operation, the impregnated ma-
terial obtained as described, may be immersed
in a caustic solution of 45-55° Tw. (20-25%
NaOH). Subsequently the material is washed
with hot water to remove excess alkali material,
and this removal may be both expedited and more
definitely secured by washing with a dilute acid
solution after the major portion of the excess
alkali has been removed by the water washing
followed by washing with water and drying as
described to secure & product which is very soft
and absorbent, and which has remarkably in-
creased tensile strength, both wet and dry, when
compared to untreated material.

Another method of effecting or preparing the
final treated material, such as the “Masslinn”
sheeting, is to effect the final step by immersion
of the impregnated sheet material in an aqueous
solution of an acid subsequent to impregnation
with ethyl hydroxy cellulose as described. And
one satisfactory method of effecting such treat-
ment consists in immersion of the impregnated
sheeting in an agqueous bath containing 5% of
sulfuric acid. Other acids such as acetic or
formic acids may likewise be employed, the par-
ticular acid chosen generally depending upon
considerations-of economy and availability and
the amount of acid chosen to give comparable
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greater when compared to the original material,
such tensile strength ranging even up to 65 1bs.
per square inch for the treated material being se-
cured.

Asg illustrative of the remarkable increase in
tensile strength in unwoven cellulose fibrous ma-
terials secured by practising the present inven-
tion, the tensile strength of several samples of
«Masslinn” sheeting treated in accordance with
the present invention are hereinafter given in the
table. Measurements of tensile strength were
made with the well-known Scott tester, in ac-
cordance with a standard method for measuring
tensile strength of such materials.

Table
Deposit of | Average tensile
halikyl slt_i)re;xgth. in
_ ydroxy s./8q. in.
Sample Mggﬂgtgnco cellulose, S
Reeht of | C
weight o ross |
“Masslinn”| fiber Fiber
aMasslinn’’ . oceca|aemmmmmemmmemmn oo 7| Too low to be
measured
«Masslinn” and | Acid-—._..__-. 18.2 21
ethyl hydroxy cel-
1ulose.
D do 10.2 1 314
- 17.8 524 13
- do._. _.. 16. 05 614 18
Do. Semi-drying... 18.2 125 3714
Do_ do.......- 14.8 1143 39
Do. - 12.5 724 1315
Do. - 35.6 17 63
Do. R do... ...- 22.7 16 46
Lo _| Boiling water- 6.5 1% 9
j 57 JURT P PSS do_._..... 9.17 1 104

Such sheeting as results from the preparation
of a treated unwoven cellulosic article as de-
scribed has greatly increased tensile strength,
falling within the range of woven materials and
comparing favorably with that secured with
many comparable woven materials in regular
commercial use. And in addition to such re-
marikably tensile strength, the material also has
a very great resistance to the action of water,
that is. it retains such increased tensile strength
when in contact with water so that the wet
strength of the treated material is likewise very
great as compared to that of untreated material.

Further the treated sheet material—treated as
as for example as above described—can be pre-
pared in such manrner that the flexibility or pli-
ability and hand can be varied over a wide range
depending upon the end.use and upon the prod-
uct characteristics desired for useful application.
For example, in many instances it is extremely
important to retain the initial pliability, scftness
and fine hand of the unwoven cellulosic sheeting
or hatting. By effecting treatment of the mate-
rial as above described by immersion in alkyl hy-
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droxy cellulose solution and subsequent treat-
ment with bolling water, the initia] properties
of pliability, softness and hand of the unwoven
cellulosic material are retained, and in addition
thereto there is secured t e valuable increase in
tensile strength and in resistarce to tearing
when in contact with water., And such desirable
properties of pliability and fine hand are secured
'by treatment as described, and without necessi-
ty for use of any plasticizing material,

In cases where differert product characteristics
with reference to pliability and hand are desired
such results may be secured by varying the treat-
ment of the wet materia] after impregnation in
aqueous solution or dispersion of alkyl hydroxy
cellulose. For example, if a ‘material is desired
which is less pliable and which is stiffer than the
original untreated unwoven cellulosic material,
such results may be accomplished by treatment of
such material, after impregnation in aqueous so-
lution or dispersion of alkyl hydroxy cellulose
and removal of excess material as described, with
dilute acid solution. When such is accomplished,
and the excess water removed from the treated
800ds, a product is secured which is considerably
stiffer and less pliaile than the original unwoven
cellulosic substance,

An extremely soft ard absorbent finished ma-
terial is obtained as by treatment of “Masslinn”
sheeting as above set forth with aqueous alkaline
solution of ethyl hydroxy cellulose with Subse-
quent treatment with strong caustic solution,
20-25% aqueous sodium hydroxide for example,
But where an end product with crisp, linen-like
finish is desired, the semi-dryirg method above
set forth may be used, wherein the impregnated
sheeting is partially dried te remove 509 or more
of the water present therein, and subsequently
washed with water to remove excess alkali and
thereafter dried. In alnl instances of treatment
as above set forth, in addition to the product
characteristics described, the material has the
tremendously increased tersile strength and re-
sistance to tearing when in contact with water
which is characteristic of the products of the
present invention. - And it is astonishing that
such variety of results in Practise can be secured
as regards pliability and hand without the use
of any plasticizing or other agents. Treatment

as descriced with alkyl hydroxy ceilulose, as with !

