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This invention relates to synthetic sponges, particularly 
sponges formed of regenerated cellulosic material, as well 
as to articles made of such sponges. 
While various forms of regenerated cellulosic sponges 

have been proposed and certain of these have been com 
mercially used, these known types of regenerated cellu 
lose sponges have been found to be feasible only for a 
limited number of uses, both from a purely physical view 
point and also from an economic standpoint. In some 
instances, the known types of cellulose sponges have not 
been well adapted to articles or uses wherein aligned 
fibres, for example, surgical cotton, have been widely 
used. Another difficulty experienced with presently 
known synthetic sponges has been the inability to properly 
balance or proportion their dimensional stability, liquid 
absorbency, desired firmness when dry with desired soft 
ness when wet, mechanical strength, rapidity of liquid 
absorbency and liquid retention under slight or moderate 
compression. 

It is an object of the present invention to overcome the 
foregoing disadvantages and difficulties of known cellu 
losic sponges and to provide sponges having character 
istics suitable for a wide variety of uses. Other objects 
and advantages of the invention will be in part apparent 
and in part pointed out hereinafter. 

In one of its broader aspects, the invention may be said 
to lie in providing a regenerated cellulose sponge of ex 
tremely high porosity. In another aspect the invention 
may be said to lie in providing a sponge of such high 
porosity, which has good mechanical strength without the 
addition thereto of fibres to reinforce the regenerated 
cellulose. In still another aspect the invention may be 
said to lie in providing regenerated cellulose sponges 
which contain significant amounts of powdered or com 
minuted cellulosic material, preferably highly purified cel 
lulose which is commonly called alpha cellulose. In still 
another aspect, the invention may be said to lie in provid 
ing a sponge comprised of highly purified, bleached and 
sterile cellulose. 

Before describing my invention in detail, it is to be un 
derstood that reference to specific embodiments of my 
invention is primarily intended to aid in illustrating the 
features and advantages of the invention but is not in 
tended to limit the invention, which is defined with more 
formal particularity, in the appended claims. 

In one of the presently preferred forms of my inven 
tion, sheets of high viscosity purified (alpha grade) cellu 
lose are first treated with 18% to 20% caustic soda so 
lution to yield alkali cellulose; the swollen sheets of this 
alkali cellulose in turn are compacted or squeezed back 
to approximately the original sheet thickness to rid the 
sheets of caustic soda solution to the extent of that por 
tion desired to be retained. Then the sheets are disinte 
grated or shredded to form alkali cellulose crumb. The 
alkali cellulose crumb is next treated with carbon disul 
fide to form cellulose xanthate. To this is added dilute 
NaOH solution to yield a viscose solution containing from 
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2 
4% to 6% cellulose in the form of xanthate and about 
6% NaOH. 

In one procedure, where powdered or comminuted cel 
lulose material, as such, is a part of the articles to be 
formed, the comminuted cellulose is dispersed in the afore 
said 4% to 6% cellulose, 6% NaOH, viscose solution. 

In another procedure, wherein mercerized powdered or 
comminuted cellulose material is to be a part of the final 
article, the viscose solution is made as heretofore de 
scribed except that the initial cellulose content of the vis 
cose will be about 8%. The powdered cellulose is sep 
arately mercerized with about 9-10% caustic soda; enough 
soda is used so that when it is later diluted with water to 
a caustic strength of about 6% and added to the viscose 
solution, the cellulose concentration (in the form of 
Xanthate) of the final mixture is from 4% to 6%. 
To the viscose mixtures described above I add fine 

crystals of a hydrated compound such as the dodecahy 
drate of trisodium phosphate or the decahydrate of so 
dium sulfate. While I find that in conducting the regen 
eration of the cellulose from the viscose mixture, the tri 
sodium phosphate permits an initial regeneration temper 
ature of about 70-80 C., thus minimizing degeneration 
of the cellulose, still good results are to be obtained with 
the sodium sulfate even though a higher regenerating tem 
perature is needed. 

In making the paste of crystals and viscose mixture it 
is important to ensure that the crystals are quite fine and 
not agglomerated. Crystals which will pass a 30 mesh 
screen or finer are satisfactory. 
Thereupon the paste is cast into molds or continuously 

extruded and the cellulose portion of the viscose solution 
in the paste regenerated by heat as indicated above, the 
heat being maintained for about 34 to one hour in order 
to minimize cellulose degeneration and gasification which 
tends to yield large pores. Thereupon the partially re 
generated cellulose is steamed to complete the regenera 
tion. As a final step the final sponge product is washed 
and thereafter may be bleached or otherwise purified or 
even dyed. 

