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HIGH ABSORBENCY LYOCELL FIBERS AND 
METHOD FOR PRODUCING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Divisional application of US. 
Ser. No. 10/057,352, ?led on Jan. 24, 2002. The complete 
disclosures of the aforementioned related US. patent appli 
cations are hereby incorporated herein by reference for all 
purposes. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method for improving the 
absorbency characteristics of lyocell ?bers, and more particu 
larly to such a method Which is useful in the preparation of 
absorbent materials for catamenial tampons, sanitary nap 
kins, and other absorbent dressings. 

BACKGROUND OF THE INVENTION 

[0003] There are several forms of rayon manufactured and 
used in various industries including viscose, cuprammonium, 
high-Wet modulus and lyocell. HoWever, lyocell is distinct 
from other rayons. For example, the degree of crystallinity of 
lyocell is at least tWice that of rayon; lyocell consists of rather 
Well de?ned ?brils Which can separate due to Wet abrasive 
action, but it is otherWise not very sensitive to Water; and has 
higher tensile strength, especially Wet tensile strength com 
pared to other regenerated cellulose ?bers. Thus, While vis 
cose rayon has seen Widespread use in absorbent articles, 
such as catamenial tampons, sanitary napkins, and other 
absorbent dressings, lyocell has not been used in any signi? 
cant quantities for these articles. 
[0004] Various techniques have been described in the lit 
erature for increasing the absorbency of cellulosic materials. 
Such techniques include, for example, the preparation of 
alloy ?bers having matrices of regenerated cellulose and, 
uniformly dispersed therein, polyacrylates (e.g., Smith US. 
Pat. No. 3,884,287), acrylate/methacrylate copolymers (e.g., 
Allen et al US. Pat. No. 4,066,584; MeierhoeferU.S. Pat. No. 
4,104,214; andAllen US. Pat. No. 4,240,937), alkylene vinyl 
ether/ethylene dicarboxylic acid copolymers (e.g., Denning 
US. Pat. No. 4,165,743), sulfonic acids (e.g., Allen US. Pat. 
No. 4,242,242, polyvinylpyrrolidone (e.g., Smith US. Pat. 
No. 4,136,697), cellulose sulfate (e.g., Smith US. Pat. No. 
4,273,118), carboxymethylcellulose (e.g., Smith US. Pat. 
No. 4,289,824), or the like. 
[0005] Viscose rayon or other regenerated cellulose poly 
mer alloy ?bers may be subjected during preparation to one or 
more hot, aqueous baths. For example, post-regeneration 
treatments in hot Water baths at temperatures of from ambient 
(20°-25° C.) to as much as 1000 C. have been described in 
various of the above patents. Such treatments have not, hoW 
ever, been disclosed as having any appreciable effects on the 
absorbency characteristics of the cellulosic materials. 
[0006] Other treatments of cellulosic ?brous materials have 
been proposed in the literature for increasing their absor 
bency. Thus, the treatment of carboxymethylcellulose ?bers 
in hot aqueous baths containing cross-linking agents has been 
proposed to effect Wet cross-linking of the ?bers, With con 
sequent increase in the absorbency thereof (see, for example, 
SteigerU.S. Pat. No. 3,241,553; Ells US. Pat. No. 3,618,607; 
and Chatterjee US. Pat. No. 3,971,379). None ofthis litera 
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ture, hoWever, suggests the use of hot Water treatments per se 
for improving the absorbency of the cellulosic materials 
thereof. 
[0007] High Temperature Water (preferably deioniZed) 
Treatment of cellulosic ?brous materials has been described 
in Shah et al., US. Pat. No. 4,575,376. This treatment is at 
95°-100° C., and materials actually subjected to this treat 
ment appear to be limited to cotton, viscose rayon, and vis 
cose rayon alloys. Due to the different Water absorbency 
characteristics of viscose rayon from lyocell, the data pro 
vided in this reference does not necessarily suggest that the 
absorbency of lyocell Would be improved as signi?cantly as 
other cellulosic ?bers in such a HTWT process. 
[0008] Tyler et al., US. Pat. No. 4,919,681, purports to 
disclose a modi?ed method of treating cellulose ?bers in an 
