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57 ABSTRACT 

Fibrous cellulosic products are prepared by extruding 
cellulose solutions through fiber forming devices. 
These fiber forming devices comprise porous extru 
sion media containing a controlled number and distri 
bution of discrete flow paths. These flow paths consti 
tute at least about 10 percent of the total extrusion 
surface area. The cellulosic fibers prepared by these 
processes exhibit unique and highly desirable physical 
and structural characteristics for use in forming new 
and improved nonwoven fabrics and disposables. 

2 Claims, 1 Drawing Figure 
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WET SPINNING CELLULOSIC PRODUCTS 
This is a division of application Ser. No. 858,573, 

filed Sept. 15, 1969, and now U.S. Pat. No. 3,670,069. 
This invention relates to processes for preparing fi 

brous cellulose products. More particularly, it relates 
to processes for preparing new and improved cellulosic 
filaments and staple fibers and to the products pre 
pared thereby. It has for an object, the provision of im 
proved processes to effect economies, especially in the 
extruding operation, and to produce fibers and webs 
especially suited for use in nonwovens and disposables. 
The new low-cost cellulosic fibers are prepared from 

cellulose solutions such as viscose, hydroxyalkyl cellu 
lose, cellulose acetate and the like and mixtures 
thereof. These fibers possess a combination of physical 
and structural properties unattained in any hitherto 
known comparable fibrous cellulose products. More 
specifically, the fibers of the present invention have a 
very low degree of crystallinity, small crystallite size, a 
low degree of polymerization, a randomly oriented in 
ternal structure, and unique cross-sectional shapes. 

Additionally, the fibers of the present invention such 
as those prepared from viscose solutions, hydroxyalkyl 
cellulose solutions and the like and mixtures thereof, 
possess further unique characteristics unattained here 
tofore. These fibers demonstrate an exceptionally high 
degree of water or moisture absorbtion and retention, 
a high degree of dimensional swelling capability and a 
large percentage of surface area. 
Furthermore, the peripheral shapes of the fibers of 

this invention, which are formed by extrusion through 
unique fiber forming devices, substantially conform to 
the cross-section of the extrusion paths or orifices of 
these fiber forming devices. Consequently, the filamen 
tous products of the present invention can easily be 
produced in a great variety of special shapes. This fea 
ture of the present invention which has not been 
achieved heretofore has considerable significance. For 
example, in some circumstances, it is highly desirable 
to produce fibers exhibiting highly crenulated periph 
eral shapes resembling in cross-section, sting-ray bat 
like or crab-like shapes. Such crenulation increases the 
total surface area of the fiber, and thus enhances the 
moisture absorptive character of the fiber. It is now 
possible to produce such shaped fibers, without inter 
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fiber adhesion, at the discretion of the producer by 
merely selecting the desired shaped orifice in the fiber 
forming device. 

It should be understood that the term 'fiber', as em 50 
ployed in the present discussion, designates both con 
tinuous filaments and staple fibers. It is well known that 
in the production of cellulosic fibers, cellulose solu 
tions are converted into continuous filaments and then 
staple fibers are produced by cutting the continuous fil 
aments into desired lengths. 
Because of the unique physical and structural charac 

teristics of the new and improved fibers of the present 
invention, they are ideally suited for use in the new 
convenience fabrics which are neither woven nor knit 
ted. For example, nonwoven fabrics prepared from the 
new viscose and hydroxyalkyl cellulose fibers of the 
present invention have a high comfort factor because 
of the outstanding hydrophilic nature of these new fi 
bers as produced by the processes of the present inven 
tion. Additionally, the nonwoven fabrics thus prepared 
possess sufficient body to exhibit an improved fabric 
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2 
like hand as compared with nonwovens currently pro 
duced from cellulosic materials. 
The uses for such nonwoven fabrics are varied, and 

the potentials are exceptional. For example, a great de 
mand exists for nonwoven disposable products in the 
institutional field, in hospitals, nursing centers, and the 
like. These products may be in the form of sheets, pil 
lowcases, pads, surgical and other gowns, coats and 
uniforms. In industry, nonwovens and disposables find 
acceptance as coveralls, uniforms and cleaning wipes. 
In the home, where convenience is an overriding fac 
tor, disposables may be used as diapers, sanitary nap 
kins or inserts, cleaning wipes, novelty items, and the 
like. Given this large and ever expanding market for 
nonwovens, fiber producers have expended consider 
able research time and capital in the search for meth 
ods of producing nonwovens and disposables of in 
proved acceptability to the user. 
However, the numerous attempts to provide such 

processes to produce commericially acceptable fibrous 
products have not been successful, heretofore. This is 
evidenced by the fact, that, although the largest pro 
portion of fibers used today to construct nonwoven and 
disposable fabrics is rayon, the fibers in use are regular 
textile grades of staple fiber and the processes for pre 
paring these fibers are not specifically engineered for 
this new nonwoven application. Consequently, the 
presently employed fibers are not only more costly than 
necessary because of their special textile properties, 
but they do not possess the unique and desirable attri 
butes of the presently proposed products for use in 
nonwoven and disposable fabrics. 
Our invention provides specially tailored cellulosic 

