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APPLY A TEXTILE COMPOSITE TO A CONTAMINATED SKIN 
AREA FOR A PREDETERMINED PERIOD OF TIME WHEREIN 
A WASHING PROCEDURE OR A MASSAGE PROCEDURE IS 

NOT UTILIZED. 

REMOVE THE TEXTILE 
COMPOSITE FROM THE A1202 
CONTAMINATED SKIN 

AREA. 
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I FIG. 12 I 

/‘13OO 
REAPPLY THE TEXTILE COMPOSITE TO THE _ 

CONTAMINATED SKIN AREA. 

r1302 
ADHERE THE TEXTILE COMPOSITE TO THE 

CONTAMINATED SKIN AREA VIA AN ADHESIVE LAYER. 

r1304 
STIMULATE PRODUCTION OF SWEAT IN THE 

* CONTAMINATED SKIN AREA, WHEREIN A CARRIER LAYER ’ 

IS IMPERMEABLE TO WATER VAPOR. 

1306 /— 
STIMULATE PRODUCTION OF SWEAT IN THE 

CONTAMINATED SKIN AREA, WHEREIN AT LEAST ONE OF 
AN ACTIVE LAYER AND CARRIER LAYER ARE 

PERMEABLE TO HEAT RADIATION. 

1308 / 
STIMULATE PRODUCTION OF SWEAT IN THE 

CONTAMINATED SKIN AREA, WHEREIN AT LEAST ONE OF 
AN ACTIVE LAYER AND CARRIER LAYER ARE HEAT 

CONDUCTING. 

r1310 
STIMULATE PRODUCTION OF SWEAT IN THE 

7 CONTAMINATED SKIN AREA, WHEREIN AN ACTIVE LAYER V 

COMPRISES A SWEAT PROMOTING AGENT. 
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TEXTILE COMPOSITE MATERIAL FOR 
DECONTAMINATING THE SKIN 

CROSS-REFERENCE 

[0001] This application claims priority from Provisional 
Patent Application Ser. No. 61/236,633 ?led Aug. 25, 2009. 

BACKGROUND 

[0002] Previously, a decontamination of the skin after con 
tact With hazardous substances released by chemical and 
reactor accidents, for example, is carried out mainly by inten 
sive Washing using different detergents and solvents. HoW 
ever, this Way of proceeding has the disadvantage that it is 
hardly possible or not possible at all to extract particles of 
noxious substances Which have already penetrated the hair 
follicles or the upper skin cell layer, i.e. the upper comeocytes 
of the stratum comeum, Which constitute a long-term reser 
voir for topically applied substances. Furthermore, in case of 
a decontamination, the noxious substances Which are to be 
removed from the skin surface are partially rubbed in the hair 
follicles and the skin furrows by an intensive Washing. In this 
Way, the long-term effect of the noxious substances in the skin 
may even be increased. Additionally, e?icient methods for 
skin decontamination may be not only important in the case of 
industrial or research accidents, but also in relation to terrorist 
attacks. Accordingly, there is a need to provide a material and 
method for decontaminating the skin Which permits an effec 
tive removal of noxious substances from the skin surface 
Without Washing. 
[0003] DE-A 102005054698 discloses a nano?ber non 
Woven ?nished With a superabsorbent, the nano?ber non 
Woven being used for the absorption and/or the sloW release 
of different ?uids, in particular of body liquids. 
[0004] NonWovens made of textile ?bers having a diameter 
of less than 10 um, preferably of less than 1 pm, are de?ned as 
“nano?ber nonWovens”. Nano?ber nonWovens are knoWn for 
example from Us. Pat. No. 4,043,331 and from International 
Patent Application W0 01/ 27365. These documents also dis 
close methods for the manufacturing of these nonWovens, and 
are incorporated herein by reference. 
[0005] The term “superabsorbent” denotes polymer mate 
rials Which can absorb Water or other ?uids up to a thousand 
times their mass, Whereby sWelling to form a gel. Superab 
sorbents and methods of their manufacture are generally 
knoWn from Ullmanns Encyclopedia oflnduslrial Chemistry, 
6th Ed., Vol. 35, pp. 73 ff., 2003. DE-A 102005054698 
describes super?cially post-cured superabsorbents Which 
have a more strongly post-cured shell and a less strongly 
postcured core Which serves to absorb ?uids. Compared to 
superabsorbents that are not post-cured, superabsorbents 
having such a structure shoW a smaller “gel blocking” effect. 
This effect is caused by a clogging of sWollen superabsorbent 
particles or superabsorbent particles Which have started to 
sWell, and has a negative impact on the absorbency and the 
retention ability of the superabsorbent. 
[0006] Accordingly, the use of a nano?ber nonWoven in a 
textile composite material, Wherein the nano?ber nonWoven 
is ?lled With a superabsorbent, Would alloW for the decon 
taminating of the skin from noxious substances Without 
Washing. 

SUMMARY 

[0007] The folloWing presents a simpli?ed summary in 
order to provide a basic understanding of some aspects of the 
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disclosed innovation. This summary is not an extensive over 
vieW, and it is not intended to identify key/critical elements or 
to delineate the scope thereof. Its sole purpose is to present 
some concepts in a simpli?ed form as a prelude to the more 
detailed description that is presented later. 
[0008] The subject matter disclosed and claimed herein, in 
one aspect thereof, comprises the use of a nano?ber non 
Woven in a textile composite material for decontaminating of 
skin from noxious substances Without a Washing procedure, 
Wherein the nano?ber nonWoven is ?lled With a superabsor 
bent for absorbing and retaining the noxious substances from 
the skin. 
[0009] In a preferred embodiment, the textile composite 
material comprises an active layer comprised of the nano?ber 
nonWoven and the superabsorbent. Preferably, the active 
layer is comprised of at least one cover layer Which is formed 
from a nano?ber nonWoven Without a superabsorbent, and a 
base layer comprising the nano?ber nonWoven ?lled With the 
superabsorbent. 
[0010] In another embodiment, the active layer has a sand 
Wich structure comprising a top and bottom cover layer 
formed from a nano?ber nonWoven Without a superabsor 
bent, and a base layer comprising the nano?ber nonWoven 
?lled With the superabsorbent, the base layer being arranged 
betWeen said top and bottom cover layer. The cover layers 
help to prevent the superabsorbent from bleeding out of the 
base layer, and provide a softer feel to the textile composite 
material. 
[0011] In order to form the active layer, the superabsorbent 
may be dusted on the nano?ber nonWoven and mechanically 
held in the nano?ber structure. Alternatively, the superab sor 
bent can be applied to the nano?bers during the spinning 
process, or can be added to the polymer solution before spin 
ning. 
[0012] In a further aspect of the invention, the nano?ber 
nonWoven may be used in the manufacture of the textile 
composite material for decontaminating of skin Wherein the 
composite material further comprises a ?exible carrier layer 
connected to the active layer. 
[0013] In another embodiment, a textile composite material 
for decontaminating of skin comprises a ?exible carrier layer 
and an active layer connected to said carrier layer, Wherein the 
active layer comprises a nano?ber nonWoven ?lled With a 
superabsorbent for absorbing and retaining noxious sub 
stances from the skin. 
[0014] Within the context of a decontamination of the skin, 
the textile composite material is applied to the skin areas 
contaminated by particles of noxious sub stances such that the 
active layer comes in contact With the concerned parts of the 
skin. The carrier layer may be used for the shaping and, oWing 
to its ?exibility, for the optimum shape adaptation of the 
composite material to the skin surface. 
[0015] The nano?ber nonWoven contained in the active 
layer and ?nished With a superabsorbent is particularly absor 
bent due to the high capillarity in the nonWoven, and absorbs 
the noxious substances, that have to be removed, according to 
the existing concentration gradient betWeen the skin surface 
and the nonWoven material. The noxious substances can then 
be effectively stored and retained by the superabsorbent. 
After an appropriate decontamination time of preferably 
about 30 seconds to 30 minutes, more preferably about 1 to 5 
minutes, depending on the nature of the noxious substance, 
the textile composite material including the absorbed noxious 
substances can be removed again from the skin. 
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[0016] Since this type of decontamination of the skin is 
solely based on the absorbing effect of the nano?ber non 
Woven ?nished With a superabsorbent, a rubbing of the nox 
ious substances into the hair follicles and the skin furrows is 
avoided, and the noxious substance particles are thus pre 
vented from further entering the hair follicles or the upper cell 
layer of the corneocytes. The risk of a long-term effect of the 
noxious substances in the skin is therefore reliably excluded. 