acid solution having a pH of no more than 4. Again, the 
cellulosic ?bers actually tested in this reference are limited, 
and the data does not necessarily suggest that the absorbency 
of lyocell Would be improved as signi?cantly as other cellu 
losic ?bers in such a process. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides high absorbency 
lyocell ?bers to alloW their use as a replacement for conven 
tional viscose rayon ?bers in absorbent articles. 
[0010] In addition, it provides a neW technique for treating 
lyocell ?brous materials to increase their absorbency. 
[0011] This result is obtained in accordance hereWith by a 
hydrothermal treatment, Which comprises heating the lyocell 
?bers in the presence of Water at temperatures Within the 
range of up to about 100° C., for a period suf?cient to increase 
the absorbency of the ?bers to provide a Syngyna tampon 
absorbency of at least about 4.4 g/ g (at a density of about 0.4 
g/cm3) and drying the treated ?bers. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] FIG. 1 is a graph of the absorbent capacity of the 
?brous plugs of Example 6B of the present invention and 
Comparative Example 6A as a function of their density. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Hydrothermal treatment of lyocell ?bers desirably 
occurs in a Water bath at a temperature of from about 60° C. 
to 100° C. (or greater if under pressure). This treatment pro 
vides lyocell ?bers that exhibit high absorbency in com 
pressed structures that is similar to the levels of absorbency 
provided by viscose rayon. The ?bers are treated for a su?i 
cient period to increase their absorbency as measured by the 
Syngyna Test, as described hereinbeloW. It has been found 
that the absorbency of the lyocell ?bers has been increased by 
at least 14% and as much as 30% When treated at 90° C. to 
100° C. 
[0014] Hydrothermal treatment temperature can be from 
room temperature up to above boiling point, 100° C. (of 
course under pressure greater than atmospheric pressure or 
With added salt to raise the normal boiling point). With loWer 
temperatures, such as room temperature, the residence time 
needs to be higher than high temperature conditions. 
[0015] The processing steps of the invention are carried out 
in Water baths. It is not believed that it is necessary to use 
deioniZed Water to achieve high absorbency lyocell ?bers. For 
example, it is believed that ionic materials in the Water such as 
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sodium, chloride, sulfate atec may be present, Without greatly 
affecting the treatment. At the present time, it is believed that 
loW pH, i.e. acidic condition, should be avoided, neutral to 
high pH are acceptable. 
[0016] When it is desired to utilize the thus treated ?bers as 
absorbent materials for catamenial tampons or sanitary nap 
kins they may thereafter be dried, compressed, forrned into 
Webs (as, for example, by carding or air-forming), and then 
formed into absorbent articles. When, for example, it is 
desired to produce tampons therefrom, Webs of the hydro 
thermally treated lyocell ?bers may be formed into tampons 
by the procedure described in Friese et al., US. Pat. No. 
6,310,269 (the disclosure of Which is herein incorporated by 
reference), oWned by the assignee of the present invention. 
[0017] The hydrothermally treated lyocell ?bers may be 
combined With other materials to form the absorbent structure 
used in the absorbent articles, described above. For example, 
the materials employed in the formation of an absorbent 
article according to the present invention include the treated 
lyocell ?bers, additional ?bers, foam, hydrogels, Wood pulp, 
superabsorbents, and the like. A useful, non-limiting list of 
useful ?bers includes natural ?bers such as cotton, Woodpulp, 
jute, and the like; and processed ?bers such as regenerated 
cellulose, cellulose nitrate, cellulose acetate, rayon (other 
than treated lyocell), polyester, polyvinyl alcohol, polyole?n, 
polyamine, polyamide, polyacrylonitrile, and the like. Other 
?bers in addition to the above ?bers may be included to add 
desirable characteristics to the absorbent body. 