In making the particular paste described, the cellulose 
subjected to the 18-20% caustic soda solution and carbon 
disulfide has an intrinsic viscosity of about 10 and greater 
whereas the powdered or comminuted cellulose has a sig 
nificantly lower intrinsic viscosity, for example, about 4.5 
or less. Both forms of cellulose used were highly purified 
and bleached to a high degree of whiteness. Celluloses 
derived from wood are generally found satisfactory for 
the above purposes although of course other sources of 
high grade cellulose may be used. 

In making sponges according to the invention, one may 
vary the proportions of the cellulose xanthate to the pow 
dered cellulose over a wide range, dependent upon the 
properties desired to be incorporated into the final prod 
lict. For example in certain instances as much as one 
half or more of the final product sponge will be comprised 
of powdered cellulose, either mercerized or unmercerized. 
The purely physical distinctions between sponges made 

as described above and the currently typical commercial 
Sponges of regenerated cellulose and hemp, flax, hair, 
man-made fibres or the like, all of substantial length, may 
perhaps best be appreciated by reference to the accom 
panying drawings wherein: 

Figure 1 is a reproduction of a photograph, about 13 
diameters actual size, of a dry extra fine textured sponge 
made according to the invention, the photograph having 
been taken of a specimen cut along its longest axis. 

70 

taken at right angles to the plane of Figure 1. 

Figure 2 is a view similar to Figure 1 except the extra 
fine sponge is viewed when wet. 

Figure 3 is a view of the wet sponge of Figure 2 but 
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Figure 4 is a perspective view of a vaginal tampon 
made according to an embodiment of the invention. 
The conventional regenerated sponges containing hemp, 

flax, hair, man-made fibres or the like, even when made 
in the so-called commercial fine textures, are consider 
ably coarser than sponges made according to the in 
vention. Moreover, the conventional sponges are some 
what non-homogeneous in that their porosity differs de 
pending upon which section is viewed and with a wide 
variance of pore sizes in any section. This renders them 
less uniform in mechanical strength as well as in other 
properties. In contrast, a Sponge made according to the 
invention as illustrated in Figures 1, 2 and 3 is quite 
homogeneous in its porosity and free from the very large 
pores which characterize known sponges. 

It is to be noted that sponges made according to 
the invention may be so porous that, when dry, each 
cubic inch thereof contains about 1,400,000 voids and, 
when wet, so that its volume expands to some 200% 
of the original volume, the number of voids is approxi 
mately 500,000 to 700,000 per cubic inch. 
In Figure 4 is shown a tampon generally designated as 

it which has a typically cylindrical form 3 and a smooth 
ly rounded end 15. Through an aperture 16 near the op 
posite end of tampon i is passed a small string 7 so 
that the user may conveniently remove the tampon from 
the vagina. As shown, the cylindrical surface 4 of 
tampon E is knurled to increase the rate of wetting al 
though such knurling is not essential for good perform 
ance. It is to be noted that a tampon as illustrated need 
not have an enveloping support for insertion, Such as 
the cylindrical telescoping tubes used with conventional 
cotton tampons; on the contrary tampon is has sufficient 
firmness when dry so that the user may easily insert the 
tampon into the body cavity. The elimination of Sup 
porting tubes makes it possible to manufacture tampons 
according to the invention rather simply and without the 
added packaging expense entailed by the use of Support 
ing tubes of conventional tampons. Also when mod 
erately wet and resilient they can be inserted without 
using an added mechanism. 

In casting or molding a tampon such as is illustrated 
in Figure 4, one makes up a paste comprised of viscose, 
with or without highly purified comminuted cellulose, 
and crystals as described above. This paste is placed in 
molds having the general outline of the desired tampon 
and subjected to conditions such as heat which will re 
generate the cellulose of the cellulose Xanthate. In a 
typical example about 2.553 cubic inches of paste are 
cast into a tampon mold; when dried the final tampon 
formed has a volume of only 0.393 cubic inch. When 
crystals passing a 40 mesh screen are used, the final 
tampon has about a million and a half voids or pores 
per cubic inch. 
A significant feature of the Sponges made according 

to my invention is their dimensional stability or “dimen 
sional memory' particularly when wet. For example, 
when a tampon made of one of my sponges is in use, in 
the wetted condition (which occurs rapidly, as pointed 
out hereinafter), the tampon is soft, resilient and Smooth 
to the touch. As the user walks, sits, rises or otherwise 
moves, the easily deformable sponge tampon accom 
modates itself to the actions of the user without dis 
comfort. While a conventional cotton tampon also is 
deformed when wet, it exhibits little tendency to return 
to its original shape, rather remaining as the soggy wad 
of common experience. This feature of my sponges is 
of importance inasmuch as when they are momentarily 
squeezed or deformed and a minor quantity of sorbed 
liquid expelled, upon the release of the deforming pres 
sure, the sponge promptly assumes its original shape i.e. 
it "remembers' its original dimensions and re-sorbs any 
expelled liquid. In contrast, the gross absorbent char 
acteristic of the conventional tampon is diminished with 
more or less severity depending upon the extent of 
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4. 
deformation. As may readily be perceived, such diminu 
tion of gross absorbency and failure to reabsorb expelled 
liquid, characteristic of conventional tampons, is unde 
Sirable and in use may result in embarrassing and un 
expected leakage from the body cavity. 