ethyl hydroxy cellulose solution followed by fru-
ther treatment by any of the subsequent steps
described yields a finished product with the char-
acteristics desired,

It is seen from the foregoing descriptive exam-
cles that the present invention concemplates the
production of an unwoven cellulosic fibrous ma-
terial of completely random fiber arrangement or
controlled arrangement ag described, and of ten-
sile strength and wet strength hitherto unknown
for such materials by impregnation of such ma-
terial with an alkyl hydroxy cellulose, and fur-
ther the product characteristics of such treated
material of the present invention may be modi-
fled as desired with rezard to flexibility or plia-
bility and hand while retaining the increased

tensile strength and wet strength, as deseribed, -

An alkyl hydroxy cellulose which is satisfac-
tory in practising the present invention and il-
lustrative of the general class of treating agents
of the present invention is prepared as follows,
One part of shredded fibrous cellulose, such as a
purified wood pulp having a high alpha cellulose
. eontent, is converted to alkali cellulose by steep-
ing it in a suitable quantity of an 18% sodium
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- it has been found that the

3
hydroxide solution at 20-25° C. for & period of
one hour, The alkali is then .allowed to drain off,
and the flbrous alkali cellulose is pressed to g
weight approximately three times that of ‘the dry
cellulose originally taken. After pressing, the
alkali cellulose is shredded for one hour at from
15 to 20° C. While still in the shredder, the al-
kali cellulose is treated with ethylene chlorhy-
drin in an amount 18.9% (equivalent to 10.33%
of ethylene oxide)- by weight of the cellulose, cal-
culated on the basis of dry fibrous cellulose
(CsH1005). 'This treatment is carried out with
constant stirring at a temperature of from 15°
to 20° C. for about one hour. There is now added
to the reaction chamber, without permitting the
ethylene oxide to escape, 0.3 part of amorphous
cellulose, such as comminuted purified waste cel-
lulose hydrate, in the gel state. The resulting
mixture is now stirred at 15° to 26° C. for an ad-
ditional period of three hours, The cellulose
ether thus produced is then washed free of S0~
dium chloride and sodium hydroxide with hot
water. The washed material then is acidified
then washed a second time and dried by cen-
trifuging. The above outlined method, is that
described in U. S, Patent 2,172,109, Reichel and
Hindry, issued September 5, 1939, and produces
an alkyl hydroxy cellulose satisfactory. for prac-
tising the present invention. Other alkali solu-
ble alkyl hydroxy celluloses; such ag propyl hy-
droxy cellulose may also be utilized.

In preparing solutions of alkyl hydroxy cellu-
lose for use in impregnation of the present in-
vention, successful practical results. have been
secured using a 6% solution of alkyl hydroxy cel-
lulose dissolved in 10% sodium hydroxide solu-
tion. More concentrated or dilute solutions may
be employed, depending upon the use character-
istics desired and amount of impregnation as de-
scribed to be secured. ’

With “Masslinn” Sheeting, the remarkable in-
crease in tensile strength, both wet and dry, was
secured by impregnation as described so that the
amount of alkyl hydroxy cellulose remaining de-
Posited in the sheeting was between 6 and 359,
by weight of the original untreated material. And
increase in wet and
dry strength is related to the amount of alkyl
hydroxy cellulose employed, generally increasing
with increased amounts of impregnating agent

" utilized. Also, the characteristics of pliability,

hand and absorbency of the treated substance

will govern the amount of impregnant used and
the particular treatment employed.

As pointed out “Masslinn” sheeting of un-
Woven cellulosic fibers and treatment thereof
have been described as illustrative of g satisfac-
tory manner of practising the present invention to
produce certain very desirable end broducts.
Other unwoven or such random fiber arrange-
ment cellulosic fibrous materials, such as cotton
batting and paper of
or fluffy formation
bresent invention and show the comparable ex-
cellent and astonishing increase in  tensile
strength and wet strength or resistance to dis-
integration when in contact with water, when
i the present invention,

above described but o measurable wet strength
and yet may be changed to have high wet and
dry strength when treated in accordance with
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the present invention without any objectionable
_filling up of the large percentage of voids or for-
mation of an objectionable surface film or layer.

While the above sets out the preferred em-
bodiments of the invention, it will be understood
that the invention is not intended to be limited
thereto, but is as defined in the appended claims.

What is claimed is:

1. As a new product, unwoven carded cotton
cellulosic fibrous material impregnated with an
alkali soluble alkyl hydroxy cellulose.

2. As & new product, unwoven carded cotton
cellulosic fibrous material impregnated with ethyl
hydroxy cellulose. :

3. As a new product, unwoven carded cotton -

cellulosic fibrous material bonded with an alkali
soluble alkyl hydroxy cellulose modified by precip-
itation while within the fibrous material and hav-
ing greatly increased strength in the resulting
product as -compared to the untreated fibrous
material.