[0018] Fibers useful in the present invention include absor 
bent ?bers that are capable of absorbing a liquid into the ?ber 
itself and non-absorbent ?bers that do not absorb signi?cant 
amounts of liquid, but Which can help to provide a structure 
Which is capable of holding liquids in inter?ber capillaries. 
Absorbent ?bers include, Without limitation, cotton, Wood 
pulp, jute, regenerated cellulose, cellulose nitrate, cellulose 
acetate, rayon, and the like. Non-absorbent ?bers include, 
Without limitation, polyester, polyole?n, polyamine, polya 
mide, polyacrylonitrile, and the like. 
[0019] The Water baths (or sprays or the like) used in the 
method of this invention may also contain various adjuvants 
to impart other desired properties to the treated ?bers. For 
example, it is preferred in the processing of lyocell ?bers to be 
utiliZed as absorbents for catamenial tampons to incorporate 
in the hydrothermal treatment baths ?nishing agents, lubri 
cating agents or other desirable agents. These may be present 
as mixtures of the various agents, and other conventional 
additives may of course also be incorporated in the hydro 
thermal treatment baths of the invention, as desired. The 
agents may include diols, surfactants, and ?nishes such as 
glycerol monolaurate and similar compounds as disclosed in 
Brown-Skrobot, US. Pat. No. 5,679,369 (the disclosure of 
Which is herein incorporated by reference), oWned by the 
assignee of the present invention. 
[0020] As used herein, the term “surfactant” refers to a 
surface active agent, i.e., one that modi?es the nature of 
surfaces. Surfactants are often used as Wetting agents, deter 
gents, emulsi?ers, dispersing agents, penetrants, and anti 
foaming agents. Surfactants may be anionic, cationic, non 
ionic and ampholytic. Preferably, the surfactant used in the 
present invention is a nonionic surfactant. Nonionic surfac 
tants are generally less irritating of human body tissue, and 
they are therefore more acceptable in uses that contact such 
tissue. 
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[0021] A representative, non-limiting list of useful diols 
includes C2_8 diols and polyglycols, and the like. Preferably, 
the diol is selected from the group consisting of glycols (C2 
and C3 diols) and polyglycols. 
[0022] As used in the speci?cation and the claims, the term 
“polyglycol” refers to a dihydroxy ether formed by dehydra 
tion of tWo or more glycol molecules. A representative, non 
limiting list of useful polyglycols includes ethylene glycol, 
propylene glycol, polyethylene glycols, plypropylene gly 
cols, methoxypolyethylene glycols, polybutylene glycols, or 
block copolymers of butylene oxide and ethylene oxide. 
[0023] Preferred nonionic surfactants are ethoxylates, 
including fatty acid ester ethoxylates, fatty acid ether ethoxy 
lates, and ethoxylated sugar derivatives. 
[0024] Examples of ethoxylated fatty acid esters can be 
found in the class of ethoxylated fatty acid polyolesters, and 
more particularly, ethoxylated fatty acid sorbitan ester. A 
representative, non-limiting list of useful ethoxylated fatty 
acid sorbitan esters includes polyoxyethylene sorbitan laurate 
(also knoWn as Polysorbate 20 and 21), polyoxyethylene 
sorbitan palmitate (also knoWn as Polysorbate 40), polyoxy 
ethylene sorbitan stearate (also knoWn as Polysorbate 60 and 
61), polyoxyethylene sorbitan tristearate (also knoWn as 
Polysorbate 65), polyoxyethylene sorbitan oleate (also 
knoWn as Polysorbate 80 and 81), and polyoxyethylene sor 
bitan trioleate (also knoWn as Polysorbate 85). 
[0025] Examples of ethoxylated fatty acid ethers can be 
found in the class of polyoxyethylene alkyl ether. A represen 
tative, non-limiting list of useful polyoxyethylene alkyl 
ethers includes polyoxyethylene lauryl ether, polyoxyethyl 
ene stearyl ether (also knoWn as Steareth-2, Steareth-10, and 
the like), polyoxyethylene cetyl ether (also knoWn as Ceteth 
2, Ceteth-10, and the like), and polyoxyethylene oleyl ether 
(also knoWn as Oleth-2, Oleth-10, and the like). 
[0026] Examples of fatty acid esters can be found in the 
class of sorbitan fatty acid esters. A representative, non-lim 
iting list of useful sorbitan fatty acid esters includes sorbitan 
monooleate, sorbitan monostearate, sorbitan monopalmitate, 
sorbitan monolaurate, sorbitan tristearate, and sorbitan tri 
oleate. 
[0027] Examples of ethoxylated sugar derivatives can be 
found in the class of methyl glucose derivatives. A represen 
tative, non-limiting list of useful methyl glucose derivatives 
includes methyl gluceth-10, methyl glucose-20, methyl glu 
cose-20 distearate, methyl glucose dioleate, and methyl glu 
cose sesquistearate, PEG-120 methyl glucose dioleate, and 
PEG-20 methyl glucose sesquistearate. 
[0028] Examples of pharrnaceutically active compounds 
includes those such as Glycerol Monolaurate (“GML”, useful 
to inhibit the production of toxic shock syndrome toxin-1 
during the use of tampons) such as are disclosed in BroWn 
Skrobot, US. Pat. No. 5,679,369, the disclosure of Which is 
herein incorporated by reference. 
[0029] Desirably, such agents or other additives are incor 
porated in minor amounts in the hydrothermal treatment 
baths in order that the amounts of such materials deposited on 
the lyocell ?bers are Well beloW 5 Wt-%, and preferably 
Within the range of from about 0.1 to 1 Wt-%. 
[0030] The improved absorbencies achieved by the present 
method may be determined in vitro, or in vivo in appropri 
ately conducted clinical evaluations. For example, either the 
Well-knoWn Syngyna Test (see the US Federal Register, Part 
111, Department of Health and Human Services, Food and 
Drug Administration (21 CFR §801.430, Apr. 1, 2001)), or 
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the Plug Test (see Examples 5 and 6, below), may be utilized 
for the in vitro measurement of the absorbencies exhibited by 
the hydrotherrnally treated lyocell ?bers. 
[0031] The highly absorbent lyocell ?bers of the present 
invention can be formed into an absorbent tampon having a 
Syngyna Absorbency of at least about 4.4 g/ g and preferably, 
at least about 4.8 g/ g. Alternatively, the highly absorbent 
lyocell ?bers can be classi?ed by forming a mass of 2 g into 
a plug (as described for Examples 5 and 6, beloW) having a 
density of 0.4 g/g and a diameter of 25 mm and a GAT 
Absorbency (at 15 min.) of at least about 3.7 g/g, preferably 
at least about 4 g/g. 