[0017] According to a preferred embodiment of the inven 
tion, at least one of the carrier layer and the active layer are 
designed to stimulate the production of sWeat by the skin. An 
increased production of sWeat by the parts of the skin covered 
by the active layer or carrier layer increases the decontami 
nating effect of the textile composite material. The sWeat 
?ushes out the noxious sub stances having already penetrated 
the hair follicles and the upper cell layer of the corneocytes. 
The sWeat, along With these noxious substances and the par 
ticles of noxious substances still present on the skin surface, 
is then absorbed by the superabsorbent in the nano?ber non 
Woven and retained therein. 

[0018] In a speci?c embodiment, the textile composite 
material has a carrier layer that is impermeable to Water vapor. 
The carrier layer Which is impermeable to Water vapor closes 
the active layer lying on the contaminated skin surface in a 
damp-tight manner and thus stimulates the production of 
sWeat in the enclosed skin area. The skin surface cannot 
release the sWeat produced there to the environment by 
evaporation. Rather, the sWeat, along With the noxious sub 
stances ?ushed out, is absorbed by the nano?ber nonWoven 
and retained in the superabsorbent. 

[0019] According to a further embodiment, at least one of 
the active layer and the carrier layer are con?gured to be 
permeable to heat radiation. The skin areas concerned Which 
are covered by the textile composite material can then be 
purposefully heated using heat radiators, for example, or a 
chemical reaction producing heat. A quick and controlled 
stimulation of the production of sWeat in the contaminated 
skin area is thereby obtained. The heat transfer betWeen the 
active layer and the skin surface may take place by heat 
conduction. It is preferable that both the carrier layer and the 
active layer are permeable to heat radiation. 

[0020] According to another embodiment, the carrier layer 
and/or the active layer of the textile composite material is 
con?gured so as to be heat conducting. It is, for example, 
possible to insert metallic ?bers or metallic ?laments into the 
carrier layer and/or the active layer, or provide the active layer 
With a metallic coating. As in the embodiment described 
above, the skin areas concerned can be purposefully heated 
using appropriate heating sources such as, e.g., an electrical 
heating element, and the production of sWeat can therefore be 
stimulated. 

[0021] In still another embodiment, the active layer may 
contain an agent promoting the production of sWeat, for 
example by applying a sWeat promoting agent onto the sur 
face of the active layer that faces the skin. The textile com 
posite material then acts like a transdermal system, the agent 
being absorbed by the skin ?rst and stimulating the produc 
tion of sWeat. In contrast to transdermal systems, the sWeat 
promoting agent does not require a long-term effect since the 
production of sWeat is to be locally restricted and is intended 
to occur only for the duration of the decontamination. The 
sWeat produced in the contaminated skin area, along With the 
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noxious substances, ?ushed out and the excessive agent, is 
then absorbed by the nano?ber nonWoven and retained in the 
superabsorbent. 
[0022] The embodiments described above canbe combined 
With each other in any Way. The carrier layer can be at the 
same time impermeable to Water vapor and heat conducting 
or permeable to heat radiation, and/or the active layer can 
contain an agent promoting the production of sWeat. Further 
combinations are also conceivable and considered to be 
Within the scope of the invention. 
[0023] The carrier layer and the active layer can be formed 
integrally With each other. For example, the carrier layer can 
be a Woven fabric, and the nano?bers of the active layer can be 
?rmly spun onto and With the Woven fabric ?laments of the 
carrier layer. Preferably, the carrier layer and the active layer 
are bonded to each other. The layers can then be produced 
separately, so as to have the respective desired properties, and 
then bonded to each other by chemical, thermal or physical 
bonding as is generally knoWn in the art. 
[0024] According to a preferred embodiment, the carrier 
layer is elastic, alloWing for optimum adaptation of the textile 
composite material to the skin. If the carrier layer is elastic, 
then the textile composite material can be adapted to the 
shape of the skin surface by contraction and/ or expansion. 
[0025] In another embodiment, the carrier layer is con?g 
ured so as not to be expandable. During the absorption of 
noxious substances ?ushed out by the sWeat, the superabsor 
bent contained in the active layer sWells as a result of Which 
the volume of the active layer increases. Since the carrier 
layer Which is arranged on the side of the active layer that 
faces aWay from the skin, cannot expand, this increase in 
volume results in that the contact betWeen the active layer and 
the skin surface is intensi?ed and the active layer rests more 
?rmly on the skin area concerned, and thus further increases 
the effectiveness of the decontamination. 
[0026] According to a further embodiment, an adhesive 
layer is provided on the surface of the composite material that 
faces the skin to fasten the textile composite material to the 
skin. In this embodiment, the carrier layer preferably has a 
planar surface area Which is larger than a planar surface area 
of the active layer so that the carrier layer overlaps the active 
layer thereby encircling the rim of the active layer. The over 
lapping edge part of the carrier layer is provided With the 
adhesive layer for connecting the compo site material With the 
skin. 
[0027] In addition, the surface of the active layer that faces 
aWay from the carrier layer, ie the skin-side surface, can be 
provided With an adhesive layer. This leads to an even better 
contact of the active layer With the skin Which in turn leads to 
an improvement of the decontaminating effect. 
[0028] Furthermore, the adhesive layer applied to the active 
layer can be designed to remove the upper cell layer of the 
corneocytes from the skin. When removing the textile com 
posite system from the skin area to be decontaminated, the 
upper cell layer of the corneocytes, along With the noxious 
substance particles having already entered the latter, is thus 
extracted in a non-invasive Way, and the proportion of the 
removed noxious substances is thus again increased. 
[0029] According to a speci?c embodiment, the composite 
textile material comprises the ?exible carrier layer, and a ?rst 
and second active layer, Wherein the ?rst active layer is pro 
vided With a metal coating. The nano?ber nonWoven consti 
tuting the ?rst active layer is produced to form peaks and 
valleys. The valleys of the ?rst active layer is ?lled With the 
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second active layer. At least the second active layer is com 
posed of the nano?ber nonWoven ?lled With superabsorbent. 
Preferably, both of the ?rst and second active layer include the 
superabsorbent. The adhesive layer is provided on the metal 
lic coating, or on the rim portion of the carrier layer, as 
described above. 
[0030] The active layer may also comprise a color indicator 
to indicate the production of sWeat. Owing to this addition, 
the optimum time to remove the material from the skin can be 
indicated to the user of the textile composite material. The 
colors of the color indicator change if the nano?ber non 
Woven has absorbed an amount of sWeat that is su?icient for 
decontaminating and/or the capacity of the superabsorbent to 
absorb liquid has been exhausted. The color indicator may be 
combined With the superabsorbent and incorporated into the 
active layer, for example by adding the combined superab 
sorbent and color indicator to the polymer melt or solution 
before spinning of the nano?ber nonWoven. 
[0031] Preferably, the textile composite material can be 
con?gured as a cloth, a compress, a dressing or a plaster, also 
as an article of clothing or part of clothing for application on 
larger surfaces. 
[0032] In a preferred embodiment, the polymer particles of 
the superabsorbent are a screening fraction having a particle 
siZe distribution of d50:55-100 um and d100:100-150 um, 
and are not crushed after the super?cial postcure of the shell, 
prior to the incorporation of the superabsorbent into the 
nano?ber nonWoven. 

