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DESCRIPTION

[0001] This invention relates to polymeric garment material, garments and methods of making
polymeric garment material.

[0002] Polymeric materials are currently used for a wide range of garments, some of these
garments (for example, raincoats and aprons) make use of the protective properties of the
material, other garments (for example, footwear, underwear and fashion garments) use
polymeric materials because of appearance and/or feel of the material.

[0003] Figure 1 illustrates the steps of a known method of producing a knitted nylon garment
that has a polyurethane (PU) coating. At step 10 a knitted nylon lining is fitted on to a mould.
The nylon lining acts as a substrate to which the PU coating is applied. Figure 2 illustrates a
sock lining 32 fitted to a mould 30 that supports the lining 32 so that the lining 32 takes the
desired shape for the finished garment. In the case illustrated the garment is a sock, however,
the method is applicable to other garments. At step 12 the mould 30 (fitted with the sock lining
32) is immersed into a solution of PU and dimethylformamide (DMF). At step 14 the mould 30
is withdrawn from the solution of PU and DMF and excess solution is allowed to drain leaving a
coating of the PU/DMF solution on the lining 32. At step 16 the mould is immersed in water.
The immersion causes the PU coating on the lining 32 to coagulate, that is the PU coating sets.
The mould 30 remains in the water for a period of 90 to 120 minutes so that the DMF solvent is
leached out of the lining into the water. At step 18 the mould is removed from the water and
placed in an oven to dry the PU coated nylon liner. Finally at step 20 the PU coated nylon liner
is removed from the mould 30 and a PU coated nylon sock is obtained.

[0004] A major disadvantage with this process is that it uses DMF. DMF is a solvent that is
known to be very toxic, and one that is easily absorbed through the skin. Therefore great care
has to be taken when handling the solution of PU/DMF. In order that a safe working
environment is provided the atmosphere in which the process is carried out needs to be well
ventilated and provided with extraction fans.

[0005] At step 16, when the DMF is leached into water, the water will become saturated with
DMF. Therefore, the water will need to be repeatedly changed - this is both time consuming
and expensive. Additionally, since the DMF saturated water solution is toxic, care must be
taken when disposing of the DMF saturated water so as to minimise environmental damage
that may occur from the disposal.

[0006] An alternative to DMF is the use of THF (Tetra Hydro Furan). However THF is also a
noxious chemical and has many of the disadvantages associated with DMF.

[0007] A further disadvantage of the process is that the PU coating penetrates the interstices
of the nylon liner. Therefore, the PU coating will come into contact with the skin of a wearer of
a garment made by this process if such a garment is worn next to the skin. This can cause
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irritation and build up of perspiration next to the skin, and, in particular, some wearers may be
allergic to PU. Skin irritation may also be caused by any DMF or THF that has not been
removed during the leaching step 16. DMF in particular is readily absorbed through the skin. A
further hazard of DMF is that it is known to be carcinogenic and to be the cause of foetal
defects.

[0008] WO2005/088005 relates to a polymeric garment material and methods of making a
polymeric garment material.

[0009] According to a first aspect of the invention there is provided a method of making
garment material according to appended claim 1, the method having the steps: providing a
substrate; applying coagulant to a substrate; applying a foam of the polymeric material to the
substrate; allowing the coagulant to coagulate some of the foam leaving some of the foam
uncoagulated; and removing uncoagulated foam from the substrate to leave a layer of the
coagulated polymeric material on the substrate.

[0010] The use of foamed (aerated) polymeric material removes the need for the polymeric
material to be dissolved in DMF, THF or, indeed, any other solvent. Therefore, the method is
less hazardous and more environmentally friendly. The garment material produced by the
method will not contain potentially harmful traces of solvent.

[0011] The coagulant may be allowed to coagulate some of the foam for a period in the range
60 to 180 seconds. The step of removing uncoagulated foam may comprise removing an outer
layer of the foam to leave an inner layer of coagulated polymeric material on the substrate.
The outer layer may be removed before a skin has formed on the outer surface of the foam
layer. Obviously no skin will have formed on the surface of the remaining inner layer, so that
there is no skin on the final product.

[0012] A wide range of polymeric materials are suitable for production, of the foam, these
include nitrile latex, natural latex, polyvinylchloride (PVC), polyvinylacetate (PVA) neoprene
(polychloroprene) and rubber as well as PU latex. The foam may be produced from one of or a
blend of two or more of these polymeric materials. Hence, the method provided by the
invention is more widely applicable than the known method (illustrated in Figure 1), which is
restricted to the use of PU.

[0013] The substrate may be, for example, knitted nylon but a wide range of materials may be
used as the substrate, for example, the substrate may be one of, or a blend of two or more of:
cotton, spandex, lycra, polyester, aramid, dyneema, acrylic, carbon conductive fibre, copper
conductive fibre, thunderon conductive fibre, multiflament yarn spun from liquid crystal
polymer (available under the brand name Nectran™), tactel, CoolMax™, ThermaStat™,
Thermax™ and Niafil (RTM). For example, the substrate may be a blend of nylon and lycra
and may comprise a blend of 95% nylon and 5% lycra. Such a blend is particularly comfortable
to wear, the garment conforming well to the shape of the wearer.
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[0014] Preferably, the step of removing the uncoagulated foam comprises directing a fluid at
the substrate. For example a spray of liquid such as water may be directed at the substrate.
Alternatively, the fluid may be a gas, which may be at least predominantly air. The gas may be
directed as a jet. The spray of liquid or jet of gas may have a pressure in the range 1 to 10, or
more preferably in the range 1 to 4 bar. The fluid may be directed at an angle in the range 0°
to 45° to the normal to the surface of the substrate. Alternatively, the step of removing
uncoagulated foam from the substrate may comprise immersing the substrate in liquid, for
example water.

[0015] After removing the uncoagulated foam from the substrate, the method may further
comprise the step of immersing the substrate in water to remove coagulant. The substrate may
then be dried, for example by placing the substrate in an oven.

[0016] A number of suitable coagulants may be used. The coagulant may be either an
aqueous solution or an alcoholic solution of one or more electrolytes. The electrolytes may
comprise one or more of formic acid, acetic acid, calcium nitrate and calcium chloride.

[0017] Before applying coagulant to the substrate, the substrate may be placed on a mould,
which may be composed of one or more of metal, ceramic, fibreglass and plastic. The mould
may take the form of a portion of the garment or, alternatively, may take the form of a complete
garment. The garment may, for example, be a coat, an apron, a boot, a shoe, a sock an item
of underwear, a glove or a corset.

[0018] Surprisingly, this method of removing the excess, uncoagulated foam leaves behind a
cohesive, porous and breathable layer of polymeric material on the substrate. A garment made
from the garment material produced in this way allows perspiration to escape from the wearer
of the garment and reduces heat build up within the garment.

[0019] The garment material is more flexible and lightweight and garments made from the
garment material are more comfortable to wear than garments produced by the prior art
method illustrated in Figure 1.

[0020] The penetration of the foam into the substrate may be controlled so that the foam does
not fully penetrate the substrate. In this way, the garment material produced has an inner
surface that does not have exposed polymeric material. This is advantageous since many
people have an allergic reaction to polymeric materials (especially latex) worn next to the skin
and the non-penetrated portion of the substrate forms a barrier between the wearer of the
garment and the coating of the polymeric material. The risk of further skin irritation caused by
solvents such as DMF and THF is also removed since this process removes the need for such
solvents. This is particularly important as DMF is readily absorbed through the skin and is
known both to be carcinogenic and to cause foetal defects.

[0021] After the excess and partially coagulated foam is removed, dressing compositions
comprising a blend of essential oils are applied to the garment material. The dressing
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composition may be applied either before or after the garment material is removed from the
mould. The dressing material may be encapsulated and applied in the form of an encapsulate,
which may comprise encapsulate particles each comprising an outer shell containing a volume
of the dressing composition. The shell may be formed, for example, of melamine or gelatine, or
indeed any other suitable material. The particles may have a mean diameter in range 0.1 -
10um in diameter. They may have a mean diameter no less than 0.5um. They may have a
mean diameter no more than Sum.