EXAMPLES 

[0032] The techniques utiliZed in the hydrothermal treat 
ment of the invention, and the improved absorbency charac 
teristics thus obtained, are illustrated in the folloWing 
examples, Wherein all temperatures are given in degrees Cel 
sius and all parts and percentages are by Weight, unless oth 
erWise indicated. 

Examples 1-4 

[0033] Laboratory-made tampons having a mass of about 
2.5 g Were made according to the general teaching of Friese et 
al., US. Pat. No. 6,310,269, the disclosure ofWhich is hereby 
incorporated by reference. The tampons Were then subjected 
to the Syngyna Test as described in the US Federal Register, 
Part 111, Department of Health and Human Services, Food and 
Drug Administration (21 CFR §801.430, Apr. 1, 2001). The 
results are shoWn in Table 1, beloW: 

TABLE 1 

Syngyna Syngyna 
Density Value for Value 

Sample Description (g/cm3) tampon (g) (g/g) 

Comparative 1.5 denier 0.389 9.92 3.89 
Example 1A TENCEL ® 
Example 1B Treatedl 0.390 11.37 4.44 

1.5 denier 
TENCEL ® 

Comparative 2.2 denier 0.394 10.32 3.97 
Example 2A TENCEL ® 
Example 2B Treatedl 0.319 10.96 5.18 

2.2 denier 
TENCEL ® 

Comparative 3 denier 0.406 10.56 4.14 
Example 3A TENCEL ® 
Example 3B Treatedl 3 0.406 12.36 4.82 

denier 
TENCEL ® 

Comparative 1.5 denier 0.39 9.97 3.86 
Example 4A TENCEL ® 
Example 4B Treated2 0.38 12.39 4.80 

1.5 denier 
TENCEL ® 

lHydrothermal treatment in boiling Water at 90-100O C. for about 1 hour. 
2Hydrothermal treatment in boiling Water at about 1250 C. for about 1 hour 
at elevated pressure. 

[0034] The Syngyna Test data illustrate that hydrothermal 
treatment of lyocell ?bers improves their absorbency in com 
pressed tampons to over 4.4 g/g. This improvement repre 
sents an increase of 14% to 30%. 