[0033] The nano?ber nonWovens can be produced through 
melt spinning, electrospinning, or gas jet spinning (NGJ) of 
suitable polymers. It is also contemplated that part of the 
nano?bers in the nonWoven can be replaced by micro?bers. 
[0034] The superabsorbent may be dusted onto a sheet of 
the nano?ber nonWoven and mechanically integrated into the 
nano?ber structure. This process can be repeated until the 
desired ?lling level of superabsorbent is achieved. Alterna 
tively, the superabsorbent can be applied to the nano?bers 
during the spinning process When the ?ber dries and solidi 
?es. Most preferably, the superabsorbent is homogeneously 
dispersed in a polymer solution Which is then subjected to 
spinning into a nano?ber nonWoven including the superab 
sorbent embedded in the ?ber structure. 
[0035] In vieW of the intended use of the textile composite 
material for decontaminating the skin, the nano?ber non 
Woven preferably has at least one or more of the folloWing 
physical properties: 

[0036] a) A ?ber diameter of betWeen 0.001 um and 10 
um, preferably betWeen 0.1 pm and 1.5 pm, and most 
preferably betWeen 300 nm and 900 nm; 

[0037] b) An average pore siZe of betWeen 0.01 pm to 
500 um, preferably less than 250 um, more preferably 
less than 100 um; 

[0038] c) A porosity, that is a percentage of the total 
volume of the nonWoven Which is free space, of betWeen 
40% and 90%, preferably betWeen 70% and 90%; 

[0039] d) A thickness of the active layer of betWeen 0.1 
mm to 2 mm; 

[0040] e) A density ofbetWeen 0.8 to 1.5 g/cm3; 
[0041] f)Amass per unit area ofbetWeen 50 to 500 g/m2, 

preferably betWeen 50 and 400 g/m2, more preferably of 
betWeen 150 to 250 g/m2; 

[0042] g) A breaking force and elongation (strip 
method), according to EDANA standard WSP 110.4 
(05), of1.5-2 MPa and 485 to 500%; 
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[0043] h) An absorbency (tb) in saline (0.9% NaCl in 
Water, 30 min), as measured in the teabag test in accor 
dance With EDANA standard test WSP 240.2 (05), of 
betWeen about 8 g/g and 10 g/ g; 

[0044] i) A retention capacity (CRC) for saline (0.9% 
NaCl in Water, 30 min), as measured in accordance With 
EDANA standard test WSP 241.2 (05), of betWeen about 
6 g/g to 8 g/ g. 

[0045] Further, the active layer composed of the nano?ber 
nonWoven ?lled With the superabsorbent preferably has at 
least one or more of the folloWing properties: 

[0046] j) A ?lling level of superabsorbent (SAP), that is 
calculated as Weight by Weight of dry material, of 
betWeen about 10 and 80%, preferably betWeen about 40 
and 80%, and most preferably betWeen about 50 to 70%; 

[0047] k) An absorbency (tb) in saline (0.9% NaCl in 
Water, 30 min), as measured in the teabag test in accor 
dance With EDANA standard test WSP 240.2 (05) of 
betWeen 20 g/g and 50 g/g, preferably betWeen 25 g/g 
and 31 g/ g, at an SAP ?lling level of 50%, and betWeen 
about 38 g/g and 45 g/g at an SAP ?lling level of 75%; 

[0048] l) A retention capacity (CRC) for saline (0.9% 
NaCl in Water, 30 min), as measured in the centrifuge 
test according to EDANA standard test WSP 241.2 (05), 
of betWeen 14 g/ g and 40 g/ g, preferably betWeen 20 g/ g 
and 35 g/g for SAP ?lling levels of betWeen 50% and 
75%; and 

[0049] m)A contact angle as measured at 220 C. and 55% 
relative humidity (Fibro DATTM of Rycobel, Belgium) 
ofbetWeen110o and 125°. 

[0050] To the accomplishment of the foregoing and related 
ends, certain illustrative aspects of the disclosed innovation 
are described herein in connection With the folloWing descrip 
tion and the annexed draWings. These aspects are indicative, 
hoWever, of but a feW of the various Ways in Which the 
principles disclosed herein can be employed and is intended 
to include all such aspects and their equivalents. Other advan 
tages and novel features Will become apparent from the fol 
loWing detailed description When considered in conjunction 
With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 illustrates a schematic cross-sectional vieW 
of the textile composite material in accordance With prin 
ciples of the present invention; 
[0052] FIG. 2 illustrates a schematic cross-sectional vieW 
of another embodiment of the textile composite material in 
accordance With principles of the present invention, and 
[0053] FIG. 3 illustrates a schematic vieW of the bottom 
surface of a further embodiment of the textile composite 
material in accordance With principles of the present inven 
tion. 
[0054] FIG. 4 illustrates a schematic cross sectional vieW of 
a further embodiment of the textile composite material in 
accordance With principles of the present invention. 
[0055] FIG. 5 illustrates a bottom vieW of the embodiment 
of FIG. 4 in accordance With principles of the present inven 
tion. 
[0056] FIG. 6 is a graph illustrating the penetration pro?le 
of a model substance into the skin obtained by tape stripping 
in accordance With principles of the present invention. 
[0057] FIG. 7 is a graph illustrating the distribution of the 
model substance in the stratum comeum after Washing in 
accordance With principles of the present invention. 
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[0058] FIG. 8 is a graph illustrating the distribution of the 
model substance in the stratum comeum after decontamina 
tion With a textile composite material composed of nano?ber 
nonWoven ?lled With superabsorbent in accordance With 
principles of the present invention. 
[0059] FIG. 9 illustrates a laser scanning microscope 
(LSM) image of the distribution of a ?uorescent dye on the 
skin after application and penetration in accordance With 
principles of the present invention. 
[0060] FIGS. 10a-b illustrate an LSM image of the distri 
bution of the ?uorescent dye after Washing in accordance With 
principles of the present invention. 
[0061] FIGS. 11a-c illustrate an LSM image of the distri 
bution of the ?uorescent dye after decontamination With the 
textile composite material in accordance With principles of 
the present invention. 
[0062] FIG. 12 is a ?oW chart illustrating the method of 
decontaminating human skin from noxious substances in 
accordance With principles of the present invention. 
[0063] FIG. 13 is a ?oW chart illustrating further steps in the 
method of decontaminating human skin from noxious sub 
stances in accordance With principles of the present invention. 

DETAILED DESCRIPTION 

[0064] The innovation is noW described With reference to 
the draWings, Wherein like reference numerals are used to 
refer to like elements throughout. In the folloWing descrip 
tion, for purposes of explanation, numerous speci?c details 
are set forth in order to provide a thorough understanding 
thereof. It may be evident, hoWever, that the innovation can be 
practiced Without these speci?c details. In other instances, 
Well-knoWn structures and devices are shoWn in block dia 
gram form in order to facilitate a description thereof. 
[0065] Typically, a decontamination of the skin after con 
tact With noxious substances by intensive Washing using dif 
ferent detergents and solvents, does not extract particles of 
noxious substances Which have already penetrated the hair 
follicles or the upper skin cell layer, ie the upper comeocytes 
of the stratum comeum, Which constitute a long-term reser 
voir for topically applied substances. Usually, hair follicles 
act as a long term reservoir for topically applied substances 
providing signi?cantly increased storage times in comparison 
to the stratum comeum. Additionally, the hair follicles con 
tain or are surrounded by several important target structures, 
such as blood capillaries, stem and dendritic cells. Here, 
haZardous substances can exhibit strong destructive activi 
ties. Furthermore, in case of a decontamination, the noxious 
substances Which are to be removed from the skin surface are 
partially rubbed in the hair follicles and the skin furroWs by an 
intensive Washing. In this Way, the long-term effect of the 
noxious substances in the skin may even be increased. Thus, 
a material for decontaminating the skin Which permits an 
effective removal of noxious substances from the skin surface 
must not utiliZe Washing. 
[0066] Accordingly, the absorbent textile composite mate 
rial disclosed does not utiliZe Washing to decontaminate the 
skin. The textile composite material comprises a carrier layer 
and an active layer connected to the carrier layer. The active 
layer comprises a nano?ber nonWoven ?lled With a superab 
sorbent to absorb and retain noxious sub stances from the skin. 
The advantage of decontamination With the absorbent textile 
composite materials is that it can be carried out immediately 
Without the utiliZation of Water, Which is not alWays available 
at the required time. E?icient methods for skin decontamina 
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tion may be not only important in the case of industrial or 
research accidents, but also in relation to terrorist attacks. 
[0067] Referring initially to the draWings, FIG. 1 illustrates 
an absorbent textile composite material 12. The absorbent 
textile composite material 12 comprises a carrier layer 10, an 
active layer 20, an adhesive layer 30 and a protective layer 40. 
The carrier layer 10 may be a ?lm or a textile Web, and is 
preferably made of polymers selected from the group com 
prising polypropylene, polyurethane, polycaprolactone, 
nylon, polyimide, polyvinyl alcohol, polyvinylamine, poly 
ester including polyethylene terephthalate, polyacrylonitrile, 
polyethylene oxide and copolymers thereof. More preferably, 
the carrier layer 10 is hydrophobic and made of a material 
impermeable to Water vapor, preferably polyethylene tereph 
thalate (PET) or polypropylene. The carrier layer 10 Which is 
impermeable to Water vapor closes the active layer 20 lying 
on the contaminated skin surface in a damp-tight manner and 
thus stimulates the production of sWeat in the enclosed skin 
area. The skin surface cannot release the sWeat produced there 
to the environment by evaporation. Rather, the sWeat, along 
With the noxious substances ?ushed out, is absorbed by a 
nano?ber nonWoven and retained in a superab sorbent. Alter 
natively, the carrier layer 10 may include a coating and/or an 
intermediate layer impermeable to Water vapor. 
[0068] In addition, at least one of the carrier layer 10 or the 
active layer 20 can be con?gured so as to be permeable to heat 
radiation and/or heat conducting. The skin areas concerned 
Which are covered by the textile composite material 12 can 
then be purposefully heated using heat radiators, for example, 
or a chemical reaction producing heat. A quick and controlled 
stimulation of the production of sWeat in the contaminated 
skin area is thereby obtained. The heat transfer betWeen the 
carrier layer 10 and the skin surface may take place by heat 
conduction. It is preferable that both the carrier layer 10 and 
the active layer 20 are permeable to heat radiation. 
[0069] Further, at least one of the carrier layer 10 or the 
active layer 20 of the textile composite material 12 can be 
con?gured to be heat conducting. It is, for example, possible 
to insert metallic ?bers or metallic ?laments into the carrier 
layer 10 and/or the active layer 20, or provide the active layer 
20 With a metallic coating. As in the embodiment described 
above, the skin areas concerned can be purposefully heated 
using appropriate heating sources such as, e.g., an electrical 
heating element, and the production of sWeat can therefore be 
stimulated. The active layer 20 may also comprise a color 
indicator to indicate the production of sWeat. OWing to this 
addition, the optimum time to remove the material from the 
skin can be indicated to the user of the textile composite 
material 12. Color indicators appropriate for this use are for 
example: Cobalt (II) chloride, quiniZarin poWder, pentam 
ethoxy red, methyl yelloW, phenolphthalein, thymolphtha 
lein, p-naphtolbenZein, 4-nitrophenol, 3-nhrophenol, 
o-cresolphthalein, m-cresol red, thymol blue, m-cresol 
purple, or mixtures thereof, the colors of Which change if the 
nano?ber nonWoven has absorbed an amount of sWeat that is 
suf?cient for decontaminating and/ or the capacity of the 
superabsorbent to absorb liquid has been exhausted. The 
color indicator may be combined With the superabsorbent and 
incorporated into the active layer 20, for example by adding 
the combined superabsorbent and color indicator to the poly 
mer melt or solution before spinning of the nano?ber non 
Woven. 