fibers for use in nonwovens and disposables. For exam 
ple, the new and improved viscose fibers, hydroxyalkyl 
cellulose fibers and the like and mixtures thereof pro 
vided herein possess qualities which make them ideally 
suited for nonwoven fabrics and disposables. These 
qualities include high swelling capacity; high water or 
moisture absorption and retention; low strength, orien 
tation and crystallinity; rapid loss of strength and bond 
ing when contacted with excess water for disposal, (i.e., 
flushability); ready perceptability to dimensional 
change or adjustment (i.e., conformability); and rela 
tively lower cost. 
Our invention also contemplates the utilization of 

these fibers to produce webs, batts and other nonwoven 
and disposable materials and fabrics. We have found 
that the fibers of the present invention and notably the 
hydroxyalkyl cellulose fibers, exhibiting high swelling 
characteristics, possess self bonding or adhesive prop 
erties between the fibers themselves or with other 
structures when they are pressure printed with water in 
such design shapes as embossed diamonds, waffles and 
the like. Thus, webs, batts and the like can be readily 
prepared from these fibers. If bonding strength greater 
than that achieved by the self adhesion of the fibers is 
desired, we have found that this can be easily achieved. 
For example, the bonding may be strengthened by 
mildly alkalizing the water employed in the pressure 
printing process with an alkali such as ammonia, so 
dium carbonate, sodium hydroxide and the like. 
Webs, batts and the like, thus prepared demonstrate 

exceptional capacity for absorbing, retaining and hold 
ing moisture. Additionally, in the disposal phase, these 
webs, batts and the like exhibit release action in bonds 
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and loss of fiber strength in the presence of excess 
water such as in 'flushing'. 

In the course of our experimental investigations, we 
have discovered processes for producing low-cost cel 
lulosic fibers such as viscose and hydroxyalkyl cellulose 
fibers having properties which are superior for nonwo 
vens and disposables with respect to water absorption, 
water retention, cross-sectional shape, fiber elongation 
and tenacity. The inventive processes contemplate 
economies in the preparation, composition, and treat 
ment of the cellulose solutions. Additionally, the new 
techniques which we have discovered for forming the 
new and improved cellulose fibers enables the replace 
ment of the costly precious metal spinnerettes which 
have been used almost universally heretofore in the 
preparation of cellulosic fibers. This elimination of the 
very expensive spinnerettes constitutes a major break 
through in the production of low-cost nonwoven and 
disposable fibers because of the saving in cost of the 
fiber forming device, and also, because of the substan 
tial increase in product output per extrusion area. 
Within the concept of the present invention, continu 

ous filaments and staple fibers are produced by extrud 
ing specially prepared cellulosic solutions through rela 
tively inexpensive fiber forming devices comprising po 
rous extrusion media having a controlled number and 
distribution of discrete flow paths, the flow paths com 
prising at least about 10 percent of the total extrusion 
surface area. For example, these flow paths may com 
prise parallel metallic or plastic capillaries, paths cre 
ated by sintering aggregates of controlled sized pow 
ders and metal fibers, or woven screens made of plastic 
or suitable metals such as stainless steel and the like. 

In one embodiment of the present invention, a rapid 
and continuous process is provided for producing new 
and improved viscose fibers possessing a water reten 
tion capability of between about 120 and about 200 
percent. A very lean, fast setting viscose solution, hav 
ing a high solids concentration, is prepared from dis 
solving grade sulfite or kraft wood pulp. Preferably, the 
pulp is treated with a non-ionic agent such as the block 
copolymers of polyethylene oxide and polypropylene 
oxide, for example, those produced by the Wyandotte 
Chemical Corporation and sold under the name Plu 
ronics, and especially Pluronics L-64. The pulp is 
steeped in a sodium hydroxide solution, then it is 
pressed, shredded, and aged, preferably by catalysis, to 
produce an alkali cellulose containing about 32 to 38 
percent cellulose and about 14 to 16 percent sodium 
hydroxide and having an average degree of polymeriza 
tion preferably less than about 400 and as low as about 
150. The alkali cellulose is then xanthated at a temper 
ature of about 25 C. - 40°C. with about 25 to 30 per 
cent carbon disulfide, and the xanthate dissolved in so 
dium hydroxide solution to form a lean viscose solu 
tion. Preferably, this viscose solution contains from 
about 7 to 12 percent cellulose and about 4 to 6 per 
cent sodium hydroxide, with a most preferred composi 
tion being about 10 percent cellulose and about 5 per 
cent sodium hydroxide. The solution is then subjected 
to deaeration while ripening to a salt index of about 1.5 
to 7, perferably about 4.0 - 5.0. Thereafter, the viscose 
solution is screened or given a single filtration and then 
extruded into continuous filaments through a porous 
fiber forming device having flow paths therein compris 
ing at least about 10 percent of the available extrusion 
area and preferably from about 10 to about 35 percent. 
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4 
The extrusion is carried out at about 25–55°C. into a 
fast setting bath containing about 8 to l8 percent sulfu 
ric acid and about 12 to 20 percent sodium sulfate. No 
regeneration retarding components, such as zinc salts 
and the like, are required in the bath since very fast co 
agulation and regeneration is highly desirable in avoid 
ing filament adhesion. It is usually advantageous to add 
a surface active agent such as lauryl pyridinium chlo 
ride, to maintain the surface tension of the bath below 
a level of about 50 dynes/cm for rapid penetration of 
the emerging filaments. The filaments are stretched 
10-60 percent, washed, and dried by conventional 
means. If desired, the viscose filaments can be cut into 
staple fibers preferably in the acid state before washing 
and drying. 