[0022] One or more bonding agents is applied to the garment material before or at the same
time as the dressing composition to ensure that the dressing composition adheres to the
garment material. The bonding agents may be any known bonding agents or mixtures of
bonding agents. The bonding agents may comprise one or more bonding agents, for example,
polyvinyl alcohol (PVA), Styrene Butadiene Rubber SBR, Ethylene Vinyl Acetate (EVA),
polyurethane (PU)) and/or nitrile rubber (NBR). Solutions of the bonding agents may comprise
from about 1% to 5% of each bonding agent or from about 1% to about 5% total bonding agent
for a mixture of bonding agents. For example a 1 to 5% solution of PVA, PU and/or NBR in
water.

[0023] The one or more bonding agents may be liquid or in solution. The one or more bonding
agents may be applied to the garment material by washing, dipping, soaking, spraying and/or
painting the garment material in a liquid or solution comprising a sufficient quantity of the
bonding agents.

[0024] The garment material according to the present invention is a particularly advantageous
garment material for the addition of dressing compositions because it has a rough or porous
surface coating that allows the dressing composition to stick or penetrate inside the
depressions or recesses in the open cell structure caused by removing uncoagulated polymer
foam and preventing a skin from forming on the outside of the polymer. The open cell porous
coating means that the coating is able to absorb, or retain, more of the dressing composition
due to the large surface area of the open cell structure. Where the dressing composition
adheres within the open cell structure of polymer coating it is unlikely to be rubbed off during
use of the garment material.

[0025] The dressing composition is any blend of essential oils that provides enhanced
properties to the garment material. The dressing composition may, for example, comprise one
or more compounds that provide an antiperspirant effect and/or a cooling effect to enhance the
breathability and/or the coolness of the garment material thus making the garment more
comfortable to wear over long periods of time. The dressing composition may comprise one or
more: scented compounds, anti-static compounds, anti-bacterial compounds, anti-fungal
compounds and/or warming compounds.

[0026] The dressing composition is a blend of essential oils, for example a blend of
encapsulated essential oils. The dressing composition may be an encapsulated blend of
cooling essential oils. A blend of cooling essential oils may comprise, for example Cajiput,
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Cypress Palmarosa, Rose, Geranium, Pine and/or Lavender oils. A garment material dressed
with a dressing composition comprising cooling essential oils is advantageous because it feels
cool to the wearer. The dressing composition may be an encapsulated blend of antiperspirant
essential oils. A blend of anti-perspirant essential oils may comprise, for example, Juniper,
Sage, Witch Hazel, Cistus, Tea Tree, Eucalyptus and/or Basil oils. Encapsulated essential oils
may also provide antibacterial and/or antifungal properties. A garment material dressed with a
dressing composition comprising antiperspirant essential oils is advantageous because the
wearer feels comfortable and not sweaty when wearing the garment material. This is
particularly advantageous for a garment material of the present invention because the garment
material is breathable and the cooling and antiperspirant essential oils also provide additional
cooling and antiperspirant effects. This keeps the wearer cooler and is more comfortable for
the wearer in hot conditions or when wearing the garment material during strenuous activities
or for extended periods of time.

[0027] The garment material may be dressed with more than one dressing compositions, for
example an encapsulated blend of cooling essential oils and an encapsulated blend of
antiperspirant essential oils. The two or more dressing compositions may be applied
simultaneously or sequentially and may be applied simultaneously with the bonding agents or
after the bonding agents.

[0028] The dressing composition may comprise encapsulated essential oils, for example the
essential oils may be selected from tea tree, eucalyptus, sage, cypress, geranium palmarosa,
cistus, witchhazel, pine, rosegeranium, eucalyptus, lavender, juniper, cajiput and other
essential oils.

[0029] Dressing compositions, for example encapsulated essential oils, suspended or
dissolved in water may be applied to the garment material before removing the garment
material from the mould. The garment material may first be washed to remove residual
coagulant and at least partially dried, then the garment material may be dipped or soaked in
bonding solution, for example a 1 to 5 % solution of PVA; PU or NBR; and/or EVA in water and
allowed to drain.

[0030] The garment material may then be dipped or soaked in dressing composition dissolved
or suspended in water or another solvent. For example encapsulated essential oils may be a
suspension of 2 to 5 grams of encapsulated essential oils per litre of water. The suspension of
encapsulated essential oils may be maintained at between 50°C and 80°C. The garment
material may be allowed to drain for a suitable time, for example 5 to 10 minutes, to allow
excess liquid to drain away. The garment material may be dipped or soaked in two or more
suspensions of dressing compounds, for example encapsulated essential oils, either
concurrently or sequentially and excess liquid may be allowed to drain between each. The
garment material may optionally be dried between application of each dressing composition,
for example in an oven for 20 to 30 minutes at a suitable temperature that is not high enough
to damage the garment material or dressing composition, for example between 50 and 70°C.
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[0031] The garment material may then be cured and removed from the moulds. Once the
dressing compositions have been applied and the garment material has been cured further
washing may be used to remove unwanted impurities without affecting the dressing
composition.

[0032] Dressing composition may be applied to the garment material after removing the
garment material from the mould by washing the garment material in a solution or suspension
of bonding agents and the dressing composition (or each of these separately), for example 2
to 5 grams of encapsulated essential oils per litre of water at 50°C to °C and 1 to 2 grams per
litre of bonding agents such as PVA, (PU or NBR.) SBR and/or EVA.

[0033] Whether the dressing composition is applied to the garment material while it is on the
mould or after it is removed from the mould, the dressing composition penetrates through the
foamed polymer layer to the substrate layer. The dressing composition therefore adheres on
both the inside and the outside of the garment material. This is advantageous because some
of the dressing composition may be on the surface of the garment material that is worn next to
the skin and the dressing composition may be in contact with the skin. This is advantageous
because the effect of the dressing composition may be felt on the skin, for example a dressing
composition comprising anti perspirant essential oils may have an anti perspirant effect on the
skin. A dressing composition comprising cooling essential oils may have a cooling effect on the
skin.

[0034] According to a second aspect of the invention there is provided garment material
produced by the method of the first aspect of the invention.

[0035] According to a third aspect of the invention there is provided a garment produced by
the method of the first aspect of the invention.

[0036] According to a fourth aspect of the invention there is provided a garment material
according to appended claim 10.

[0037] According to a fifth aspect of the invention the garment material has a substrate and a
layer of coagulated polymeric material penetrating the substrate, wherein the polymeric
material does not fully penetrate the substrate.

[0038] According to a sixth aspect of the invention the garment material has a substrate and a
layer of coagulated polymeric material penetrating at least partially the substrate, wherein the
garment or garment material has a water vapour permeability in the range 3.5 to 6.5 mg.cm‘2
h-1. Prefer ably the garment or garment material has a water vapour permeability in the range
5.0 to 6.5 mg.cm2h".

[0039] According to the invention the garment material will hold between 1.0 mg and 8.5 mg of

water per cm? of the garment material when subjected to a temperature of 20 + 2 °C and a
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relative humidity of 65 + 2% for 265 minutes. Preferably the garment or garment material,
when subjected to a temperature of 20 + 2 °C and a relative humidity of 65 + 2% for 265

minutes, will hold between 1.0 mg and 5.5 mg of water per cm? of the garment or garment
material.

[0040] Also disclosed herein is a method of applying discrete areas of polymeric coating to the
layer of coagulated foam of a garment or garment material produced by the method of the first
aspect of the invention. The method may further comprise at least one of the steps of: washing
the garment or garment material to remove residue; partially drying the garment or garment
material providing an array former; and dressing the garment or garment material on the array
former; before applying the polymeric coating; and then curing the layer of coating; and
stripping the garment or garment material from the array former after applying the polymeric
coating.

[0041] Preferably, the garment or garment material is washed with a solution of water and
detergent. The garment or garment material is preferably partially dried at a temperature of
around 50-70°C. Advantageously, only partially drying the washed garment or garment
material so that the layer of coating is applied to a damp coagulated polymeric layer improves
the bonding between the layer of coating and the coagulated foam.

[0042] The layer of coating may comprise one of or a blend o two or more of nitrile latex,
natural latex, PU latex and latex and preferably has a viscosity of around 100-400 poise.

[0043] The layer of coating may be cured for 30-45 min at a temperature of 60-140°C.
Alternatively, the layer of coating may be cured in two stages. The first stage may comprise 15-
30 min at 60-80°C. The second stage may comprise 20-40 min at 120-150°C. The layer of
coating may have a thickness of around 0.2-2.0 mm before curing, which may be reduced to
around 0.05-1.0 mm after curing.

[0044] The array of discrete areas of coating may comprise an array of dots or alternatively
may comprise a combination of an array of dots and strengthening patches.