[0070] The embodiments described above canbe combined 
With each other in any Way. The carrier layer 10 can be at the 
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same time impermeable to Water vapor and heat conducting 
or permeable to heat radiation, and/or the active layer 20 can 
contain an agent promoting the production of sWeat. Further 
combinations are also conceivable and considered to be 
Within the scope of the invention. 
[0071] The carrier layer 10 and the active layer 20 can be 
formed integrally With each other. For example, the carrier 
layer 10 can be a Woven fabric, and the nano?bers of the 
active layer 20 can be ?rmly spun onto and With the Woven 
fabric ?laments of the carrier layer 10. Preferably, the carrier 
layer 10 and the active layer 20 are bonded to each other. The 
layers can then be produced separately, so as to have the 
respective desired properties, and then bonded to each other 
by chemical, thermal or physical bonding as is generally 
knoWn in the art. 

[0072] Further, in a preferred embodiment, the carrier layer 
10 is elastic, alloWing for optimum adaptation of the textile 
composite material 12 to the skin. If the carrier layer 10 is 
elastic, then the textile composite material 12 can be adapted 
to the shape of the skin surface by contraction and/or expan 
sion. 
[0073] In another embodiment, the carrier layer 10 is con 
?gured to not be expandable. During the absorption of nox 
ious substances ?ushed out by the sWeat, the superabsorbent 
contained in the active layer 20 sWells as a result of Which the 
volume of the active layer 20 increases. Since the carrier layer 
10 Which is arranged on the side of the active layer 20 that 
faces aWay from the skin, cannot expand, this increase in 
volume results in that the contact betWeen the active layer 20 
and the skin surface is intensi?ed and the active layer 20 rests 
more ?rmly on the skin area concerned, and thus further 
increases the effectiveness of the decontamination. 

[0074] Additionally, the active layer 20 of the absorbent 
textile composite material 12 comprises a nano?ber non 
Woven ?nished With a superabsorbent. The superabsorbent 
preferably comprises completely or mainly of polymer par 
ticles Which have a skin-core structure, that is a core sWelling 
in the presence of Water and a super?cially post-cured shell, 
and thus has a loW “gel blocking” effect. The polymer par 
ticles are preferably a screening fraction of such polymer 
particles that have not been crushed after the super?cial post 
cure of the shell, prior to incorporation in the active layer 20. 
The polymer particles preferably have a particle siZe distri 
bution of d50:55-100 um and d100I100-150 um and com 
prise (meth)acrylate or (meth)acrylate copolymer, in particu 
lar sodium polyacrylate. That is, preferably 50% of the 
particles have a particle siZe of maximum 55-100 um, and 
100% of the particles have a particle siZe of maximum 100 
150 um. Further, the superabsorbent may be selected from 
starch graft polymers such as WaterlockTM, biodegradable 
superabsorbents, activated carbon, clay, aluminum oxide, 
ionic exchange resins or polyacrylates. The nano?ber non 
Woven of the active layer 20 ?nished With the superabsorbent 
is made of super?ne ?bers or super?ne ?laments having a 
diameter of less than 10 um, preferably of less than 1 pm, 
more preferably of betWeen about 300 nm and about 900 nm 
and is most preferably comprised of electrostatically spun 
nano?bers. The nano?ber nonWoven preferably comprises 
?bers or ?laments formed from a thermoplastic, hydrophilic 
or hydrophiliZed polymer. Most preferably, the nano?ber 
nonWoven is formed from polyurethane. 

[0075] The nano?ber nonWovens can be produced through 
melt spinning, electrospinning, or gas jet spinning (NGJ) of 
suitable polymers. It is also contemplated that part of the 
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nano?bers in the nonWoven can be replaced by micro?bers. 
Materials for producing the nano?ber nonWovens comprise 
thermoplastic polymers selected from the group comprising 
polyurethane, polyamides, polyesters, polyacrylonitrile, 
polyvinyl alcohol, poly vinylpyrrolidone, poly ethyleneox 
ide, cellulose acetate, poly(ethylenimine), poly(caprolac 
tone) and poly(2-hydroxymethacrylate), as Well as mixtures 
thereof. Polyurethane is particularly preferred. 
[0076] In order to form the active layer 20, the superabsor 
bent may be dusted onto a sheet of the electrostatically spun 
nano?ber nonWoven and mechanically integrated into the 
nano?ber structure. Most preferably, the superabsorbent is 
homogeneously dispersed in a polymer solution Which is then 
subjected to electrostatically spinning into a nano?ber non 
Woven including the superabsorbent embedded in the ?ber 
structure. 

[0077] The nano?ber nonWoven contained in the active 
layer 20 and ?nished With a superabsorbent is particularly 
absorbent due to the high capillarity in the nonWoven, and 
absorbs the noxious substances, that have to be removed, 
according to the existing concentration gradient betWeen the 
skin surface and the nonWoven material. The noxious sub 
stances can then be effectively stored and retained by the 
superabsorbent. After an appropriate decontamination time 
of preferably about 30 seconds to 30 minutes, more prefer 
ably about 1 to 5 minutes, depending on the nature of the 
noxious substance, the textile composite material 12 includ 
ing the absorbed noxious substances can be removed again 
from the skin. 
[0078] Since this type of decontamination of the skin is 
solely based on the absorbing effect of the nano?ber non 
Woven ?nished With a superabsorbent, a rubbing of the nox 
ious substances into the hair follicles and the skin furroWs is 
avoided, and the noxious substance particles are thus pre 
vented from further entering the hair follicles or the upper cell 
layer of the corneocytes. The risk of a long-term effect of the 
noxious substances in the skin is therefore reliably excluded. 
[0079] Furthermore, the adhesive layer 30 is provided on 
the surface of the composite material 12 that faces the skin to 
connect the composite material 12 With the skin and prefer 
ably comprises a skin-friendly adhesive, particularly prefer 
ably an acrylate adhesive. The addition of the adhesive layer 
30 leads to an even better contact of the active layer 20 With 
the skin Which in turn leads to an improvement of the decon 
taminating effect. 
[0080] The protective layer 40 is optional and is removed 
before applying the textile composite system 12 to the skin. 
Furthermore, the textile composite material 12 can be con 
?gured as a cloth, a compress, a dressing or a plaster, also as 
an article of clothing or part of clothing for application on 
larger surfaces. 
[0081] In vieW of the intended use of the textile composite 
material for decontaminating the skin, the nano?ber non 
Woven preferably has at least one or more of the folloWing 
physical properties: 