In another embodiment of the invention, new and im- . 
proved low-cost fibers having an exceptionally high de 
gree of water retention (between about 200 and about 
400 percent) are prepared from hydroxyalkyl cellulose 
solutions, particularly hydroxyethyl cellulose solutions. 
The process comprises forming an alkali cellulose 
crumb containing about 32 to 38 percent cellulose and 
about 14 to 16 percent sodium hydroxide by steeping 
dissolving grade wood pulp in an 18-19 percent sodium 
hydroxide solution at ambient temperatures. Then, the 
alkali cellulose is pressed and shredded. This alkali cel 
lulose crumb is etherified to a uniform hydroxyalkyl 
content of from about 0.1 to 0.3 molar substitution, 
and preferably to a molar substitution of about 0.15 
which is equivalent to substitution of about 3-8 per 
cent, but preferably about 4.0 percent ethylene oxide 
(by weight) add on to the cellulose. The etherified cel 
lulose is then aged by oxidative means, preferably with 
catalysts such as cobalt, to a degree of polymerization 
preferably less than about 400 and as low as about 150. 
This aged hydroxyalkyl cellulose crumb is dissolved in 
a sufficient amount of dilute sodium hydroxide to form 
a solution having a viscosity of about 20 to 200 poises 
at 20°C. This solution has a cellulose content of about 
6 to 12 percent and a sodium hydroxide content of 
about 4 to 8 percent, and preferably about 10 percent 
cellulose and about 5-6 percent sodium hydroxide. 
After this solution is single stage filtered or screened to . 
remove any lumps there in and deaerated, it is extruded 
into continuous filaments through a porous fiber form 
ing device having flow paths comprising at least about 
10 percent of the available extrusion area and prefera 
bly from about 10 to about 35 percent. The extrusion 
is conducted at about 20-50 C. into an acid bath con 
taining about 10-15 percent sulfuric acid and about 
12-20 percent sodium sulfate. The filaments are 
stretched about 10 to 60 percent, washed, and dried by 
conventional means. If desired, the hydroxyalkyl cellu 
lose filaments can be cut into staple fibers, preferably 
in the acid state before washing and drying. 
A further embodiment of this invention comprises a 

process for the preparation of low-cost cellulose ace 
tate fibers having physical properties that make them 
attractive as components of the furnish used in prepar 
ing nonwoven fabrics and disposable items. The cellu 
lose acetate fibers are thermoplastic which make them 
particularly useful as bonding fibers for such fabrics. 
Additionally, the acetate fibers are quite attractive in 
appearance and tend to improve the "hand" of the fab 
CS. 

We have found that, under proper conditions, hydro 
lyzed or partially hydrolyzed cellulose acetate reaction 
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solutions can be converted into fibers by extrusion 
through a fiber forming device of the present invention. 
The process comprises preparing an acid solution of 
cellulose triacetate from a dissolving grade wood pulp 
by treatment with acetic acid and esterification with an 
acetic acid-acetic anhydride mixture in the presence of 
an acetylation catalyst such as sulfuric acid. The triace 
tate therein is hydrolyzed, at a temperature of from 
about 40' to about 80°C., to an acetyl content of about 
30-44 percent, or if desired, to much lower acetyl to 
increase hydrophilic properties. If desired, the residual 
acetylation catalyst is then neutralized with sodium or 
potassium acetate. The solution containing about 
10-15 percent cellulose acetate and about 78-83 per 
cent acetic acid is single stage filtered or screened and 
then extruded through a porous fiber forming device of 
the present invention into a coagulating bath contain 
ing about 5 to about 40 percent sodium or potassium 
acetate and about 5-15 percent acetic acid at a temper 
ature of from about 5 to about 30 C. The filaments 
are stretched about 10 to 60 percent, washed, and 
dried by conventional means. If desired, the cellulose 
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laps. Such webs can be led through an acid bath on a 
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acetate filaments can be cut into staple fibers, prefera 
bly in the acid state before washing and drying. 

In other embodiments of the present invention, vari 
ous cellulosic solutions are mixed or blended to provide 
cellulosic fibers having unique physical properties. For 
example, it has been discovered that the moisture ab 
sorption and retention of extruded viscose fibers is con 
trollably increased by the blending of from about 5 to 
about 50 percent (by volume) of a compatible alkaline 
hydroxyethyl cellulose solution and up to about 5 per 
cent carbon disulfide with a lean, aged viscose solution 
of the present invention having a salt index of about 1.5 
to 7.0. This blend is then immediately extruded into an 
acid bath at a temperature of about 20-50° C. through 
a fiber forming device of the present invention. The fi 
bers formed are cut into staple, if desired, washed and 
dried by conventional methods. 
As previously described, it is normally desirable 

within the purview of this invention to provide fibers 
having high swelling capability. However, is some ap 
plications, it may be useful to reduce or control such 
swelling characteristics. This control can be achieved 
easily by means of cross-linking the fibers, for example, 
by incorporating a small amount of formaldehyde or an 
amino resin and the like in either the cellulose solution 
or the acid bath. . 