[0045] Also described is a garment or garment material produced as described above.

[0046] Also described is an apparatus for producing garment material comprising a mould
arranged to support a substrate, foam application means arranged to apply a foam of a
polymeric material to the substrates, and foam removing means arranged to remove
uncoagulated foam from the substrate to leave a layer of coagulated polymeric material on the
substrate.

[0047] The apparatus may further comprise dot application mans arranged to apply a dot
coating to the layer of coagulated polymeric material.

[0048] The apparatus may also comprise at least one of washing mans arranged to remove
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any residue from the garment material, drying means arranged to partially dry the washed
garment material, and curing means arranged to cure the dot coating.

[0049] Preferred embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings in which:

Figure 1 schematically illustrates a prior art method of making polyurethane coated garments;
Figure 2 schematically illustrates a substrate that has been placed on a mould;

Figure 3 schematically illustrates a method of making garment material according to an
embodiment of the invention;

Figure 4 schematically illustrates a system for making garment material according to an
embodiment of the invention;

Figure 5 schematically illustrates a plan view of a flight bar to which several moulds are
mounted;

Figure 6 schematically illustrates a side view of the flight bar of Figure 5, the flight bar being
translated into a spraying station;

Figure 7 schematically illustrates a side view of a garment substrate in a section of the
spraying station of Figure 6 in which nozzles are pointing upwards;

Figure 8 schematically illustrates a side view of a garment substrate in a section of the
spraying station of Figure 6, in which nozzles are pointing horizontally; and

Figure 9 schematically illustrates a side view of a garment substrate in a section of the
spraying station of Figure 6, in which nozzles are pointing downwards.

Figure 10 illustrates a discrete array of areas of polymeric coating applied to the surface of a
garment or garment material produced using the method of Figure 3.

Figure 11 schematically illustrates a method of applying a discrete array of areas of polymeric
coating to the surface of a garment or garment material produced using the method of Figure
3.

Figure 12 schematically illustrates a cross section through the garment or garment material of
Figure 10.

Figure 13 shows Maxiflex 34-87A gloves treated with anti-perspirant and cooling encapsulated
essential oils (Formula A and Formula B) according to the protocol set out above (left panel)
and Maxiflex Ultimate 34-874 gloves untreated (right panel.

Figure 14 shows The complete set up of the MDF board with holes, nuts and bolts used for
testing gloves (left panel) and a manual task being completed (right panel (right panel).

Figure 15 shows thermal images of the left hand of subject 1 wearing a glove. The left column
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shows the hand wearing a glove treated with encapsulated anti-perspirant essential oils and
encapsulated cooling essential oils (Formula A and Formula B). The right column shows the
same hand wearing an untreated glove of the same type. The images were taken before the
ergonomic test (top panels), 30 minutes into the ergonomic test (centre panels) and at the end
of the ergonomic test (bottom panels). The gloves used were Maxiflex 34-87A treated or
untreated size 9 and the climatic chamber was at 27 °C and 60% rh.

Figure 16 shows a scanning electron micrograph of the garment material. This is a view from
the inside surface of a glove showing the substrate material with encapsulated cooling and
anti-perspirant essential oils adhered to the surface of the fibres. The fibres are of the
substrate material 95% nylon with 5% lycra.

Figure 17 shows a scanning electron micrograph of the outside surface of a glove showing the
open pore polymer foam surface with encapsulated cooling and anti-perspirant essential oils
adhered to the surface and within the depressions of the surface that are caused by the open
pore structure of the polymer foam surface.

Figure 18 shows a close up of the a scanning electron micrograph of Figure 18 showing the
inside of one of the depressions caused by the open pore structure and encapsulated cooling
and anti-perspirant essential oils adhered to the inside of the depressions in the polymer foam.

Figure 19 shows a cross-section view of the garment material with encapsulates adhered to
the surface.

[0050] Referring to Figures 3 and 4, to make a garment according to an embodiment of the
invention, at step 210 a lining or substrate 32 is fitted to a mould 30. The mould 30 supports
the substrate 32 during the various process steps that are applied to the substrate 32 to
produce the garment material. After the garment material has been made it is removed from
the mould 30.

[0051] The substrate 32 may take the form of a complete garment, for example, a sock (as is
illustrated in Figure 2) or in a form that is a section of a garment, for example a pocket for a
coat. In such cases the mould 32 provides the correct shape for the finished garment or
garment section. When the mould takes the shape of a finished garment it is preferable that
the substrate 32 fitted on to the mould 30 is seamless so that the finished garment is also
seamless. Alternatively, the mould 32 need not take any particular form and sheets of garment
material are formed by the process. For example, the substrate may be stretched out between
two clamps or rollers, and for the purpose of this specification the term " mould" covers
arrangements of clamps, rollers and the like that support the substrate 32 by applying tension
to the substrate 32. In this case, garment or garment sections are produced by further
processing of the sheets of garment material for example by pieces being cut from the sheet of
garment material and then the pieces being used to make a garment.

[0052] The mould 30 may be made from, for example, metal, porcelain, fibreglass or plastic.
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[0053] Suitable materials for the substrate 32 include one of, or a blend of two or more of:
nylon, cotton, spandex, lycra, polyester, ara.mid, dyneema, acrylic, carbon conductive fibre,
copper conductive fibre, thunderon conductive fibre, multiflament yarn spun from liquid crystal
polymer (available under the brand name Nectran™), tactel, CoolMax™, ThermaStat™,
Thermax™ and Niafil (RTM) . For example, the substrate could comprise a blend of 95% nylon
and 5% lycra. The substrate 32 has a lattice structure and may be formed by knitting, weaving
or some other known process.

[0054] The process may be applied to batches of substrates (batch-processing) such that the
process steps are applied to a group of moulds 30, each mould 30 supporting a substrate 32.
Alternatively, the process may be applied continuously such that the moulds 30 are of time at
other parts of the system 100 according to what particular process step is occurring at those
positions. Referring to Figure 5, the moulds 30, bearing the substrates 32 are mounted in a
row on a bar 50, termed a "flight bar". In the example illustrated, four pairs of moulds 30
(bearing four pairs of gloves respectively) are mounted on a flight bar 50. The flight bar 50
moves in a linear direction from one process station to another at a set speed. Of course, the
speed at which the flight bar is set can be varied. There may be several flight bars 50, each
flight bar 50 being at a different stage of the process, and the movement of a flight bar 50 from
one station to the next is at set intervals.

[0055] At step 214 coagulant 34 is applied to the substrate 32. This may be achieved by
immersing the substrate 32 (supported on the mould 30) into a bath or trough 36 containing
the coagulant 34 or by spraying the coagulant 34 onto the substrate 32. The coagulant 34 is
an aqueous or alcoholic solution of electrolytes. Suitable electrolytes include formic acid, acetic
acid, calcium nitrate, calcium chloride or a mixture of two or more of these. Ethanol may be
used to provide the alcoholic solution of electrolytes but other alcohols are also suitable, for
example, iso-propyl alcohol and methanol may also be used.

[0056] At step 218 excess coagulant 34, i.e. coagulant that is not absorbed by the substrate 32
is allowed to drain from the substrate 32. If the coagulant 34 was applied by immersion in a
bath/trough 36 of coagulant 34 then step 218 involves withdrawal of the mould 30 from the
bath/trough 36.

[0057] Alternatively, to apply the coagulant to the substrate, the substrate can be pressed onto
a sponge saturated with coagulant. This method reduces the amount of coagulant picked up
by the substrate, avoiding the need to allow time for excess coagulant to drain from the
substrate.