[0082] a) A ?ber diameter of betWeen 0.001 um and 10 
um, preferably betWeen 0.1 pm and 1.5 pm, and most 
preferably betWeen 300 nm and 900 nm; 

[0083] b) An average pore siZe of betWeen 0.01 pm to 
500 um, preferably less than 250 pm, more preferably 
less than 100 um; 

[0084] c) A porosity, that is a percentage of the total 
volume of the nonWoven Which is free space, of betWeen 
40% and 90%, preferably betWeen 70% and 90%; 



US 2011/0054429 A1 

[0085] d) A thickness of the active layer of betWeen 0.1 
mm to 2 mm; 

[0086] e) A density ofbetWeen 0.8 to 1.5 g/cm3; 
[0087] f) A mass per unit area ofbetWeen 50 to 500 g/m2, 

preferably betWeen 50 and 400 g/m2, more preferably of 
betWeen 150 to 250 g/m2; 

[0088] g) A breaking force and elongation (strip 
method), according to EDANA standard WSP 110.4 
(05), of1.5-2 MPa and 485 to 500%; 

[0089] h) An absorbency (tb) in saline (0.9% NaCl in 
Water, 30 min), as measured in the teabag test in accor 
dance With EDANA standard test WSP 240.2 (05), of 
betWeen about 8 g/ g and 10 g/g; 

[0090] i) A retention capacity (CRC) for saline (0.9% 
NaCl in Water, 30 min), as measured in accordance With 
EDANA standard test WSP 241.2 (05), of betWeen about 
6 g/g to 8 g/ g. 

[0091] Further, the active layer composed of the nano?ber 
nonWoven ?lled With the superabsorbent preferably has at 
least one or more of the folloWing properties: 

[0092] j) A ?lling level of superabsorbent (SAP), that is 
calculated as Weight by Weight of dry material, of 
betWeen about 10 and 80%, preferably betWeen about 40 
and 80%, and most preferably betWeen about 50 to 70%; 

[0093] k) An absorbency (tb) in saline (0.9% NaCl in 
Water, 30 min), as measured in the teabag test in accor 
dance With EDANA standard test WSP 240.2 (05) of 
betWeen 20 g/ g and 50 g/ g, preferably betWeen 25 g/ g 
and 31 g/ g, at an SAP ?lling level of 50%, and betWeen 
about 38 g/g and 45 g/ g at an SAP ?lling level of 75%; 

[0094] l) A retention capacity (CRC) for saline (0.9% 
NaCl in Water, 30 min), as measured in the centrifuge 
test according to EDANA standard test WSP 241.2 (05), 
of betWeen 14 g/ g and 40 g/ g, preferably betWeen 20 g/ g 
and 35 g/g for SAP ?lling levels of betWeen 50% and 
75%; and 

[0095] m)A contact angle as measured at 220 C. and 55% 
relative humidity (Fibro DATTM of Rycobel, Belgium) 
ofbetWeen 1100 and 125°. 

[0096] According to the embodiment shoWn in FIG. 2, a 
barrier layer 14 impermeable to Water vapor is provided in 
addition to the layers already illustrated in FIG. 1. The barrier 
layer 14 is intended to occlude the contaminated skin area and 
stimulate the production of sWeat. In the embodiment of FIG. 
2, the barrier layer 14 is formed from a material impermeable 
to Water vapor, preferably polypropylene or PET. For an 
additional stimulation of the production of sWeat, the barrier 
layer 14 and the carrier layer 10 can be con?gured so as to be 
permeable to heat radiation or to be heat conducting. An 
increased production of sWeat by the parts of the skin covered 
by the barrier layer 14 or carrier layer 10 increases the decon 
taminating effect of the textile composite material 12. The 
sWeat ?ushes out the noxious substances having already pen 
etrated the hair follicles and the upper cell layer of the cor 
neocytes. The sWeat, along With these noxious substances and 
the particles of noxious substances still present on the skin 
surface, is then absorbed by the superabsorbent in the nano? 
ber nonWoven and retained therein. 
[0097] At least one of the barrier layer 14 and the carrier 
layer 10 are con?gured to be permeable to heat radiation. The 
skin areas concerned Which are covered by the textile com 
posite material 12 can then be purposefully heated using heat 
radiators, for example, or a chemical reaction producing heat. 
A quick and controlled stimulation of the production of sWeat 
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in the contaminated skin area is thereby obtained. The heat 
transfer betWeen the barrier layer 14 and the skin surface may 
take place by heat conduction. It is preferable that both the 
barrier layer 14 and the carrier layer 10 are permeable to heat 
radiation. 
[0098] Further, the carrier layer 10 and/or the barrier layer 
14 of the textile composite material 12 can be con?gured to be 
heat conducting. It is, for example, possible to insert metallic 
?bers or metallic ?laments into the carrier layer 10 and/or the 
barrier layer 14, or provide the barrier layer 14 With a metallic 
coating. As in the embodiment described above, the skin areas 
concerned can be purposefully heated using appropriate heat 
ing sources such as, e.g., an electrical heating element, and 
the production of sWeat can therefore be stimulated. 

[0099] In still another embodiment, the barrier layer 14 
may contain an agent promoting the production of sWeat, for 
example by applying a sWeat promoting agent onto the sur 
face of the barrier layer 14 that faces the skin. The textile 
composite material 12 then acts like a transderrnal system, the 
agent being absorbed by the skin ?rst and stimulating the 
production of sWeat. In contrast to transderrnal systems, the 
sWeat promoting agent does not require a long-term effect 
since the production of sWeat is to be locally restricted and is 
intended to occur only for the duration of the decontamina 
tion. The sWeat produced in the contaminated skin area, along 
With the noxious substances, is ?ushed out and the excessive 
agent, is then absorbed by the nano?ber nonWoven and 
retained in the superabsorbent. 
[0100] Suitable sWeat producing agents may be methyl 
nicotinate, 2-hydroxyethyl salicylate, methyl salicylate, ethyl 
salicylate, menthol B.P. or agents containing benZene deriva 
tives disclosed for example in JP-A 10114649. 
[0101] The active layer 20 may also comprise a color indi 
cator to indicate the production of sWeat. OWing to this addi 
tion, the optimum time to remove the material from the skin 
can be indicated to the user of the textile composite material 
12. Color indicators appropriate for this use are for example: 
Cobalt (II) chloride, quiniZarin poWder, pentamethoxy red, 
methyl yelloW, phenolphthalein, thymolphthalein, p-naphtol 
benZein, 4-nitrophenol, 3-nitrophenol, o-cresolphthalein, 
m-cresol red, thymol blue, m-cresol purple, or mixtures 
thereof, the colors of Which change if the nano?ber nonWoven 
has absorbed an amount of sWeat that is su?icient for decon 
taminating and/ or the capacity of the superabsorbent to 
absorb liquid has been exhausted. The color indicator may be 
combined With the superabsorbent and incorporated into the 
active layer 20, for example by adding the combined super 
absorbent and color indicator to the polymer melt or solution 
before spinning of the nano?ber nonWoven. 
[0102] The embodiments described above canbe combined 
With each other in any Way. The carrier layer 10 can be at the 
same time impermeable to Water vapor and heat conducting 
or permeable to heat radiation, and/or the barrier layer 14 can 
contain an agent promoting the production of sWeat. Further 
combinations are also conceivable and considered to be 
Within the scope of the invention. 
[0103] Referring to the embodiment shoWn in FIG. 3, the 
textile composite material 12 has a carrier layer 10 having a 
planar surface area Which is larger than a planar surface area 
of the active layer 20 so that the carrier layer 10 overlaps and 
encircles the rim of the active layer 20. The overlapping edge 
of the carrier layer 10 is provided With an adhesive layer 30. 
The adhesive layer 30 is provided on the surface of the com 
posite material 12 that faces the skin to fasten the textile 
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composite material 12 to the skin. This leads to an even better 
contact of the active layer 20 With the skin Which in turn leads 
to an improvement of the decontaminating effect. 
[0104] Furthermore, the adhesive layer 30 applied to the 
active layer 20 can be designed to remove the upper cell layer 
of the comeocytes from the skin. When removing the textile 
composite system 12 from the skin area to be decontami 
nated, the upper cell layer of the corneocytes, along With the 
noxious substance particles having already entered the latter, 
is thus extracted in a non-invasive Way, and the proportion of 
the removed noxious substances is increased. In the embodi 
ment shoWn, the shape of the textile composite material is 
chosen randomly and can of course be con?gured in any Way. 
[0105] A further embodiment is shoWn With reference to 
FIGS. 4 and 5. In this embodiment, the composite textile 
material 22 comprises the ?exible carrier layer 10, and a ?rst 
and second active layer 20, 20', Wherein the ?rst active layer 
20 is provided With a metal coating 50. The nano?ber non 
Woven constituting the ?rst active layer 20 is produced to 
form peaks and valleys. The valleys of the ?rst active layer 20 
are ?lled With the second active layer 20'. At least the second 
active layer 20' is comprised of the nano?ber nonWoven ?lled 
With superabsorbent. Preferably, both of the ?rst and second 
active layer 20, 20' include the superabsorbent. The adhesive 
layer 30 is provided on the metallic coating 50 (as shoWn in 
FIG. 4), or on the edge portion of the carrier layer 10 over 
lapping the rim of the active layers 20, 20', (as shoWn in FIG. 
5). The method for forming the peaks and valleys comprises 
manipulating the ?bers during the spinning process either 
With a vacuum or With grids. The peaks and valleys Were 
created to alloW forboth the absorptive component 20' and the 
heat-conducting component 50 to be in direct contact With the 
skin. The bene?t is that the metallic coating 50, Which acts as 
a heat-conducting component, needs to be in direct contact 
With the skin in order to be conductive. HoWever, if the entire 
surface is coated, then the skin has no direct contact With the 
absorptive layer, and thus Will not have optimal absorption of 
contaminate. By creating the peaks and valleys, you have both 
the absorptive layer 20' in direct contact, as Well as the con 
ductive layer 50. 
[0106] The folloWing is a description of the tests performed 
on volunteers to shoW the capability of the inventive textile 
composite material to effectively decontaminate the human 
skin. 
[0107] Test Materials and Methods 
[0108] A) Textile Composite: 
[0109] The absorbent textile composite used in these tests 
comprises an active layer comprised of a thermoplastic poly 
urethane-based nano?ber nonWoven ?lled With LUQUA 
SORBTM (BASF SE, LudWigshafen, Germany) having a 
skin-core structure and a particle siZe distribution of d50:55 
100 um and d100:100-150 um. Other parameters of the non 
Woven and composite Were as folloWs: 