In a further embodiment of our invention, fibrous 
continuous filament webs are formed directly. This can 
be achieved by extruding the cellulosic filaments 
through special arrangements of the fiber forming de 
vices of the present invention. For example, a single 
long, narrow rectangular fiber forming device or a mul 
tiplicity of such devices, properly positioned, may be 
employed to form webs of filaments in a continuous se 
quential operation comprising extrusion, washing, 
bonding and drying to yield a finished roll goods prod 
uct suitable for conversion into nonwoven disposables 
such as sheets, wipes, pads, garments and the like. 
Randomizing or texturizing of fiber arrangement and 

orientation within these filament webs can also be 
achieved if desired. For example, we have found that 
employing three separate, parallel fiber forming de 
vices and oscillating the central one of the devices back 
and forth out of phase with the other two outside de 
vices provides a three layered web with wave-like over 
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conveying device virtually without stretch, washed and 
dried in a manner which preserves web continuity. 
Prior to drying, the web can be pressed through pat 
terned squeeze rolls embossed with such designs as a 
diamond overlap pattern or a wave like pattern to en 
hance bonding in the pressure patterned areas. The 
highly swollen fibers, especially in case of hydroxyalkyl 
cellulose fibers with water retention in excess of 200 
percent, exhibit substantial self bonding capability and 
produce webs that require no additional adhesive, no 
special purification, or bleaching. If special fabric like 
hand is desired, use of a softening agent may be desir 
able as a flush through treat either prior to or subse 
quent to the embossing pattern pressing and prior to 
drying. 
Additionally, the filament webs prepared in accor 

dance with the present invention, in a partially regener 
ated state, may be combined with a web of flocked fi 
bers such as wood, polymeric synthetic fibers, acetate 
fibers, rubber, glass or fibers from various different 
types of spun rayons. The combined webs can be 
passed through squeeze rolls and the inherent binding 
power of the filaments of the present invention, after 
complete regeneration, holds the nonwoven structure 
together to produce a nonwoven fabric. If desired, vari 
ous after-treatments may be employed subsequently, 
such as desulfurizing, bleaching, washing, softening, 
finishing, cross-linking and the like. 

In previously proposed processes for preparing cellu 
losic fibers, it has been customary to employ precious 
metal spinnerettes wherein open area for fiber forma 
tion normally constituted less than 5 percent of the 
available extrusion area. In the process of the present 
invention, these costly spinnerettes are replaced by 
fiber forming devices of the group consisting of-porous 
metal and plastic materials such as sintered aggregates, 
finely woven metal and plastic screens, porous metal 
structures containing parallel capillaries and the like. 
These porous extrusion media have a substantially 
greater open area than the heretofore conventional 
spinnerettes. Consequently, the presently proposed 
processes employing these devices enable a substantial 
increase in fiber extruded per square inch of extrusion 
area as well as a more rapid extrusion rate. 
The fiber forming devices employed in the processes 

of the present invention may be prepared from corro 
sion-resistant metals such as platinum-gold, platinum 
rhodium, nickel, tantalum and the like, if desired. How: 
ever, the use of these metals is optional with the devices 
of this invention. In fact, as normally practiced, the 
fiber forming devices of the present invention are pre 
pared from a variety of different plastics, relatively in 
expensive metals such as stainless steel, and other ma 
terials. In a preferred embodiment, the fiber forming 
device comprises a finely woven stainless steel dutch 
double twill screen coated with a protective, non-stick 
coating compound such as a fluorinated polyethylene, 
a polyvinyl chloride, a polyester, a silicone or the like. 
The extrusion area of these fiber forming devices will 

vary in a wide range, for example, from about one 
fourth inch to several inches in diameter. The devices . 
may contain from very few to several hundred thou 
sand holes or orifices per extrusion area, constituting 
flow paths through the devices; although, it is preferred 
to employ between about 50,000 and 100,000 holes 
per extrusion area. These holes or orifices may be cir 
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cular, square, rectangular, oblong, random or irregu 
larly shaped and normally range in size from about 1 
mil (equivalent diameter) to about 5 mils (equivalent 
diameter). However, other shapes and sizes may be em 
ployed if desired to provide special effects in the ex 
truded fibers. Nonetheless, we have found that for best 
results, the extrusion flow paths through these devices 
should comprise at least about 10 percent of available 
extrusion area, and preferably between about 10 and 
about 35 percent. 