In order to demonstrate more clearly the advantageous 
characteristics of sponges made according to the inven 
tion, there is tabulated below a comparison of certain 
physical characteristics of the new sponges (cast in the 
form of a tampon) with three conventional commercial 
Sponges cut into a tampon form and with two commer 
cial brands of cotton tampons. In this tabulation S 
and S8 refer respectively to my sponges made of 58% 
regenerated viscose cellulose with 42% unmercerized 
comminuted purified cellulose and 58% regenerated vis 
cose cellulose with 42% mercerized comminuted puri 
fied cellulose. The physical dimensions of these pieces 
when dry are as follows: 
S. 2' x 72’, weight 1.6 gms., vol. .3927 in.3 
S. 2' x 1%', weight 1.6 gms., vol. 0.5552 in.3 
The dry commercial cotton tampons, designated as T 

and M respectively, are 14' x 4', 2.2 gms. 0.2945 in.3, 
and 134' x 72’, 2.5 gms..., 0.3436 in.3. The commercial 
sponges were cut into tampon form from rectangular 
blocks, three samples of each sponge being cut, one 
along the longest axis, one along the intermediate axis 
and one along the shortest axis. These samples are desig 
nated as DSF, DIF and DIF the subscripts indicating that 
a sample D was cut along the short axis S, the intermedi 
ate axis I or the long axis L and the general porosity was 
F for fine. Similarly a sample labeled Dic, means it 
was a commercial sponge D cut along the long axis 
and was of C or coarse grade. The letter N designates 
another commercial brand of sponge containing some 
synthetic man-made fibre in addition to flax, hemp or 
hair. The dry dimensions of these sponges are as fol 
lows: 

Dsc 2' x 4'', 0.4 gm., 0.3927 in.3 
D 2' x 4'', 0.4 gm., 0.3927 in.3 
Dc 2' x 4', 0.4 gm., 0.3927 in.3 
Ds 2' x 4', 0.4 gm., 0.3927 in.3 
DE 2' x 4', 0.4 gm., 0.3927 in.3 
DE 2' x 4', 0.4 gm., 0.3927 in.3 
Nsc 2' X /2', 0.3 gm., 0.3927 in.8 
N 2' x 4', 0.3 gm., 0.3927 in.3 
No. 2' x /2', 0.3 gm., 0.3927 in.3 
The results of comparative tests are set forth below 

in Tables I, II, II. Such tests include a hydrostatic 
pressure test wherein each sample was subject to one 
p.s. i. hydrostatic pressure and its characteristics noted. 
This test simulates the conditions of normal or ab 
normal pressures in the human vagina. Additional tests 
were a saturation test, absent any superimposed pressure, 
a tensile strength test and a rate of wetting or ab 
sorbency test, termed a wicking test. 

TABLE 

I lb. p.s. i. hydrostatic pressure 

Time Water Wol. in 
(sec.) for Water pickup crease, 

Sample water pickup per dry - percent 
passage (gns.) in.3 dry to 
through wet 

59 8.5 21.6 195 
20 10.3 18.5 179 
69 6.6 22.4 188 
7. 7.7 22.3 78 
16 3.0 7.6 126 
13 2.3 5.8 77 
18 2.2 5.6 7. 
13 3.5 8.9 146 
2. 2.9 7.4 177 
14 2.8 7. 66 
55 3.0 7.6 153 
35 3.5 8.9 

LC----- - - - - - - - - - - - - - - - - - - - - - 65 3.2 8.2 66 
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TABLE 
Saturation test 

WO in 
Satt- Water Saturated cease 

Sample rated pickup volume (wet to 
(gns.) (gms.) (in.) Saturated) 

(percent) 

5.8 14.2 0,760 None 
5.8 4.2 0,9940 None 
7.0 14, 8 0,984 78 

16, 8 14.3 1,0209 16 
5,8 5,4 0.4909 None 
6.5 6. 0.694 None 
6.9 6.5 0.67 None 
7.5, 7. 0,547 None 
8.4, 8.0 0, 6947 None 
9.2 8.8 0.6520 None 
7.2 6.9 0, 613 None 
6.7 6, 4 0.6947 None 
6.5 6.2 0, 6523 None 

In Table III is set forth the comparative wet tensile 
strength as measured lengthwise and the wicking time of 
the various samples. The wicking time was measured 
by noting the elapsed time between initial wetting of the 
bottom of a dry sample tampon and wetting of the top 
end when the tampon is maintained upright. All samples 
were 2' long except T (12') and M (1%'). 