Examples 5 and 6 

[0035] Compressed ?brous structures can take advantage 
of the present invention. The improvements can be shoWn by 
use of the Plug Test described hereinbeloW. 
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[0036] Plug Test 
[0037] The ?ber blend is opened via standard ?ber opening 
and carding equipment. 
[0038] Sample Preparation Procedure: A ?xed amount of 
?ber blend, of Weight 2 grams, is introduced into a stainless 
steel mold With a cylindrical cavity (of diameter 1 inch). A 
cylindrical plunger Which ?ts into the cavity is used to com 
press the ?ber mass. A laboratory press is used to apply the 
necessary pressure. 
[0039] After coming out of the mold the plug is left on the 
bench for about 20-30 minutes to equilibrate to an equili 
brated thickness, from Which the density of the plug is calcu 
lated. 
[0040] Plug Absorbency Test: The test sample is the equili 
brated plug. The plug is tested in a Gravimetric Absorbency 
Tester (as described in Pronoy K. Chatterj ee and Hien V. 
Nguyen, “Mechanism of Liquid FloW and Structure Property 
Relationships”, Chapter II, Absorbency, Textile Science and 
Technology, Vol. 7, pp 29-84, at pp. 67-68 (Elsevier Science 
Publishers B.V.), the disclosure of Which is herein incorpo 
rated by reference) using 1% saline as test ?uid. The test cell 
is a multi-hole cell having 25 holes, each having a diameter of 
about 3 mm, arranged in a circular array having a diameter of 
about 37 mm With tWo rings about a central hole (eight holes 
in the ?rst ring and 16 holes in the outer ring) With a GF/A 
?lter paper on top. The test is carried out at 1 cm hydrostatic 
head: the ?lter paper is 1 cm higher than the ?uid level in the 
reservoir. A holloW cylinder of diameter slightly greater than 
the mold cavity is placed vertically on the ?lter paper. At the 
start of the test the ?ber plug is dropped into the cylinder and 
a Weight is placed on top to impose an equivalence of 0.5-psi 
pressure. 
[0041] The amount absorbed is recorded With time by a 
computer. The test takes about 10 minutes. 

TABLE 2 

GAT GAT 
Absorbency Absorbency 

Density @ 45 sec. @ 15 min. 
Sample Description (g/cm3) (g/g) (gg) 

Comparative 1.5 denier 0.40 2.84 3.22 
Example 5A TENCEL ® 
Example 5B Treatedl 0.38 2.84 4.11 

1.5 denier 
TENCEL ® 

Comparative 2.2 denier See the graph in FIG. 1 
Example 6A TENCEL ® 
Example 6B Treatedl 

2.2 denier 
TENCEL ® 

lHydrothermal treatment in boiling Water at 90-100O C. for about 1 hour. 

[0042] The Plug Test data illustrate that hydrothermal treat 
ment oflyocell ?bers signi?cantly improves their GAT absor 
bency (@15 min.) in compressed plugs, e.g., to over 3 .7 g/g at 
a density of 0.4 g/cm3. 
[0043] The speci?cation and embodiments above are pre 
sented to aid in the complete and non-limiting understanding 
of the invention disclosed herein. Since many variations and 
embodiments of the invention can be made Without departing 
from its spirit and scope, the invention resides in the claims 
hereinafter appended. 

1-9. (canceled) 
10. A method for increasing the absorbency of lyocell 

?bers, comprising: 
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(a) hydrothermally treating the lyocell ?bers With Water at 
a temperature of at least about 60° C. for about one to 

sixty minutes; and 
(b) drying the treated lyocell ?bers to a moisture content of 

less than about 20 Wt-%; 

Wherein the treated lyocell ?bers are capable of being 
formed into a random ?brous plug having a mass of 2 g, 
a density of 4 g/cm3 , and a diameter of 25 mm Which has 
a GAT Absorbency (at 15 min.) of at least about 3.7 g/g. 
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11. The method of claim 10 Wherein the Water has a tem 
perature of about 80° C. to about 100° C. 

12. The method of claim 10 Wherein the Water comprises 
ionic material and the ?bers are treated at a temperature of 
about 90° C. to about 110° C. 

13. The method of claim 10 Wherein the ?bers are treated 
With boiling Water. 

14. The method of claim 10, further comprising adding 
glycerol monolaurate to the lyocell ?bers. 

* * * * * 