In certain instances, depending upon the particular 
shape of the holes or orifices in the fiber forming de 
vices and the number and spacing of these holes or ori 
fices per unit area, the necessary access of acid within 
the large masses of fibers being extruded through the 
devices is not achieved. We have found that in such 
cases, suitable access channels for the acid can be pro 
vided at the downstream surface face of the extrusion 
devices. For example, channels may be formed by 
blocking off patterned hole arrangements on the sur 
face of the porous extrusion devices or by hole patterns 
or perforations in the means employed to support the 
screens. In a preferred embodiment, the flow paths in 
the porous structure itself can be closed, for example, 
by using a heat sealable plastic cut out defining acid 
path access channels. In a particularly preferred em 
bodiment, the patterned design or shape is pressed di 
rectly into a metal screen coated with a fluorinated 
polyethylene such as polytetrafluoroethylene and heat 
sealed in place to form an integral and serviceable low 
cost extrusion structure. 

In operating the processes of this invention, we have 
found that a minimum of filtration is required, and in 
many cases, no filtration other than a perfunctory pre 
liminary screening of the solutions prior to extrusion is 
needed. Thus, the instant processes obviate the need 
for extensive filtration which has been required hereto 
fore. Also, the instant processes accommodate the use 
of less expensive dissolving pulps and permit the use of 
"leaner" cellulose solutions having higher solids con 
centration than have been possible in previous pro 
cesses. In fact, the combination of fast setting, lean so 
lutions and fast setting, non-retarding acid baths pro 
mote the extrusion of high density of filaments through 
a given extrusion area without excessive amounts of 
stuck filaments, such mass extruded filaments being 
ideal for nonwovens. 
Accordingly, the instant processes provide increased 

productivity yield per extrusion area of highly water ab 
sorbent and water retentive cellulosic fibers, such as 
the above described viscose fibers and hydroxyalkyl 
cellulose fibers, at minimal cost. These fibers and fila 
ments are admirably suited for formation of nonwoven 
and disposable fabrics with sufficient strength, body, 
and softness to have an improved hand while retaining 
high receptivity for moisture pickup. Additionally, 
these processes provide other cellulosic fibers such as 
cellulose acetate which are also well suited for use in 
nonwoven fabrics as low-cost binding fibers resulting 
from their thermoplastic nature. 
Where reference is made herein to "water retention' 

values, it is to be understood that this term specifies the 
moisture remaining in and on a fiber after a re-wet fiber 
specimen is centrifuged for ten minutes at an accelera 
tion of 1000 times normal gravitational acceleration. 
The water retention is reported as a percentage of the 
weight of the oven-dry fiber. Thus, we have found that 
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8 
under such centrifuging treatment at 1000 G., the non 
woven viscose fiber of the present invention has a water 
retention of at least about 120 percent (preferably 
ranging up to about 200 percent) and the hydroxyethyl 
cellulose fiber of this invention has a water retention of 
at least about 200 percent (preferably ranging up to 
about 400 percent). As a basis of comparison, water 
retention of cotton under comparable treatment is 
about 45 percent, water retention of high performance 
rayon is about 70 percent and regular textile rayon is 
about 90 percent. It should be noted that never-dried 
fibers so produced hold substantially more water than 
can be reabsorbed after drying has somewhat collapse 
the structure. - 

As described, the processes of the present invention 
are adaptable to either batch type or continuous fiber 
forming operations, although continuous processes are 
preferred. Furthermore, the instant processes can be 
employed to produce fibers and filaments having a 
wide variety of deniers (e.g., from about 0.5 to about 
15.0) depending upon such factors as the rate of extru 
sion of the fibers, the degree of ripeness of the cellulose 
solutions, the bath activities and the percentage 
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stretching employed. However, in a preferred embodi 
ment, the denier of the fibers should be in a range of 
from about 1.5 to about 3.0. 
The following examples are set forth for purposes of 

illustration only and are not intended to be construed 
as being limitative in any respect. 

EXAMPLE I 

This example illustrates a process of the present in 
vention for preparing new and improved low-cost vis 
cose fibers suitable for use in nonwovens and disposa 
bles. 
A viscose solution was prepared with a composition 

of 8 percent cellulose, 5 percent sodium hydroxide, and 
using 30 percent carbon disulfide in xanthation, in the 
absence of viscose additives or modifiers. A dissolving 
grade wood pulp cellulose was mercerized in 18.6 per 
cent sodium hydroxide at a temperature of 26 C. for 
60 minutes, following which excess caustic was re 
moved to provide an alkali cellulose: 
cellulose ratio of about 2.7. The pressed alkali cellulose 
was mechanically disintegrated at a temperature of 26° 
C. and depolymerized (aged) in a controlled fashion to . 
provide a fiber degree of polymerization of 350. Xan 
thation was carried out at 26°C. Dissolution of the cel 
lulose xanthate in caustic was effected at a temperature 
ranging from 5-20 C. for a period of 60 minutes. The 
solution thus obtained did not have to be filtered 
through any of the filter media conventionally used in 
viscose-making and was screened through a stainless 
steel screen of 100X 950 mesh to remove foreign parti 
cles or cellulosic aggregates. The viscose was ripened 
at reduced pressure to remove air and to obtain a so 
dium chloride salt index of 6 for extruding at an extrud 
ing viscosity of 80 bfs. 
The viscose solution thus prepared was extruded into 