[0110] A ?ber diameter ofbetWeen 300 nm and 1 um; 
[0111] An pore siZe of betWeen 0.01 pm to 500 pm; 
[0112] A porosity that is a percentage of the total volume of 
the nonWovens, Which is free space, of about 80%; 
[0113] A thickness of the active layer of about 0.5 mm; 
[0114] A mass per unit area of about 230 g/m2; 
[0115] Further, the active layer comprised of the nano?ber 
nonWoven ?lled With the superabsorbent preferably had the 
folloWing properties: 
[0116] A ?lling level of superabsorbent that is calculated as 
Weight by Weight of dry material, of about 50%; 
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[0117] An absorbency (tb) measured in the teabag test in 
accordance With EDANA standard test WSP 240.2 (05) of 
about 28 g/ g (saline, 0.9% NaC in Water, 30 min); 
[0118] A retention capacity (CRC) measured in the centri 
fuge test according to EDANA standard test WSP 241.2 (05), 
of about 24 g/g; and 
[0119] A contact angle as measured at 22° C. and 55% 
relative humidity (Fibro DATTM of Rycobel, Belgium) of 
about 121°. 
[0120] B) Model formulation and skin treatment: 
[0121] A Waterproofed sunscreen containing 3% of the UV 
?lter substance octylmethoxycinnamate Was applied onto the 
skin on the ?exor forearm of 10 healthy volunteers. The 
sunscreen Was chosen as a model formulation because it 

sticks strongly on the skin surface after application. 2 mg/cm2 
of the sunscreen Was applied on selected skin areas at a siZe of 
4x5 cm2 for each area. The application areas Were surrounded 
With a silicon barrier to avoidthe spreading of the formulation 
on the skin surface. After 10 minutes penetration time, the 
penetration of the formulation into the skin Was analyZed by 
the method of tape stripping as described beloW. 
[0122] C) Decontamination: 
[0123] The decontamination Was performed on one skin 
area by Washing for 30 seconds under running Water With 
soap. 
[0124] A second skin area Was used as a control Without 
decontamination. 
[0125] All other skin areas Were decontaminated With the 
absorbent textile composite Which Was pressed onto the skin 
for 1 minute, Without applying a Washing or massage proce 
dure, and ?nally removed. 
[0126] D) Tape Stripping: 
[0127] The tape stripping test is based on the successive 
application and removal of adhesive ?lms (Tesa Film, Beiers 
dorf, Hamburg) from the skin. The removed tape strips com 
prise approximately one cell layer of corneocytes and the 
corresponding part of topically applied substance localiZed 
Within this cell layer. The amount of stratum comeum 
removed With a single tape strip is determined spectroscopi 
cally by determining the pseudo-absorption at 430 nm, Whilst 
the concentration of the penetrated formulation is analyZed 
by the absorption of the UV-?lter substance octylmethoxy 
cinnamate at 310 nm. 

[0128] Ten tape strips Were removed from each skin area. 
The horny layer pro?le of the skin areas Was calculated as 
described by Weigmann et. al., “Determination of the horny 
layer pro?le by tape stripping in combination With optical 
spectroscopy in the visible range as a prerequisite to quantify 
percutaneous absorption” in Skin Pharmacol. Appl. Skin 
Physiol. (1999), vol. 12, pp. 34-45, Which is incorporated by 
reference, Speci?cally, the horny layer pro?le of the skin 
areas Was calculated by adding the pseudo-absorptions of the 
single tape strips removed from the same skin area. The 
penetration pro?le Was determined by relating the amount of 
the penetrated UV ?lter substance to the corresponding tape 
strip in the horny layer pro?le. A typical example is shoWn in 
FIG. 6, Wherein the distance betWeen the horiZontal lines 
corresponds to the amount of stratum corneum removed With 
a single tape strip. The upper horiZontal lines represent the 
skin surface and the loWer horiZontal lines correspond to 
deeper parts of the stratum comeum. 
[0129] The concentration of the UV ?lter octylmethoxycin 
namate in the different samples Was determined by absorp 
tion, using an UV/VIS spectrometer. The UVNIS spectra of 



US 2011/0054429 Al 

the extracts Were measured between 240 and 500 nm. The 
concentration of the UV ?lter substance Was calculated from 
the determined absorption maximum at 310 nm on the basis 
of a calibration curve in ethanol. 