[0058] At step 222 a foam 38 of polymeric material is applied to the substrate 32, for example
by immersing the mould 30 supporting the substrate 32 into a bath/trough 37 of the foam 38.
The production of a foam 38 of polymeric material is well known to a skilled person. The foam
38 may be formed from one. of, or combination of, several polymeric materials. Suitable
polymeric materials include PU latex, nitrile latex, natural latex, polyvinylchloride (PNC),
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polyvinylacetate (PNA), neoprene (polychloroprene) and rubber. The foam 38 has a density in
the range 15-35%, i.e. there is 15-35 % air by volume in the foam and a viscosity in the range

80-180 poise (8-18 Ns/m?). The foam 38 contains thickeners so that the foam 38 is of the
required viscosity. The thickeners are usually added to the polymeric material when the
polymeric material is in liquid form, i.e. before it is aerated. Examples of thickeners include
polyvinyl alcohol (0.2 - 0.6 parts per 100 parts polymeric material by volume) methyl cellulose
(0.2 - 0.8 parts per 100 parts polymeric material by volume) and polyacrylate (0.2 - 0.6 parts
per 100 parts polymeric material by volume). The foam also contains stabilisers so that the
foam 38 is stable (i.e. does not degrade to a liquid) and curatives that provide the polymeric
coating obtained from the foam with mechanical strength so that the coating is resistant to, for
example, abrasion, punctures and tearing. The stabilisers and curatives are usually added to
the polymeric material when the polymeric material is in liquid form. Examples of stabilisers
include diphenyl guanidine alcohol (with a concentration of about 0.5 parts per 100 parts
polymeric material by volume) and alkali casein (0.3 - 0.8 parts per 100 parts polymeric
material by volume). Although the thickeners, stabilisers and curatives are normally added to
the liquid polymeric material before it is aerated, they can also be added after aeration, for
example if modification of the foam properties is required (for example by adding more
thickener to increase the viscosity of the foam)

[0059] At step 226 the substrate 32 is removed from the foam 38 and excess foam is allowed
to drain from the substrate 32 to leave a layer of foam 38 on the substrate 32. The foam is
arranged, as described in more detail below, not to pass through the substrate 32, but to
remain on the outer surface or pass part way through the substrate. The foam therefore forms
a layer on the outside of the substrate 32.

[0060] At step 228 the foam 38 reacts with the coagulant 34 that has been absorbed by the
substrate 32 causing coagulation of the foam 38.

[0061] Only partial coagulation of the foam 38 is required, therefore, the foam 38 is allowed to
react with the coagulant 34 for a limited period of time. After this period of time the foam
closest to the substrate 32 will be coagulated but the degree of coagulation progressively
decreases with distance from the substrate 32 so that the outer surface of the foam will not be
coagulated (i.e. , the outer surface will be wet) . Typically the foam 38 is allowed to react with
the coagulant 34 for a period in the range of 60-180 seconds before the excess
(uncoagulated) foam 38 is removed. This period is controlled so that the underside of the foam
layer that is in contact with the substrate 32 coagulates, but the outer part of the foam layer
does not coagulate. Therefore, a film skin is not formed on the outer surface of the foam layer.
The foam layer has a thickness in the range 0.5 - 1.5 mm.

[0062] At step 230 the outer layer of excess, uncoagulated foam 38 is removed from
substantially the whole area of the foam layer on the substrate 32. This may be done by
directing one or more sprays of water 40 at the substrate 32. The water is directed at the
substrate 32 via one or more nozzles 42. Each spray of water 40 has a pressure in the range 1

- 4 bar (1 x 10°- 4 x 10° N/m?). The spraying process lasts for about 5 - 20 seconds.
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[0063] The nozzles 42 may be stationary with a set orientation relative to the substrate 32.
Alternatively, the nozzles 42 may be moveable so that the orientation of the nozzle 42 relative
to the substrate 32 can be varied during the spraying process. The nozzles 42 may also be
translatable relative to substrate 32 during the spraying process to provide good coverage of
the substrate 32 with the spray 40. It is also possible to use a continuous jet instead of a spray,
however, a spray is preferred since this makes more economical use of water.

[0064] Referring to Figures 6 to 9, according to an embodiment of the invention the moulds 30,
bearing the substrates 32, are translated on a flight bar 50 to a spraying station 52. Figures 6
to 9 illustrate the substrate 32 in the form of a glove lining with the fingers of the glove lining
pointing downwards (of course the invention is applicable to sock linings and other garment
substrates). The spraying station 52 comprises a number of spay nozzles 42. The nozzles
form two rows 43 that are orientated so that the nozzles of one row sprays the front of the
substrate 32 (e.g. the palm side of the glove linings 32) whilst the nozzles of the other row
spray the back of the substrate 32 (e.g. the backhand side of the glove linings 32). The nozzles
42 are in a fixed position with a pre-set spaying angle and the nozzles 42 do not move during
the spraying process. The spraying angle of each nozzle 42 is in the range 0 to 45° to the
horizontal (the horizontal being the normal to the surface of the substrate 32) and the spraying
angle may be adjusted before the spraying process. The nozzles 42 may be arranged as pairs
with a nozzle 42a on one row facing a nozzle 42b of the other row. The nozzles 42a, 42b may
be set at different angles: for example the pair of nozzles 42a, 42b may point upwards at about
45° to the horizontal as illustrated in Figure 7; the nozzles 42a, 42b may point horizontally as
illustrated in Figure 8; or the nozzles 42a, 42b may point downwards at 45° to the horizontal
illustrated in Figure 9. It is not necessary for the nozzles 42a, 42b in each pair to be orientated
at the same angle to the horizontal.

[0065] As water is pumped through the nozzles 42 the flight bar 50 is translated vertically
through the spray produced by the nozzles 42. For example, the moulds 30 are first moved
downwardly through the sprays and then upwardly through the spray as the moulds are moved
through the spraying station on the flight bar 50.

[0066] Other fluids could be used to remove the foam 38, for example a jet of compressed air
could be directed at the substrate 32. The foam 38 could also be removed by immersing the
substrate 32 in a bath/trough of an aqueous medium. The aqueous medium may comprise an
anti-foam agent such as an emulsion of organo-modified polysiloxanes in the concentration
range 0.01 - 0.1% by volume or a blend of petroleum and amorphous silica in the
concentration range 0.2 - 0.8% by volume.

[0067] The removal of the excess foam 38, by directing fluid at the substrate 32, leaves behind
a cohesive, porous and breathable layer of polymeric material on the substrate 32. At this
stage of the process the layer of polymeric material has a thickness in the range 0.34 - 1.0
mm.
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[0068] At step 232 excess coagulant 34 is removed from the substrate 32. This may be done
by immersing the substrate 32 into a bath/trough of water 41, typically the immersion is for a
period of about 15 minutes.

[0069] At step 234 the substrate 32 with its layer of polymeric material is dried. The drying may
be done in an oven 44 which may be fitted with one or more fans that distribute the heat evenly
throughout the oven 44. The drying could also be achieved by directing air over the substrate
32. The air may be dried and/or heated before it is directed over the substrate 32.

[0070] After being dried, the layer of polymeric material has a thickness in the range 0.26 -
0.80 mm.

[0071] At step 236, the garment material, comprising the substrate 32 with the polymeric
coating, is removed from the mould 30.

[0072] The garment material produced by the above process has a uniform porosity.

[0073] The penetration of the foam 38 into the substrate 32 can be controlled so that the foam
does not fully penetrate the substrate 32. In this way, the garment material produced has an
inner surface with no, or very little, exposed polymeric material. This is advantageous since
many people are have an allergic reaction to polymeric materials (especially latex) worn next to
the skin and the non-penetrated portion of the substrate 32 would form a barrier between the
wearer of the garment and the coating of the polymeric material.

[0074] The penetration of the foam into the substrate (and the porosity of the finished garment
material) can be controlled by varying a number of parameters including:

1. i. the formulation of the polymeric material;

2. ii. the formulation of the coagulant;

3. iii. the time between applying the coagulant and applying the foam;

4. iv. the time between applying the foam and removing excess (uncoagulated) foam;
5. v. foam density;

6. vi. foam viscosity; and

7. vii. the weight and construction of the substrate.

[0075] The parameter values disclosed in the description provide fabric material that has the
desired properties, however, the skilled person may achieve the advantages of the invention
using a method having parameters that vary from those given.

[0076] The garment material produced by the invention is particularly suitable for gloves, for
example gardening gloves and gloves used for light assembly (for example the assembly of
electronic components). Such gloves (particularly gloves for light assembly) need to provide
the wearer with a high degree of dexterity and, when the gloves are worn for a long period of
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time, the hands need to be kept cool, dry and comfortable. Gloves made by the process of the
invention allow perspiration to escape from the glove/be absorbed by the glove and the hands
of the wearer are not irritated by the glove (either by heat build up, sweat, solvent residue or
polymeric material present on the lining of the glove) . The increased flexibility of the polymeric
coating, compared to the coatings of prior art garment material, allows for better dexterity and
usability of the gloves.

[0077] Gloves made according to the invention were tested for water vapour permeability and
absorption of water. The tests were performed on samples taken from four different gloves at a
temperature of 20 + 2 °C and a relative humidity of 65 + 2%. The thickness of all these
samples was 1.08mm. The results of these tests are given in table 1.