a primary spin bath containing 8 percent. HSO and 
about 14 percent sodium sulfate. No other bath addi 
tive or modifier was required. This bath was maintained 
at a temperature of 50° C. and length of tow exposure 
in the bath, adjusted to yield maximum stretchability of 
the fiber, was about 20 inches. Stretch was 50 percent. 
The viscose was extruded into the primary bath from 

a container held under slight pressure, through a po 



9 
rous, sintered metal disc which provided a finite num 
ber of discrete flow paths of random diameter. The sin 
tered metal material was "Poral,' a sintered stainless 
steel material manufactured by Ugine Carbone, Greno 
ble, France. The flow paths through this sintered metal 
extruding material comprised about 35 percent of the 
total extrusion surface area. The size of the randomly 
shaped flow paths varied from about 20 to about 40 mi 
COS. 

The resulting viscose fibers were cut into staple, puri 
fied, finished and dried by conventional methods. The 
fibers were analyzed and found to have the following 
physical properties: average denier (per filament) of 3, 
a conditioned tenacity of 2.5 g/d, a wet tenacity of 1.5 
g/d, a conditioned elongation of 15 percent, a wet elon 
gation of 8 percent, and a wet modulus (tenacity mea 
sured at 5 percent extension) of 0.2 g/d. This fiber had 
a water retention value of 120 percent. 

EXAMPLE II 

This is another example illustrating a process of the 
present invention for preparing new and improved vis 
cose fibers suitable for use in nonwovens and disposa 
bles. 
A viscose solution was prepared with a composition 

of 11 percent cellulose, 5 percent sodium hydroxide, 
using 27 percent carbon disulfide in xanthation, in the 
absence of viscose additives or modifiers. A dissolving 
grade wood pulp cellulose was mercerized in 18.6 per 
cent sodium hydroxide at a temperature of 26 C. for 
60 minutes, following which excess caustic was re 
moved to provide an alkali cellulose: cellulose ratio of 
about 2.7. The pressed alkali cellulose was mechani 
cally disintegrated at a temperature of 26 C. and depo 
lymerized (aged) in a controlled fashion to provide a 
fiber degree of polymerization of 250. Xanthation was 
carried out at 26 C. 

Dissolution of the cellulose xanthate in caustic was 
effected at a temperature ranging from 5-20 C. for a 
period of 120 minutes. The solution thus obtained did 
not have to be filtered through any of the filter media 
conventionally used in viscose-making and was 
screened through a stainless steel screen of 100 x 950 
mesh to remove foreign particles or cellulosic aggre 
gates. The viscose was ripened at reduced pressures to 
remove air and to obtain a sodium chloride salt index 
of 4 for extruding at an extruding viscosity of 80 bfs. 
The viscose so prepared was extruded into a primary 

both containing 12 percent H2SO4 and about 14 per 
cent sodium sulfate. No other bath additive or modifier 
was required. This bath was maintained at a tempera 
ture of 25 C. and length of tow exposure in the bath, 
adjusted to yield substantial stretchability of the fiber, 
was about 20 inches. Stretch was 20 percent. The vis 
cose fibers were extruded into the primary bath from 
a container held under slight pressure, through an un 
coated double dutch twill stainless steel screen of 100 
X 950 mesh. The flow paths or open area for extrusion 
in this screen constituted about 10 percent of the total 
extrusion surface area. The size of the individual holes 
was nominal 0.1 mil and the holes were oblong shaped. 
The resulting viscose fibers were cut into staple, puri 

fied, finished and dried by conventional methods. The 
fibers were analyzed and found to have the following 
physical properties: a denier (per fiber) of 2, a condi 
tioned tenacity of 1.5 g/d, a wet tenacity of 0.5 g/d, a 
conditioned elongation of 18 percent, a wet elongation 
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of 20 percent, and a wet modulus (tenacity measured 
at 5 percent extension) of 0.1 g/d. This fiber had a 
water retention value of 150 percent. 
The cross-sectional configuration of fibers prepared 

according to the procedures of the present example are 
illustrated in FIG. 1. These fibers exhibiting acute an 
gular configuration offer a large ratio of surface to 
weight and are particularly useful in bonded nonwoven 
web formation with respect to bonding, absorbency 
and water retention. 

EXAMPLE III 
This example illustrates another process of the pres 

ent invention for preparing new and improved viscose 
fibers. 
A viscose solution having a composition of l l per 