TABLE 

Tensile breaking 
strength (wet) per 
sample in pounds 

75 
1.25. 

2275. 
75 plus. 
5 mints. 
7.0. 

15.8. 
5 minus, 
36. 

35.6. 
5 minus. 
12.2. 

- 5 minus. 

As indicated by the above comparisons, the several 
sponges made according to the invention have sorbency 
characteristics far superior to commercial regenerated 
cellulose fibre sponges and at least of the same calibre as 
cotton tampons. The strength thereof is more uniform 
and the speed of wetting is far superior to commercial 
sponges. Furthermore, the characteristics of my Sponges 
may be adjusted or varied to meet the needs of particular 
uses, for example, by varying the proportions of Xanthate 
and comminuted cellulose or by using mercerized or un 
mercerized comminuted cellulose. 
So that those skilled in the art may be guided as to how 

to adjust the composition of sponges according to the 
invention to meet particular uses, the following sets forth 
the general effect of particular variations. For example, 
increasing proportions of comminuted cellulose tend to: 
(a) decrease the tensile strength and water pickup ex 
pressed in volumes per volume of the sponge; (b) in 
crease dimensional stability from wet to dry and dry to 
wet (i.e. less swelling from dry to wet); (c) increase the 
rate of water pickup on a weight basis; and (d) make the 
tensile strength more uniform in all directions. In addi 
tion, sponges made with mercerized comminuted cellu 
lose tend to shrink less from the mold upon regeneration 
than do sponges containing unmercerized comminuted 
cellulose. 
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While I have particularly described my invention when 

used as a tampon, it is to be noted that one may make 
somewhat finer or coarser sponges as described. The 
sponge also may be used for a wide variety of purposes, 
with or without added ingredients such as powdered 
materials, abrasives, medicaments, deodorants and the 
like. In addition, sponges as set forth above may be 
used as absorbers or filters for other liquids such as gaso 
line and the like or as filters for gases and gaseous dis 
persions such as fogs and smokes. One may make ad 
vantageous use of my sponges as filters for cigarettes, 
pipes and the like. 

Having now particularly described my invention, what 
is claimed is: 

1. A sponge comprised of a major quantity of regen 
erated cellulose and a minor quantity of finely comminu 
ted highly purified unregenerated cellulose, said sponge 
containing a multiplicity of fine pores to the extent of at 
least 500,000 pores per cubic inch. 

2. A sponge comprised of regenerated cellulose and 
a significant quantity of finely comminuted highly puri 
fied unregenerated cellulose. 

3. A sponge comprised of regenerated cellulose and a 
significant quantity of finely comminuted highly purified 
unregenerated cellulose, said sponge containing at least 
500,000 pores per cubic inch. 

4. A sponge comprised of regenerated cellulose and a 
significant quantity of finely comminuted highly puri 
fied unregenerated cellulose, the unregenerated cellulose 
used having an intrinsic viscosity of not more than 4.5. 

5. A sponge comprised of regenerated cellulose and 
a significant quantity of finely comminuted highly puri 
fied unregenerated cellulose, said unregenerated cellulose 
being mercerized. 

6. A sponge comprised of regenerated cellulose and a 
significant quantity of finely comminuted highly purified 
unregenerated cellulose, said unregenerated cellulose 
being fine enough to pass a standard 20 mesh screen. 

7. A sponge comprised of regenerated cellulose and a 
significant quantity of finely comminuted highly purified 
unregenerated cellulose, said unregenerated cellulose hav 
ing been bleached to whiteness. 

8. A sponge according to claim 7 wherein said regen 
erated cellulose has been bleached to whiteness. 

9. A tampon comprised of a firm dry sponge contain 
ing a major quantity of regenerated cellulose and a minor 
quantity of powdered highly purified unregenerated 
cellulose, 

10. A tampon comprised of a firm dry sponge contain 
ing a major quantity of regenerated bleached cellulose 
and a minor quantity of powdered highly purified 
bleached unregenerated cellulose. 

11. A tampon according to claim 9 wherein said sponge 
contains at least 500,000 pores per cubic inch. 

12. A tampon according to claim 10 wherein at least 
one outer surface thereof is knurled. 

13. A tampon according to claim 9 wherein the outer 
surfaces thereof are free from protruding fibres. 
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