[0078] For comparison, samples from four prior art gloves were also tested under the same
conditions. The prior art gloves were made by using a solution of polyurethane (PU) dissolved
in DMF according to the method illustrated in Figure 1. The thickness of each of these samples

was 1.03 mm with an area of 18 cm2. The results for these tests are given in Table 2.

[0079] The water vapour permeability figures are given in units of milligrams of water that pass

through a square centimetre of the sample in one hour (mg.cm2.h"1). The absorption figures
are given in milligrams of water absorbed by the whole sample as measured, with equivalents
per square centimetre of the samples in brackets, after set periods of time at a temperature of
20 + 2 °C and a relative humidity of 65 + 2%.

Table 1 Test results for samples taken from gloves according to an embodiment of the
invention

Sample 1 Sample 2 Sample 3 Sample 4

Permeabmty (mg_cm'z'h'1) 577 3.94 6.16 5.38
Absorption (mg.) after 265 {45 (2.5cm- {1.11 (6.2 32(1.8cm™ {67 (3.7 cm”
minutes 2) cm2) 2) 2)

Absorption (mg.) after 400 144 (2.4 cm™ {143 (7.9 cm {28 (1.6 cm™ {69 (3.8 cm
minutes 2) 2) 2) 2)

Table 2 Test results for samples taken from prior art gloves made using a solution of PU in
DMF

Sample 1 Sample 2 {Sample3 {Sample 4

Absorption (mg.) after 265 11 (0.06cm™2) {2 (0.11 cm™ {3 (0.17 cm™ {1 (0.06 cm"
minutes 2) 2) 2)

Absorption (mg.) after 400 {3 (0.17 cm™) {1 (0.06 cm™ {2 (0.11 cm™ {0 (0 cm™)
minutes 2) 2)
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[0080] The average permeability of the samples taken from the gloves according to
embodiment of the invention was 5.3 mg.cm'2 Hr'! whereas for the samples taken from the

prior art gloves the average permeability was 10.4 mg.cm'2 Hr'. The tests were performed by
an independent test organisation (SATRA Technology Centre, Kettering, Northamptonshire,
UK). This organisation uses the following classification for water vapour permeability:

Very High permeability - over 5.0 mg.cm'2 Hr!
High permeability - between 2.6 and 5.0 mg.cm'2 Hr!
Moderate permeability - between 1.0 and 2.5 mg.cm™ Hr"’

Low permeability - under 1.0 mg.cm'2 Hr

[0081] Therefore, both sets of samples can be considered to have very high permeability (with
the exception of sample 2 of Table 1) . It can be seen that the permeability of the prior art
gloves is much higher than the gloves made according to the method of this invention.
However, when the gloves of the current invention are worn there is significantly less build of
perspiration than when the prior art gloves are worn. This can be explained by considering the
absorption figures: the gloves embodying the invention absorb far more water than the prior art
gloves. Therefore, for the gloves embodying the invention, when worn, some of the
perspiration is taken from the hand of the wearer and held in the glove and some of the
perspiration permeates (i.e. escapes from) the glove, hence there is less perspiration build on
the inner surface of the glove. It is believed that the gloves embodying the invention absorb
more water because the polymer layer has larger interstitial spaces compared to the prior art
due to the method of manufacture of the gloves (i.e. , the method of the invention uses foamed
polymer which is then washed off, for example with a water spray, before fully coagulating,
whereas, for the prior art method the glove liner/substrate is dipped in a solution of polymer
and then immersed in water to coagulate the polymer solution) . The interstitial spaces give the
gloves a 'wicking action’, that is water is pulled into the gloves by capillary action.

[0082] According to a further embodiment of the invention, an array of discrete areas of
polymeric material is applied to the surface of the gloves so that it covers areas of the foamed
and coagulated polymer to provide a protective coating. For example, this could comprise an
array of dots. This coating of polymeric material increases the abrasion resistance of the layer
of coagulated polymeric foam. Referring to Figure 10, the dots 102 are applied in an array
across the surface of the glove. Additional patches of the coating 104 are applied to particular
parts of the surface of the glove, such as between the finger portions and at the fingertips.
These are areas that are likely to be subjected to greater wear or abrasion and where larger
patches of abrasion resistive coating are particularly valuable.

[0083] In the embodiment shown in Figure 10, the dots 102 are circular and spaced evenly
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across the surface of the glove. The further reinforcing patches 104 on the fingertips 106 are in
the form of semi-circular strips and a further area is applied between the thumb 108 and the
index finger 110. However, it will be appreciated that areas of coating of any shape and size
could be applied to a garment. For example, the reinforcing patches on the fingertips could be
solid areas of coating and areas could be applied between each finger. The coating could also
be applied to garments other than gloves. For example, an area of coating could be applied to
the heel of a sock and an array of smaller discrete areas could be applied to the sole.

[0084] Figure 11 illustrates the steps of applying the discrete areas of a polymer coating of
Figure 10 to the layer of coagulated polymeric foam of a garment. After the gloves have been
produced using the method of Figure 3, the foam-coated gloves are washed with a solution of
cold water and detergent at step 310 to remove any residual coagulant left in the glove
coating. This removal of any residual coagulant is important for achieving good adhesion
between the dots and the foam coating. The gloves may be washed by immersion into a
bath/trough of the water and detergent or alternatively, jets of water and detergent may be
sprayed onto the gloves through nozzles such as those in spraying station 52 used in an
earlier step of glove production. At step 312 the gloves are partially dried at a temperature of
between about 50°C and 70°C until damp. The damp condition of the gloves further improves
the adhesion of the dots to the foam coating.

[0085] In order to apply the dots, the partially dry gloves are dressed onto flat formers, shown
at step 314. A dot coating can then be applied at step 316, either manually or using a machine.
The thickness of the dot coating applied should be around 0.2-2.0mm. The dotting compound
may be one of a number of suitable polymeric materials such as nitrile latex, natural latex, PU
latex, latex or a blend of two or more of these and should have a viscosity of about 100 to 400
poise.

[0086] At step 318 the dotted gloves are cured in an oven, such as oven 44 for a period of
between 30 and 45 min at a temperature of 60°C -140°C. Alternatively, the dot coating may be
cured in two stages. The first stage comprises 15-30 min at 60°C-80°C and the second
comprises 20-40 min at 120°C-150°C. The thickness of the dot coating after curing is reduced
to around 0.05- 1.0mm. Latex polymers are used because they cure at lower temperatures
than the PNC known to be used for the dots on prior art gloves. Latex polymers are also known
to have better abrasion resistance than PNC. The final stage of the dotting process, shown at
step 320, involves manually stripping the glove from the dot former. The resulting thickness of
the foam coating and dot layer of the finished glove is around 0.3-1.8mm.

[0087] Figure 12 illustrates the layers of substrate 112, porous coagulated foam 114 and
polymeric coating 116. Dots applied to prior art gloves can be easily rubbed off due to the poor
bonding between the dots and the coating. However, the porous foam coating 114 of the
gloves according to this invention means that material of the dots 116 extends through the
pores 118 in the foam 114 and anchors itself to the foam coating 114, improving the bonding
between the dots and the coating. There are a number of parameters controlling the bonding
between the liner and the dots. These include:
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1. i. the formulation of the polymeric material;

2. ii. the formulation of the polymeric foam;

3. iii. foam density;

4. iv. the temperature and time period for curing the dot coating;
5. v. the viscosity of the dot coating; and

6. vi. weight and construction of the garment or garment material.

[0088] It will be appreciated that any of these factors may be varied to achieve the optimum
bonding.

Method 1.

[0089] On line treatment as part of production of a garment on a mould.

[0090] After the excess and partially coagulated foamed polymer is removed from the garment
by showering, according to the method of the present application, the additional dressing
treatment step may be done to add a dressing composition that imparts cooling and
antiperspirant properties to the garment.

1.Wash by spraying to remove residual coagulant
2. Partially dry for 5 mins at 80 deg C

3. Dip in to a bonding solution 1 to 5 percent solution of PVA in water. SBR EVA(PU or NBR) or
blends of bonding agents can be used.

4. Drain for 5 mins at ambient temperature.

5. Dip and dwell for § mins into Formula A maintained between 50 - 85 deg C

6. Withdraw and drain for 5 mins.

7. Dry in an oven for 20-30 mins at 60deg C

8. Dip and dwell for 5 mins into Formula B maintained between 50-85 degC

9. Withdraw and drain for 5 mins

10. Continue with standard production passing through main curing as detailed in the patent
11. Garments are stripped from formers and washed to remove impurities.