[0130] E) In vivo laser scanning microscopy (LSM): 
[0131] The commercially available in vivo laser scanning 
microscope (StratumTM, Optilas, Melbourne, Australia) Was 
used for the detection of the ?uorescent model substance on 
the skin surface and in the upper layers of the skin. The 
excitation Wavelength of the Argon laser used Was 480 nm. 
The basic station of the LSM Was connected to a handpiece 
With optical ?bers. Optical imaging and focus systems Were 
located Within the handpiece. Skin areas under investigation 
Were siZed at 250x250 umz. 
[0132] The ?uorescence intensity and the distribution of 
the model substance Was determined on all skin areas imme 
diately before and after the decontamination. 
[0133] Results 
[0134] FIG. 6 is a graph illustrating the penetration pro?le 
of a model substance into the skin obtained by tape stripping. 
Speci?cally, FIG. 6 shoWs the typical penetration pro?le of 
the UV ?lter octylmethoxycinnamate, 10 minutes after appli 
cation Without decontamination obtained from skin area A. 
Most of the formulation is located in the ?rst cell layers. The 
UV ?lter substances could be detected up to the 7”’ cell layers 
of corneocytes. About 90% of the topically applied UV ?lter 
can be detected in the ?rst l0 tape strips, 
[0135] FIG. 7 is a graph illustrating the distribution of the 
model substance in the stratum comeum after Washing. Spe 
ci?cally, in FIG. 7, the distribution of the UV ?lter substance 
in the stratum comeum after Washing is demonstrated. The 
results depicted in FIG. 7 shoW that the amount of UV ?lter 
substance in the upper cell layer Was reduced by the Washing 
procedure to about 60%. HoWever, the UV ?lter substance 
could be detected in deeper layers in comparison to the pen 
etration pro?le shoWn in FIG. 6. 
[0136] FIG. 8 is a graph illustrating the distribution of the 
model substance in the stratum comeum after decontamina 
tion With a textile composite material composed of nano?ber 
nonWoven ?lled With superabsorbent. Speci?cally, in FIG. 8, 
the penetration pro?les after decontamination With the absor 
bent textile composite material are presented. In this case, the 
concentration of the octylmethoxycinnamate Was reduced 
strongly in the stratum comeum in comparison to the Washed 
skin area B. Speci?cally, a reduction to about 35% of the 
initial UV ?lter concentration Was found in the case of skin 
decontamination With the textile composite material. A pen 
etration in deeper parts of the stratum comeum as in the case 
of Washing Was not observed. 
[0137] Similar results Were obtained foruse of an absorbent 
textile composite comprising an active layer comprised of the 
nano?ber nonWoven and the superabsorbent, and an absor 
bent textile composite material having a sandWich structure, 
respectively, Wherein the active layer comprises a top and 
bottom cover layer formed from a nano?ber nonWoven With 
out a superabsorbent, and a base layer comprised of the 
nano?ber nonWoven ?lled With superabsorbent and arranged 
betWeen said top and bottom cover layer. 
[0138] Therefore, use of the textile composite material for 
decontaminating the skin resulted in a removal of about 70% 
of the model formulation from the skin. In the case of decon 
tamination With the textile composite, no massage Was 
applied, so that the decontamination procedure does not 
stimulate the penetration into the hair follicles. Usually, hair 
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follicles act as a long term reservoir for topically applied 
substances providing signi?cantly increased storage times in 
comparison to the stratum corneum. Additionally, the hair 
follicles contain or are surrounded by several important target 
structures, such as blood capillaries, stem and dendritic cells. 
Here, haZardous substances can exhibit strong destructive 
activities. The advantage of decontamination With the absor 
bent textile composite materials is that it can be carried out 
immediately Without the utiliZation of Water, Which is not 
alWays available at the required time. Ef?cient methods for 
skin decontamination may be not only important in the case of 
industrial or research accidents, but also in relation to terrorist 
attacks. 
[0139] Typical images of the distribution of the ?uorescent 
model substance on the skin surface by LSM measurements, 
With and Without decontamination, are presented in FIGS. 9 
to 11. Speci?cally, FIG. 9 illustrates an LSM image of the 
distribution of a ?uorescent dye on the skin after application 
and penetration. Without decontamination, a strong ?uores 
cent signal Was detected on the skin surface (FIG. 9). 
[0140] FIGS. 10a-b illustrate an LSM image of the distri 
bution of the ?uorescent dye after Washing. The Washing 
procedure led to a removal of the topically applied substance 
from the skin surface. HoWever, a strong ?uorescent signal 
Was still localiZed in the region of the furroWs and ori?ces of 
the hair follicles (FIGS. 10a, b). 
[0141] FIGS. 11a-c illustrate an LSM image of the distri 
bution of the ?uorescent dye after decontamination With the 
textile composite material. After decontamination With the 
absorbent material, the ?uorescent signal Was markedly 
reduced, both on the skin surface as Well as in the furroWs and 
ori?ces of the hair follicles. HoWever, in FIGS. Ila-b, a loW 
?uorescent signal Was still detectable in the area of the fur 
roWs and ori?ces of the hair follicles (FIG. 1111, b). 
[0142] Furthermore, it Was found that extending the appli 
cation time of the absorbent textile composite beyond 1 
minute did not improve the decontamination effect. HoWever, 
as shoWn in FIG. 110, a repeated application of the absorbent 
material on the same skin area led to an almost complete 
removal of the ?uorescent model sub stance from the furroWs 
and ori?ces of the hair follicles (FIG. 110). 
[0143] FIGS. 12-13 illustrate methodologies of decontami 
nating human skin from noxious substances, according to 
various aspects of the innovation. While, for purposes of 
simplicity of explanation, the one or more methodologies 
shoWn herein (e.g., in the form of a ?oW chart or ?oW dia 
gram) are shoWn and described as a series of acts, it is to be 
understood and appreciated that the subject innovation is not 
limited by the order of acts, as some acts may, in accordance 
thereWith, occur in a different order and/ or concurrently With 
other acts from that shoWn and described herein. For 
example, those skilled in the art Will understand and appre 
ciate that a methodology could alternatively be represented as 
a series of interrelated states or events, such as in a state 
diagram. Moreover, not all illustrated acts may be required to 
implement a methodology in accordance With the innovation. 
[0144] Referring to FIG. 12, a method of decontaminating 
human skin from noxious substances is illustrated. At 1200, a 
textile composite is applied to a contaminated skin area for a 
predetermined period of time. The textile composite is 
applied to the contaminated skin area Without applying a 
Washing procedure or a mas sage procedure. Furthermore, the 
textile composite comprises an active layer comprising a 
nano?ber nonWoven Which comprises a superabsorbent for 
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absorbing and retaining at least one noxious substance. And, 
at 1202 the textile composite is removed from the contami 
nated skin area. 

[0145] Referring to FIG. 13, the method of decontaminat 
ing human skin from noxious substances is further illustrated. 
At 1300, the textile composite is reapplied to the contami 
nated skin area. As stated supra, it Was found that extending 
the application time of the textile composite beyond the pre 
determined time period did not improve the decontamination 
effect. However, a repeated application of the textile compos 
ite on the same contaminated skin area led to an almost 

complete removal of the noxious sub stance from the contami 
nated area as Well as the furroWs and ori?ces of the hair 
follicles. 
[0146] And at 1302, the textile composite is adhered to the 
contaminated skin area via an adhesive layer. The adhesive 
layer is applied to the active layer and connects the composite 
material With the contaminated skin area. Furthermore, the 
adhesive layer can be designed to remove the upper cell layer 
of the comeocytes from the skin. When removing the textile 
composite from the contaminated skin area, the upper cell 
layer of the corneocytes, along With the noxious substance 
particles is extracted in a non-invasive Way, and the propor 
tion of the removed noxious substances is increased. 
[0147] At 1304, the production of sWeat is stimulated in the 
contaminated skin area, Wherein a carrier layer is imperme 
able to Water vapor. An increased production of sWeat by the 
parts of the skin covered by the active layer or carrier layer 
increases the decontaminating effect of the textile composite. 
The sWeat ?ushes out the noxious substances having already 
penetrated the hair follicles and the upper cell layer of the 
corneocytes. The sWeat, along With these noxious substances 
and the particles of noxious substances still present on the 
skin surface, is then absorbed by the superabsorbent in the 
nano?ber nonWoven and retained therein. In a speci?c 
embodiment, the textile composite material has a carrier layer 
that is impermeable to Water vapor. The carrier layer Which is 
impermeable to Water vapor closes the active layer lying on 
the contaminated skin surface in a damp-tight manner and 
thus stimulates the production of sWeat in the enclosed skin 
area. 