cent cellulose, 5 percent hydroxide and xanthated 
using 28 percent carbon disulfide was prepared in ac 
cordance with the method of Example I. The alkali cel 
lulose was depolymerized to yield a fiber degree of po 
lymerization of 275, the viscose was dissolved at a tem 
perature of 15 C. in a mixing cycle lasting 2 hours and 
screened through a 100 x 100 mesh stainless steel 
screen coated with "Teflon," a polytetrafluoroethylene 
product of the E.I. Dupont DeNemours Co., Wilming 
ton, Delaware. The solution was then ripened to a so 
dium chloride index of 3 and extruded at a viscosity of 
50 bfs, through a porous extrusion medium consisting 
of a "Teflon' coated stainless steel 100 x 100 mesh 
screen. The size of the square-shaped individual flow 
paths in the screen was 0.0055 inches wide and 0.0055 
inches long and there were 10,000 flow paths for every 
square inch of extrusion surface. The flow paths 
through this extrusion medium comprised about 30 
percent of the total extrusion surface area. The viscose 
was extruded into a primary bath containing 1 1.0 per 
cent H2SO4, 14.0 percent NaSO and 0.01 percent lau 
ryl pyridinium chloride, maintained at a temperature of 
50° C. The fiber was regenerated in a secondary bath 
containing 3 percent HSO at 95°C. Stretch between 
the first godet and the wash-reel was of the order of 30 
percent. The fiber was washed, cut into a staple length 
of 1% inches, desulfurized, finished with an oil emmul 
sion and dried in the conventional manner. 
The viscose, fibers thus prepared were analyzed and 

found to have the following physical properties: a de 
nier of 3 per fiber, a conditioned tenacity of 1.5 gld, a 
wet tenacity of 0.5 g/d, a conditioned elongation of 15 
percent, a wet elongation of 18 percent, a wet modulus 
of 0.15 g/d, a water absorption value of 140 percent, 
and a cross-sectional shape exhibiting angularity. 

EXAMPLE IV 

This example illustrates a process of the present in 
vention for preparing new and improved low-cost hy 
droxyethyl cellulose fibers suitable for use in nonwo 
vens and disposables. 
A solution of hydroxyethyl cellulose (hereinafter 

termed HEC) was prepared by dissolving 4 percent eth 
ylene oxide substituted HEC in a caustic solution. The 
solution thus prepared contained 8.5 percent HEC and 
5.7 percent sodium hydroxide and had a viscosity of 28 
bfs. This solution was passed in a single stage through 
a cotton gauze 2 oz. filter in a filter press to produce an 
HEC solution having a degree of polymerization of 
260. The solution was then extruded through a "Tef 
lon' coated stainless steel 100 x 100 mesh screen, de 
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scribed in Example III, into a bath containing l l per 
cent sulfuric acid and 18 percent sodium sulfate at a 
temperature of 50° C. Tow exposure in the bath was 30 
inches and stretch was 30 percent. The fiber was col 
lected wet, cut into staple 1 % inches long, washed in 
hot water, finished with an oil emulsion and dried. 
The HEC fibers thus prepared were analyzed and 

found to have the following physical properties: a de 
nier (per fiber) of about 5, conditioned tenacity of 1.1 
g/d, wet tenacity of 0.4 g/d, conditioned elongation of 
25 percent, wet elongation of 28 percent, wet modulus 
of 0.1 g/d, water retention of 250 percent dried and 
350 percent never-dried. 

EXAMPLE V 

This example illustrates the preparation of new and 
improved hydroxyethyl cellulose fibers by a process of 
the present invention. 
An HEC solution was prepared by dissolving a 4 per 

cent ethylene oxide substituted HEC crumb (D.P. of 
200) in a caustic solution. The solution thus prepared 
contained 10 percent HEC and 5.6 percent sodium hy 
droxide. This solution was filtered, in a single stage, 
through porous filtration grade paper, deaerated and 
then extruded in a bath composed of 14.0 percent sul 
furic acid and 18 percent sodium sulfate at a tempera 
ture of 40° C. Extrusion was through a 100 x 950 mesh 
twill weave stainless steel screen to produce filaments 
which set quickly under these conditions without fiber 
sticking. The filaments were stretched 30 percent and 
wound up at 50 meters/min. The fiber bundle consist 
ing of approximately 100,000 individual filaments was 
cut into staple of 1 % inch length, washed, and treated 
with 0.1 percent Arquad, a lubricating anti-bonding 
and finishing agent. Then the staple fibers were par 
tially dried, "opened' and dried to 90 percent bone dry 
condition. - 

When the staple fibers were re-wet with water and 
centrifuged at 1000 G. for a period of 10 minutes, the 
HEC fibers had a water retention of 200 percent. The 
fibers had the highly angular sting ray-like cross 
sectional configuration illustrated in FIG. 2. These fi 
bers exhibiting acute angular configuration offer a 
large ratio of surface to weight and are particularly use 
ful in bonded nonwoven web formation with respect to 
bonding, absorbency and water retention. The fibers 
also had a conditioned strength of about 1 g/d, and a 
wet strength of 0.4 g/d. 
The re-wet and dried fibers possessed substantial self 

adhesive and bonding qualities either with or without 
“opening" the fibers. The dried fibers which were 
treated with "Arquad" could be opened and carded 
readily and air laid into a uniform web. 