12 Since the dressing composition can withstand very many washings the effectiveness is not
affected.
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[0091] Washing to remove unwanted impurities isn't affected by the washing

[0092] Alternatively the garments at 5 can be dipped into an equal blend of Formula A and B
and steps 8 and 9 omitted

Method 2.

[0093] Off line after treatment of finished garments produced by our patented method and
removed from moulds.

[0094] Wash the garments for between 20-40 mins in Formula A maintained between 50-85
°C with rotation very 5 - 10 mins.

Garments are spin dried for 2-5 mins.

Garments are dried for 20-40 mins between 40-80 °C.

Follow the same procedure using Formula B

[0095] Alternatively the garments can be washed in an equal blend of Formula A and B and
following the steps 1 to 3 as above.

Formula A.

[0096] Hot water (50-85 °C)
Textile Binder 1-2 gm/L
Blend of Encapsulated Cooling Essential Oils 2-5gm/L

Encapsulated essential oils comprise the essential oil or blend of essential oils and a shell or
coating encapsulating the essential oils.

Formula B.

[0097] Hot water (50-85 ° C)

Blend of Encapsulated Antiperspirant Essential Oils 2-5 gm/L

Encapsulated essential oils comprise the essential oil or blend of essential oils and a shell or
coating encapsulating the essential oils.

[0098] When gloves were treated according to the above methods the total amount of
encapsulated essential oils and bonding agent (binder) that stuck to each pair of gloves is
about 0.088gms. That can be broken down as follows:

[EO | 0.0366 g |
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AO 0.0366 g
Binder 0.0146 g

[0099] The amount of encapsulated essential oils and bonding agent (binder) per sq mtr of
surface were:

EO 0.340 g /sgmtr
AO 0.340g/sgmtr
Binder 0.136 g/sgmtr

Testing of gloves with and without dressing compound

[0100] Gloves were tested while carrying out a manual activity inside a heated climate
chamber. Thermal images were taken of the test subject's hands before, during and after this
manual activity in order to observe any notable trends. The thermal comfort of the hand was
assessed using thermal images and a subjective questionnaire and, the perspiration of the
hand and moisture uptake of the gloves were monitored by monitoring the mass gain of the
gloves throughout a 45 minute manual task at 27°C and 60%rh. The combination of a
subjective questionnaire and quantitate data from the mass gain and thermal images obtained
from two subjects showing the differences between the two gloves.

[0101] Two different variations of the same style of glove were submitted; Maxiflex 34-87A and
Maxiflex Ultimate 34-874. The first samples had been treated and were to be directly
compared to the untreated sample whilst carrying out the same task in the same conditions.

Method

[0102] The submitted samples were conditioned for 48 hours at 23°C and 50% relative
humidity (rh), the environmental chamber where the testing was completed was set to 27°C
and 60% rh. The subject entered the chamber and donned the gloves which had been
weighed individually at the start of the test, Questions 1 and 2 from the questionnaire were
asked regarding initial impressions of the glove. The subject then began the manual task of
putting bolts into a peg board, securing them with washers and bolts and then tightening them
up using spanners.

[0103] The test board, shown in figure 14, was made up of 12mm MDF with 15 holes in it to
allow for 15 12mm nuts, bolts and washes to be affixed. The subject was instructed to fill the
board completely with the 15 bolts and washers provided and then once completed remove the
bolts and washers, this task was repeated for a 15 minute period. After 12 minutes of the 15
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the subject answered Questions 3-7 whilst continuing to complete the task, once the fifteen
minutes were up the gloves were removed and weighed individually whilst Question 8 was
answered and thermal images of the right and left hands were taken.

[0104] The same method was carried out for the second pair of gloves and the second test
subject. In conjunction with the Questionnaire any additional comments made by the subject
were documented to allow for comparisons to be made between the two subjects' opinions of
the gloves during the task.

Results and Discussion

[0105] The gloves were repositioned on the hand and Question 9 was answered then the task
was started again for the second 15 minute period. After 12 minutes Questions 10-14 were
asked and after the completed 15 minutes the gloves were removed and weighed individually
whilst Question 15 was answered and thermal images of the right and left hands were taken.
The gloves were repositioned on the hand and Question 16 was answered then the task was
started again for the third 15 minute period. After 12 minutes Questions 17-21 were asked and
after the completed 15 minutes the gloves were removed and weighed individually whilst
Question 22 was answered and thermal images of the right and left hands were taken.

[0106] Thermal images of the left hand of subject 1 at the start of the test, after 30 minutes
and at the end of the test using a treated glove and an untreated glove are shown in figure 15.
As can be seen, the image of the hand in both the untreated and the treated gloves at the start
of the test show mostly blue and green colours indicating that the hand was cool. The hand of
the subject in the treated glove was slightly warmer at the start of the test as can be seen from
slightly more green colouring on the thermal images. This is due to natural variation of the
temperature of the hand. After 30 minutes of the test the image showing the hand when using
the treated glove shows mainly green and yellow areas, while the image showing the hand
when using the un-treated glove shows mainly red and some yellow areas. Even though the
hand in the treated glove had been slightly warmer than the hand in the untreated glove at the
start of the test, the thermal images show markedly more heating of the hand in the untreated
glove after 30 minutes compared to the hand in the treated glove. This indicates that the hands
of the subject were much warmer after 30 minutes wearing the untreated gloves compared to
the treated gloves. The images of the subject's hands at the end of the test in treated gloves
shows mainly green and yellow areas similar to those in the image taken after 30 minutes with
the treated glove. The image of the subject's hand at the end of the test in the untreated glove
shows mainly red and some yellow areas similar to the image taken in the untreated glove
after 30 minutes. This indicates that the subject's hands were much cooler after 30 minutes
and at the end of the test when he wore treated gloves to carry out the manual task compared
to when he wore untreated gloves.

[0107] The questionnaires allow for subjective results to be combined with the objective data
collected from the weight recordings and thermal images taken giving an overview as to which
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glove performed the best during testing.

Discussion

[0108] The treated and Un-treated gloves referenced Maxiflex 34-87A and Maxiflex Ultimate
34-874 in size 9 were evaluated using an ergonomic assessment on two subjects in a climate
chamber at 27°C and 60%rh to measure the mass gain from perspiration and thermal imagery
to calculate the heat build-up during the ergonomic assessment.

[0109] The evaluation was separated into two sections ergonomic assessment in terms of
physically placing and removing nuts and bolts dexterity test whilst answering a questionnaire
relating to the comfort and cosseting effect of the gloves whilst undertaking the ergonomic test.
To give some indication of perspiration the gloves were weighed every 15 minutes during the
test and thermal image taken of the subjects hands.

[0110] Feedback from the questionnaire showed none of the test subjects felt unpleasant
levels of moisture in the treated gloves during the ergonomic dexterity test.

[0111] On reviewing both the moisture gain measurements and the thermal images taken
during the tests, the moisture gain between the treated and un-treated gloves. The treated
glove showed a reduction in moisture uptake of more than 50% compared with the un-treated
glove, this was also confirmed by the thermal images of the hands taken during the 45 minutes
test, showing a clear decrease in heating with the treated gloves compared to the untreated
gloves.

Evaluation of Reduction of Hand Perspiration with an Industrial Glove Test Product

Testing to determine the reduction of hand perspiration with an industrial glove test
product.

[0112] The samples tested were Gloves Style: Maxiflex Ultimate Code: 34-876 Size: 09 Date:
02/04/2013 S.R.No: Non Treated and Advanced Technology Gloves Style: Maxiflex Ultimate
Code: 34-876 Size: 09 Date: 2013/04/02 S.R.No: Treated Formula A and Formula B was
received from ATG Ceylon(Pvt) Ltd.and assigned AMA Lab Nos.M-9445 and M-9446
respectively.

[0113] Number of subjects enrolled 10
Number of subjects completing study 10

Age Range 21-56 years
Sex Male 10
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Race

Caucasian

Hispanic

Procedure

[0114] The gravimetric method was utilized to determine the efficacy of the antiperspirant

product.

Hand Examination

[0115] Subjects were screened for hand irritation prior to being accepted in the study.

Baseline Sweat Collection

[0116] During the first 40 minutes of the sweat stimulation period, the subjects wore the

untreated gloves. The warm up period was followed by a 20 minute baseline sweat collection.
Subjects producing 100 mg or more of sweat / 20 minutes / hand were inducted into the study.