[0148] At 1306, the production of sWeat is stimulated in the 
contaminated area, Wherein at least one of the active layer and 
the carrier layer are con?gured to be permeable to heat radia 
tion. At least one of the carrier layer and the active layer are 
designed to stimulate the production of sWeat by the skin. The 
skin areas concerned Which are covered by the textile com 
posite can then be purposefully heated using heat radiators, 
for example, or a chemical reaction producing heat. A quick 
and controlled stimulation of the production of sWeat in the 
contaminated skin area is thereby obtained. 
[0149] At 1308, the production of sWeat is stimulated in the 
contaminated area, Wherein at least one of an active layer and 
a carrier layer of the textile composite material are con?gured 
to be heat conducting. It is, for example, possible to insert 
metallic ?bers or metallic ?laments into the carrier layer 
and/or the active layer, or provide the active layer With a 
metallic coating. As in the embodiment described above, the 
skin areas concerned can be purposefully heated using appro 
priate heating sources such as, e.g., an electrical heating ele 
ment, and the production of sWeat can therefore be stimu 
lated. 
[0150] At 1310, the production of sWeat is stimulated in the 
contaminated area, Wherein an active layer comprises an 
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agent promoting the production of sWeat. For example, by 
applying a sWeat promoting agent onto the surface of the 
active layer that faces the skin, the agent Will stimulate the 
production of sWeat to ?ush out the noxious substances. The 
textile composite material then acts like a transdermal sys 
tem, the agent being absorbed by the skin ?rst and stimulating 
the production of sWeat. 
[0151] Suitable sWeat producing agents may be methyl 
nicotinate, 2-hydroxyethyl salicylate, methyl salicylate, ethyl 
salicylate, menthol B.P. or agents containing benZene deriva 
tives disclosed for example in JP-A 10114649. 
[0152] Furthermore, the active layer may also comprise a 
color indicator to indicate the production of sWeat. OWing to 
this addition, the optimum time to remove the material from 
the skin can be indicated to the user of the textile composite 
material. Color indicators appropriate for this use are for 
example: Cobalt (ll) chloride, quiniZarin poWder, pentam 
ethoxy red, methyl yelloW, phenolphthalein, thymolphtha 
lein, p-naphtolbenZein, 4-nitrophenol, 3-nitrophenol, ocre 
solphthalein, m-cresol red, thymol blue, m-cresol purple, or 
mixtures thereof, the colors of Which change if the nano?ber 
nonWoven has absorbed an amount of sWeat that is suf?cient 
for decontaminating and/or the capacity of the superabsor 
bent to absorb liquid has been exhausted. The color indicator 
may be combined With the superabsorbent and incorporated 
into the active layer, for example by adding the combined 
superabsorbent and color indicator to the polymer melt or 
solution before spinning of the nano?ber nonWoven. 
[0153] The embodiments described above canbe combined 
With each other in any Way. The carrier layer can be at the 
same time impermeable to Water vapor and heat conducting 
or permeable to heat radiation, and/or the active layer can 
contain an agent promoting the production of sWeat. Further 
combinations are also conceivable and considered to be 
Within the scope of the invention. 
[0154] The carrier layer and the active layer can be formed 
integrally With each other. For example, the carrier layer can 
be a Woven fabric, and the nano?bers of the active layer can be 
?rmly spun onto and With the Woven fabric ?laments of the 
carrier layer. Preferably, the carrier layer and the active layer 
are bonded to each other. The layers can then be produced 
separately, so as to have the respective desired properties, and 
then bonded to each other by chemical, thermal or physical 
bonding as is generally knoWn in the art. 
[0155] Additionally, it is also contemplated that the above 
layers can be interchangeable Without affecting the overall 
concept of the invention. Illustrative aspects are described 
herein in connection With the folloWing description and the 
annexed draWings to further illustrate such interchangeabil 
ity. These aspects are indicative, hoWever, of but a feW of the 
various Ways in Which the layers disclosed herein can be 
employed and interchanged, and the contemplated invention 
is intended to include all such aspects and their equivalents. 
[0156] Further, What has been described above includes 
examples of the claimed subject matter. It is, of course, not 
possible to describe every conceivable combination of com 
ponents or methodologies for purposes of describing the 
claimed subject matter, but one of ordinary skill in the art may 
recogniZe that many further combinations and permutations 
of the claimed subject matter are possible. Accordingly, the 
claimed subject matter is intended to embrace all such alter 
ations, modi?cations and variations that fall Within the spirit 
and scope of the appended claims. Furthermore, to the extent 
that the term “includes” is used in either the detailed descrip 
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tion or the claims, such term is intended to be inclusive in a 
manner similar to the term “comprising” as “comprising” is 
interpreted When employed as a transitional Word in a claim. 

What is claimed is: 
1. An absorbent textile composite material for decontami 

nating skin, comprising: 
a carrier layer; and 
an active layer connected With the carrier layer, the active 

layer comprising a nano?ber nonWoven ?lled With a 
superabsorbent to absorb and retain noxious substances 
from the skin. 

2. The textile composite material of claim 1, Wherein the 
carrier layer and the active layer are integrally formed With 
each other. 

3. The textile composite material of claim 1, Wherein the 
carrier layer and the active layer are bonded to each other. 

4. The textile composite material of claim 1, Wherein the 
carrier layer is impermeable to Water vapor. 

5. The textile composite material of claim 1, Wherein the 
carrier layer is permeable to heat radiation. 

6. The textile composite material of claim 1, Wherein the 
carrier layer is con?gured to be heat-conducting. 

7. The textile composite material of claim 1, Wherein the 
active layer contains an agent for stimulating production of 
sWeat. 

8. The textile composite material of claim 1, Wherein the 
active layer is provided With a metallic coating. 

9. The textile composite material of claim 1, Wherein the 
carrier layer is elastic. 

10. The textile composite material of claim 1, Wherein the 
carrier layer is not expandable. 

11. The textile composite material of claim 1, Wherein the 
superabsorbent comprises polymer particles Which have a 
core sWelling in presence of Water and a super?cially post 
cured shell. 

12. The textile composite material of claim 11, Wherein the 
polymer particles are a screening fraction of polymer par 
ticles Which have not been crushed after super?cial postcure 
of the shell. 

13. The textile composite material of claim 1, Wherein the 
nano?ber nonWoven is formed from polyurethane ?bers or 
?laments. 

14. The textile composite material of claim 1, Wherein the 
carrier layer is larger than the active layer and provided With 
an adhesive layer encircling its rim to connect the composite 
material With the skin. 

15. The textile composite material of claim 1, further com 
prising an adhesive layer to connect the composite material 
With the skin is provided on the active layer. 

16. The textile composite material of claim 15, Wherein the 
adhesive layer is con?gured to remove an upper cell layer of 
corneocytes from the skin. 

17. The textile composite material of claim 1, Wherein the 
composite material is selected from the group comprising at 
least one of a cloth, a compress, a dressing, a plaster, an article 
of clothing or a part of a clothing article. 

18. The textile composite material of claim 1, Wherein the 
active layer further comprises a color indicator to indicate 
production of sWeat. 
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19. An absorbent textile composite material, comprising: 
a carrier layer; an active layer comprising a nano?ber non 
Woven comprising a superabsorbent for absorbing and 
retaining noxious substances; and 

at least one additional layer of a nano?ber nonWoven With 
out the superabsorbent. 

20. The absorbent textile composite material of claim 19, 
further comprising a ?exible carrier layer connected to the 
active layer. 

21. The absorbent textile composite material of claim 20, 
further comprising an adhesive layer positioned on the active 
layer, to connect the composite material to a contaminated 
skin area and to remove an upper cell layer of corneocytes 
from the contaminated skin area. 

22. A method of decontaminating human skin from nox 
ious substances, comprising: 

applying a textile composite to a contaminated skin area for 
a predetermined period of time, Wherein a Washing pro 
cedure or a massage procedure is not utiliZed; and 

removing the textile composite from the contaminated skin 
area. 

23. The method of decontaminating human skin from nox 
ious substances of claim 22, further comprising: 

reapplying the textile composite to the contaminated skin 
area; and 

adhering the textile composite to the contaminated skin 
area via an adhesive layer. 

24. The method of decontaminating human skin from nox 
ious substances of claim 22, further comprising stimulating 
production of sWeat in the contaminated skin area, Wherein a 
carrier layer is impermeable to Water vapor. 

25. The method of decontaminating human skin from nox 
ious substances of claim 22, further comprising stimulating 
production of sWeat in the contaminated skin area, Wherein at 
least one of an active layer and a carrier layer are permeable 
to heat radiation. 

26. The method of decontaminating human skin from nox 
ious substances of claim 22, further comprising stimulating 
production of sWeat in the contaminated skin area, Wherein at 
least one of an active layer and a carrier layer are heat con 
ducting. 

27. The method of decontaminating human skin from nox 
ious substances of claim 22, further comprising stimulating 
production of sWeat in the contaminated skin area, Wherein an 
active layer comprises a sWeat promoting agent. 

28. A method of decontaminating human skin from nox 
ious substances, comprising: 

applying a textile composite to a contaminated skin area for 
a predetermined period of time; and 

removing the textile composite from the contaminated skin 
area; 

Wherein the textile composite comprises a nano?ber non 
Woven and a superabsorbent integrated into the nano? 
ber nonWoven, the nano?ber nonWoven having a ?ber 
diameter of less than 1 pm; and 

Wherein the contaminated skin area comprises contami 
nated hair follicles, and the noxious substances are 
removed from the hair follicles. 

* * * * * 