EXAMPLE VI 
A dissolving grade sulfite wood pulp was treated with 

0.1 percent Pluronic L-64 and converted to a 5 percent 
ethylene oxide substituted HEC crumb and aged to a 
DP level of 185. This crumb was dissolved in a caustic 
solution to yield a solution having a composition of 10 
percent HEC and 5 percent sodium hydroxide. The so 
lution was filtered through a fibrous polyamide nonwo 
ven to remove undispersed material and deaerated. 
The solution was then extruded through a screen of 100 
X 950 mesh having a slot % inch X 2 inches blocking 
off a patterned hole arrangement to provide two areas 
having approximately 50,000 holes each. The extruded 
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filaments were stretched 25 percent without adhesion 
of filaments, cut to 1 inch staple, washed and treated 
with 0.1 percent Arquad, anti-bonding and finishing 
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agent. Then, the staple fibers were "opened" and dried. 
These fibers had a water retention of 300 percent as 

measured by centrifuge treatment at 1000 G. for 10 
minutes. The cross-section of the HEC fibers exhibited 
the unique acute angularity of the fibers of the present 
invention similar to that in FIG. 2. 
When the fibers were re-wet and pressure printed in 

a rectangular pattern, they bonded readily to them 
selves. A pad of fibers bonded together in this manner 
were agitated in excess water and were easily dispersed 
into a flushable state. 

EXAMPLE VII 

This example illustrates a process of the present in 
vention for preparing new and improved cellulose ace 
tate fibers suitable as a component of the furnish used 
in preparing nonwovens and disposables. 
One part shredded rayon-grade sulfite wood cellulose 

of 92 to 94 percent O.D. is reactivated for acetylation 
by treatment for 2 hours at 25°C. with 0.35 parts of 
acetic acid. The reactivated cellulose is added to a sig 
ma-blade type mixer containing 2.8 parts of 97 percent 
acetic anhydride, six parts of glacial acetic acid and 
0.125 parts of 97 percent sulfuric acid at a temperature 
of 5 C. The reaction temperature is increased to 48 
C. over a 60-minute period and maintained at this tem 
perature until the degree of polymerization of the cellu 
lose acetate is about 250. At this point, the esterifi 
cation reaction is stopped by the addition of 1.34 parts 
of a mixture of one part of water and 1.6 parts of glacial 
acetic acid. 
The triacetate is hydrolyzed to 39.3 percent acetyl 

(2.4DS) at 48 C. At this point, the sulfuric acid in the 
acid gum is neutralized by the addition of magnesium 
acetate dissolved in 0.5 parts of 60 percent acetic acid. 
The precipitated magnesium sulfate is filtered off to 
give a reaction mixture that is then used directly for 
fiber extrusion that contains 13.1 percent cellulose ace 
tate, 80.7 percent acetic acid and 6.2 percent water. 

Fiber extrusion is accomplished by using air pressure 
to deliver the acid gum to a gear pump which in turn, 
forces the acid gum through a 400 x 400 mesh stainless 
steel screen. The holder for this screen allows a jetting 
area 0.25 inches in diameter. 
The screen is immersed in a bath composed of 5 per 

cent acetic acid, 15 percent sodium acetate and 80 per 
cent water. Bath temperature is 5 C. Fiber travel dis 
tance in the bath is 22 inches and the extrusion rate is 
10.0 meters/min, with a 20 percent stretch. Physical 
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tests of the cellulose acetate fibers thus produced 
showed a denier of 2.5, a conditioned tenacity of 1.0 
g/d with a 30 percent elongation. 
We claim: - 

1. A process for preparing low-cost viscose fibers 
having properties which are superior for nonwovens 
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and disposables with respect to water absorption, water 
retention, cross-sectional shape, fiber elongation and 
tenacity comprising the steps of steeping dissolving 
grade wood pulp in a sodium hydroxide solution; press 
ing, shredding and aging said pulp to produce an alkali 
cellulose containing about 32 to 38 percent cellulose 
and about 14 to 16 percent sodium hydroxide and hav 
ing an average degree of polymerization less than about 
400; xanthating said alkali cellulose with about 25 to 30 
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percent carbon disulfide and dissolving the Xanthate in 
sodium hydroxide to produce a viscose solution con 
taining from about 7 to 12 percent cellulose and about 
4 to 6 percent sodium hydroxide; ripening the solution 
to a salt index of about 1.5 to 7; deaerating and screen 
ing the solution; and extruding the solution into contin 
uous filaments in a coagulating bath through a porous 
fiber forming device comprising a porous extrusion 
media containing a controlled number and distribution 
of discrete flow paths, said flow paths comprising at 
least about 10 percent of the total extrusion surface 
area. 

2. A process for preparing low-cost cellulose acetate 
fibers comprising the steps of preparing an acid solu 
tion of cellulose triacetate from a dissolving grade 
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wood pulp by treatment with acetic acid and esterifi 
cation with an acetic acid-acetic anhydride mixture in 
the presence of an acetylation catalyst; hydrolyzing 
said triacetate, at a temperature of from about 40 to 
80 C., to an acetyl content of about 30-44 percent; 
screening the solution containing 10-15 percent cellu 
lose acetate and 78-83 percent acetic acid and extrud 
ing said solution into continuous filaments in a coagul 
labting bath through a porous fiber forming device 
comprising porous extrusion media containing a con 
trolled number and distribution of discrete flow paths, 
said flow paths comprising at least about 10 percent of 
the total extrusion surface area. 
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