Supervised Washes

[0117] Supervised washes were conducted after Baseline sweat collection followed by one

hour dry time.

[0118] The subjects were instructed to wash according to the following procedure. Wash both
hands for 10 seconds using liquid Ivory soap. Rinse both hands thoroughly until all soap is

removed. Gently pat dry both hands using a dry disposable towel.

Treatment Assignment/Application

[0119] For each subject the assignment of the treated gloves to right or left hand was
randomized (refer to table A). Treated glove was assigned to one hand while the contralateral

hand was assigned untreated glove.

[0120] All subjects were instructed to flex their hands 5 times per minute during the test period
to simulate hand movement.

Table 3



DK/EP 3023538 T3

Treatment Randomization Schedule

AMA
Lob
Nos.:

M-9445

M-9446

Advanced Technology Gloves Style:

Advanced Technology Gloves Style:

untreated gloves).

Client {Maxiflex Ultimate Code: 34-876 Maxiflex Ultimate Code: 34-876
Nos.: {Size: 09 Date: 02/04/2013 S.R.No: {Size: 09 Date: 2013/04/02 S.R.No:
Non Treated Treated
Subject
ID
68 6787 {Left Hand Right Hand
27 8204 Right HandjLeft Hand
64 4259 {Left Hand Right Hand
50 1810 Right Hand{Left Hand
60 0557 {Left Hand Right Hand
72 8511 Right Hand{Left Hand
48 4541 {Left Hand Right Hand
94 4890 Right HandjLeft Hand
70 3866 {Left Hand Right Hand
42 4991 Right Hand{Left Hand
Table 4
Step 1 Medical Screening followed by baseline sweat collection wearing
untreated gloves.
Step 2 {Hand wash followed by One hour wait and dry time.
Step 3 Sweat Collection | and Sweat Collection Il (application of treated vs.

Sweat Stimulation

[0121] Sweating was induced in a constant temperature (100°F +/-2°F) and humidity (35% +/-
5% Rh) controlled test chamber. The temperature and humidity condition in the hot room was

recorded.

Sweat Collections

[0122] During the first 40 minutes of the sweat stimulation period, the subjects wore the
untreated gloves. This preliminary warm-up period was followed by two 20 minute sweat
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collection period, during which the subjects were assigned untreated glove to one hand while
the contralateral hand was assigned the treated glove. All subjects were instructed to flex their
hands 5 times per minute during the test period to simulate hand movement.

[0123] These gloves were weighed in zip-lock storage bags before and after use. During the
sweat stimulation and collection periods, the subjects were required to, sit in an erect position
with both feet flat on the floor and with their arms resting against their sides in a symmetrical
manner. Insertion and removal of the weighed gloves was conducted by laboratory
technicians. The process was carried out at approximately 5 minute intervals as the technician
moved from subject to subject in the test chamber.

Data Treatment

[0124] The ratio of test hand perspiration to control hand perspiration, adjusted for the ratio of
right-to-left hand sweating rate, is defined for each subject by the formula:

Z= (PC x T)/(PT x C)

Where Z is the adjusted perspiration ratio, PC is the pre-treatment measure of moisture for the
hand with untreated gloves, PT is the pre-treatment measure for the test hand, T is the treated
measure for the test hand, and C is the corresponding quantity for the hand with untreated
gloves.

[0125] Mean and median values were calculated to measure the central tendency of the
adjusted perspiration ratio (Z) values.

[0126] No adverse effects or unexpected reactions were seen in any of the subjects.

[0127] Results are shown in table 5. Within the limits imposed by the conduct and population
size of the study described herein, the average amount of hand perspiration with the treated
gloves (AMA Lab. No.: M-9446; Client No.: Advanced Technology Gloves Style: Maxiflex
Ultimate Code: 34-876 Size: 09 Date: 2013/04/02 S.R.No: Treated) was significantly less than
the average amount of hand perspiration with the untreated gloves (AMA Lab. No.: M-9445;
Client No.: Advanced Technology Gloves Style: Maxiflex Ultimate Code: 34-876 Size: 09 Date:
02/04/2013 S.R.No: Non Treated).

[0128] The average % Adjusted Reduction in the amount of sweat collected with the treated
gloves was 30.04% justifying the conclusion that the test material (AMA Lab. No.: M-9446;
Client No.: Advanced Technology Gloves: Maxiflex Ultimate Code: 34-876 Size: 09 Date:

2013/04/02 S.R.No: Treated) qualifies as an extra-effective antiperspirant glove test product.
Table 5

inis
n
34.67%

242.8| 34.31%
24.28%

374.9] 35.29%
21.77%.

130.4{ 34.89%

278:12:

30,72%

333.1| 32.93%
33.66%

356.5|  24.05%

]| Average'%
Adjusted

Reduction
30.04%

Glove - | Perspiratio

el
9485

PRODUCT
{Sweat Collection fand 11}
b Placeso

4[265.3

9{159.8

6/182.8

71348.2

1{406:6
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[0130] Gloves Maxiflex 34-874 - Treated with cooling and antiperspirant encapsulated
essential oils (Formula A and Formula B) were received on the 22nd January 2013 for

assessment of antibacterial properties in accordance with AATCC 100:1993

[0129] AATCC 100:1993 antimicrobial testing on gloves described as Maxiflex 34-
antibacterial finishes on textile materials.

with Formula A and Formula B above.

Antimicrobial Testing
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[0131] The microbiological testing was carried out by an external laboratory and the findings
were reported under their reference 73M39.

SAMPLES RECEIVED:

[0132] Maxiflex 34-874 - Treated CONCLUSION:

The glove samples described above were analysed in accordance with AATCC 100:1993 and
were found to Kkill greater than 99.999% of bacteria when innoculated with Staphylococcus
aureus and Klebsiella pneumonia after an exposure time of 24 hours. Full results are included
in the table below.

TEST ORGANISMS:

[0133] Staphylococcus aureus ATCC 6538 Klebsiella pneumonia NC09633

MEDIA:

[0134] Due to the nature of the product, 0.1 ml of inoculum was added to a 20x20mm test
specimen. Testing was performed on the palm areas of the gloves only. The Recovery medium
was supplemented with 3% Tween 80 + 0.3% Soya Lecithin.

Table 6
Recovery per test piece % Reduction
(cfu) (minimum)
Sample Replicate S K S aureus K
aureus .
pneumonia ATCC .
ATCC 6538 NC09633 6538 pneumonia
Ino cul 3.2x107 3.1x10'
1 <10 <10
2 <10 <10
>99.999 >99.999
Maxiflex 31 874 3 <10 <10
Treated gloves 4 <10 <10

[0135] Figure 19 shows schematically the layer structure of the garment material with dressing
compounds stuck to it. Layer 10 is a substrate material. This may be a woven or knitted fabric,
for example a woven or knitted cotton or man-made fibre fabric or a woven or knitted fabric of
mixed fibres, for example a mixture of knitted nylon or a blend of 95% nylon and 5% lycra.
Figure 16 shows the fibres in detail with the encapsulates bonded to them. Layer 11 is a
polymeric foam material adhered to the substrate material, having an open pore structure and
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having many depressions on the exposed surface away from the substrate material. The open
pore structure and depressions are formed by polymerizing the foam starting at the side that is
in contact with the substrate material. When a sufficient thickness of polymeric foam has
polymerized on the substrate material the excess un-polymerized foam is removed to expose
the outermost layer of polymerized foam. The exposed surface formed by removing excess
un-polymerized foam contains bubbles that are broken open and leave depressions and
recesses in the exposed surface of the foam. The polymeric foam layer does not have a skin
formed on the exposed surface. This foam layer, with the encapsulates bonded to it, is shown
in more detail in the images of Figures 17 and 18.

[0136] Layer 15 is a layer of bonding agent on the inner surface of the substrate material. The
layer of bonding agent may be much thinner than shown in Figure 19. The layer of bonding
agent may cover the whole surface of the substrate material as a thin layer or the bonding
agent may only be present in discrete sections that exist between the particles of encapsulated
essential oils and the surface of the substrate material. In particular, as shown in Figure 16, the
encapsulates may be substantially smaller in diameter than the fibres of the substrate, and the
bonding agent may bond the individual encapsulate particles to the surface of the fibres of the
substrate. The bonding agent may be any suitable bonding agent, such as a bonding agent
that is not harmful in contact with the skin. For example, the bonding agent may comprise one
or more of polyvinyl alcohol (PVA), polyurethane (PU), nitrile rubber (NBR), PVA, styrene
butadiene (SBR) and/or ethylene vinyl acetate (EVA). Encapsulated dressing compounds 12
are stuck to the inside of the substrate layer in the bonding agent. The dressing compounds
may comprise cooling or anti-perspirant essential oils or mixtures of cooling and/or anti-
perspirant essential oils. The dressing compounds may be encapsulated essential oils, for
example particles comprising a liposome or polymer shell with one or more essential oils
inside.