4. As a new product, unwoven carded cotton
cellulosic fibrous material bonded with an alkali
soluble alkyl hydroxy cellulose modified by precip-
itation while within the fibrous material and hav-
ing greatly increased wet strength in the result-
ing product as compared to the untreated fibrous
material. )

5. The process of imparting increased tensile
strength and wet strength to unwoven carded cot-
ton cellulosic fibrous materials, which comprises
impregnating said fibrous material with an aque-
ous alkaline solution of alkyi hydroxy cellulose,
subsequently removing excess impregnating solu-
tion, and subsequently treating said impregnated
material with heated water, whereby a treated
material with substantially the same pliability

and hand as the said unwoven cellulosic fibfous:

material is secured.

6. The process of imparting increased tensile
strength and wet strength to unwoven carded
cotton cellulosic fibrous materials, which com-
prises impregnating said fibrous material with an
aqueous alkaline solution of ethyl hydroxy cellu-
lose, subsequently removing excess impregnated
material with heated water, whereby a treated
material with substantially the same piiability
and hand as the said unwoven cellulosic fibrous
material is secured.

7. The process of imparting increased tensile
strength and wet strength to unwoven carded
cotton cellulosic fibrous materials, which com-
prises impregnating said fibrous material with an
aqueous alkaline solution of alkyl hydroxy cellu-
lose, subsequently removing excess impregnating
solution, and subsequently treating said impreg-
nated material with agueous alkali.

8. The process of imparting increased tensile
strength and wet strength to unwoven carded cot-
ton cellulosic fibrous materials, which comprises
impregnating said fibrous material with an aque-
ous alkaline solution of ethyl hydroxy cellulose,
subsequently removing excess impregnating so-
lution, and subsequently treating said -impreg-
nated material with aqueous alkali.

9. The process of imparting increased tensile
strength and wet strength to unwoven carded cot-
ton cellulosic fibrous materials, which comprises
impregnaling said fibrous material with an aque-
ous alkaline solution of alkyl hydroxy -cellulose,
subsequently treating said impregnated material
with aqueous acid. o

10, The process of imparting increased tensile
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strength and wet strength to unwoven carded
cotton cellulosic fibrous materials, which com-
prises impregnating said fibrous material with an
aqueous alkaline solution of alkyl hydroxy cel-
lulose, subsequently treating said impregnated
material with agqueous acid.

11. The process of imparting increased tensile
strength and wet strength to unwoven carded

“cotton cellulosic fibrous materials which com-

prises impregnating said fibrous material with
an alkaline solution of alkyl hydroxy cellulose,
thereafter removing excess impregnating mate-
rial from said impregnated fibrous material,
thereafter removing from said impregnated mate-
rial at least 50% and less than 100% of water
contained therein, thereafter removing from said

~. impregnated material excess alkaline material by
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means of water and thereafter drying sald im-
pregnated material. )

12. The process of imparting increased ten-
sile strength and wet strength to unwoven carded
cotton cellulosic fibrous materials which . com-
prises  impregnating said fibrous material with
an alkaline solution cof ethyl hydroxy cellulose,
thereafter removing excess impregnating mate-
rial - from said impregnated fibrous material,
thereafter removing from said impregnated ma-
terial at least 50% and less than 100% of water

. contained therein, thereafter removing from said

impregnated material excess alkaline material by
means of water and thereafter drying said im-
pregnated material. :
13. The rrocess of treating an unwoven card-
ed cotton fibrous material having substantially
negligible tensile strength to produce a treated
product having wet and dry tensile strength with-
in a range up to 65 pounds per square inch, which
comprises impregnating said unwoven fibrous ma-
terial with an aqueous alkaline solution of an
alkyl hydroxy cellulose and bonding the unwoven

~ material by precipitating said alkyl hydroxy cel-
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lulese in situ. :

14. The process of imparting increased tensile
strength arid wet strength to unwoven carded
cotton cellulosic fibrous material, which comprises
impregnating said fibrous material with an aque-
ous alkaline solution of alkyl hydroxy cellulose,
subsequently removing excess impregnating solu-
tion, and subsequently treating - said impreg-
nated material with an agueous solution contain-
ing approx'mately 20 to 25% sodium hydroxide.

15. The process of imparting increased tensile
strength and wet strengih to unwoven carder
cotton cellulosic fibrous material which com-
prises impregnating said fibrous material with
an aqueous alkaline sclution of alkyl hydroxy
cellulose, thereafter removing excess impregnat-
ing material from said fibrous material, there-
after removing from said impregnated material
approximately 50 to 759% of the water contained
therein, thereafter removing from said impreg-
nated material excess alkaline material by means
of water, and thereafter drying said impregnated
material,

16. As a new product, unwoven carded cotton
cellulosic fibrous material, bonded with an alkali
soluble alkyl hydroxy cellulose modified by pre-
cipitation with acid while within the fibrous ma-
terial, and having greatly increased strength in
the resulting product as compared with the un-
treated fibrous material.
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