[0137] Layer 16 is a layer of bonding agent on the exposed surface of the polymeric foam
material. The layer of bonding agent may be much thinner than shown in Figure 19. In
particular, as shown in Figures 17 and 18 the bonding agent may coat the internal surfaces of
the cavities and depressions in the surface of the foam material, as well as the external
surfaces of the foam material. The layer of bonding agent may cover the whole of these
surfaces of the polymeric foam as a thin layer, or the bonding agent may only be present in
discrete sections that exist between the particles of encapsulated essential oils and the surface
of the polymeric foam. The bonding agent may be the same bonding agent that is on the inner
surface of the substrate layer. The bonding agent 16 may be any suitable bonding agent, such
as a bonding agent that is not harmful in contact with the skin. For example, the bonding agent
may comprise one or more of polyvinyl alcohol (PVA), polyurethane (PU), nitrile rubber (NBR),
PVA, styrene butadiene (SBR) and/or ethylene vinyl acetate (EVA). Dressing compounds 13
and 14 are stuck to the exposed surface of the polymeric foam material by the bonding agent,
and also to the internal surfaces of the cavities and depressions in the surfaces of the foam
material. The dressing compounds may be stuck on the outer part of the exposed surface 13
and within the depressions and recesses in the exposed surface of the polymeric foam 14.
This is advantageous because dressing compound that is stuck within the depressions and
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recesses in the polymeric foam are less likely to be rubbed off the surface when the garment
material is used. Also, as the encapsulate particles are of a significantly smaller scale than the
cavities and depressions, those cavities and depressions can remain open and substantially
un-filled, so that the foam can retain its absorbent properties. The dressing compounds may
comprise cooling or anti-perspirant essential oils or mixtures of cooling and/or anti-perspirant
essential oils. The dressing compounds may be encapsulated essential oils, for example
particles comprising a liposome or polymer shell, for example of melamine or gelatine, with one
or more essential oils inside.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
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Patentkrav

1. Fremgangsmade til fremstilling af klaademateriale, hvilken fremgangsmade har

trinnene:
a) at tilpasse et substrat pa formen;

b) at pafgre en koagulant til substratet og derefter pafgre et lag af skum af
et polymermateriale til substratet;

c) at tillade koagulanten at koagulere noget af skummet i en kontrolleret
periode, saledes at en underside af laget af skumpolymermateriale, som er
taettest pa substratet, koagulerer for at danne et koaguleret lag og en
udvendig del af skumlaget ikke koagulerer og danner et ikke-koaguleret

lag;

d) at fjerne det ikke-koagulerede skumlag fgr en filmhud kan dannes pa
laget af skum, for at efterlade et sammenhangende, porgst og andbart
koaguleret lag af polymermateriale pa substratet, og

e) at fjerne kleedematerialet omfattende substratet og det koagulerede
polymermateriale fra formen, og hvor fgr og/eller efter trin e), et eller flere
bindingsmidler og en eller flere appreturforbindelser pafgres til
klaedematerialet sdledes at appreturforbindelserne bindes til overfladen af
kleedematerialet, hvor appreturforbindelsen er en blanding af essentielle

olier.

2. Fremgangsmaden ifglge krav 1, hvor bindingsmidlerne pafgres fgr
appreturforbindelserne pafgres og/eller pd samme tid som appreturforbindelserne
pafgres og/eller hvor to eller flere appreturforbindelser pafgres sekventielt eller

simultant.

3. Fremgangsmaden ifglge et hvilket som helst af de foregaende krav, hvor
bindingsmidlerne er en vaeske eller oplgsning omfattende en eller flere af
polyvinylalkohol (PVA), polyurethan (PU), nitrilgummi (NBR), styrenbutadien
(SBR) og/eller ethylenvinylacetat (EVA) og/eller hvor appretursammensaetningen
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2

er en flydende suspension omfattende en eller flere forbindelser der tilvejebringer
en antiperspirerende og/eller kglende effekt til klaedematerialet.

4. Fremgangsmaden ifglge et hvilket som helst af de foregédende krav, hvor:

i) et eller flere bindingsmidler pafgres ved at dyppe, vaske eller
gennemvaede klaedematerialeti en 1 til 5 % oplgsning af PVA, PU eller
NBR, og eventuelt en eller flere appretursammensaetninger, i vand og at

tillade det at draene;

i) en eller flere appreturforbindelser pafgres ved at dyppe, vaske eller
gennemvaede klaadematerialet i en appretursammensaetning, eksempelvis
en suspension omfattende 2 til 5 gram af indkapslede essentielle olier per
liter vand ved mellem 50 °C og 80 °C;

iii) at tillade overskydende vaeske at drane fra kleedematerialet;

iv) eventuelt at gentage trinnene ii) og iii) med en forskellig

appretursammenseaetning.

5. Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor den
kontrollerede periode er saledes at klaedet eller klaedematerialet, nar udsat for en
temperatur pa 20+2 °C og en relativ fugtighed pa 65 £ 2 % i 265 minutter, vil
indeholde mellem 1,0 mg og 8,5 mg vand per cm2 af kleedematerialet;

6. Fremgangsmaden ifglge krav 1, hvor substratet omfatter strikket nylon eller en
blanding af 95 % nylon og 5 % lycra.

7. Fremgangsmaden ifglge et hvilket som helst af de foregaende krav, omfattende
trinnet at nedsanke substratet i vand for at fjerne koagulant efter trinnet at
fjerne det ikke-koagulerede skum fra substratet og/eller omfattende trinnet at
tarre substratet efter trinnet at nedsanke substratet i vand og/eller hvor
koagulanten er en vandig oplgsning af en eller flere elektrolytter eller hvor
koagulanten er en alkoholisk oplgsning af en eller flere elektrolytter og/eller hvor
polymermaterialet omfatter mindst én af: nitrillatex, naturlig latex,

polyurethanlatex, polyvinylchloridlatex, neopren og polyvinylacetat.
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8. Fremgangsmaden ifglge et hvilket som helst af de foregédende krav, yderligere
omfattende trinnet at pafgre en coating i et array af saerskilte omrader til laget af
koaguleret polymermateriale, hvor coatingen eventuelt kan omfatte mindst én af:
nitritlatex, naturlig latex, PU-latex og latex.

9. Fremgangsmaden ifglge et hvilket som helst af de foregédende krav, yderligere
omfattende mindst ét af trinnene: at vaske kleedematerialet for at fjerne rester;
at delvist tgrre kleedematerialet;

at tilvejebringe en arraydanner; og

at appretere klaadematerialet pa arraydanneren fgr pafgring af coatingen; og
derefter at haerde laget af coating; og

at afstrippe klaedematerialet fra arraydanneren.

10. Klzedemateriale omfattende et substratlag og et koaguleret lag af
polymerskummateriale med en &ben porestruktur bundet til substratlaget, hvor et
bindemiddel og en eller flere appreturforbindelser er klaebet til overfladen af
substratlaget og/eller overfladen af det koagulerede lag af polymermateriale
eventuelt hvor kleedematerialet, nar udsat for en temperatur pa 20+ 2 °C og en
relativ fugtighed pa 65 + 2 % i 265 minutter, vil indeholde mellem 1,0 mg og 8,5
mg vand per cm? af kleedematerialet, og hvor appreturforbindelsen omfatter en
blanding af essentielle olier.

11. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9 eller
kleedematerialet ifglge krav 10, hvor blandingen af essentielle olier omfatter
kajeput-, cypres palmarosa-, rosen-, geranium-, fyrre-, lavendel-, enebaer-,

salvie-, troldngd-, cistusrose-, tetrae-, eukalyptus- og/eller basilikumolie.

12. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9 eller
kleedematerialet ifglge et hvilket som helst af kravene 10 eller 11, hvor
appreturforbindelsen omfatter en blanding af indkapslede essentielle olier.

13. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9, 11 eller 12
eller kleedematerialet ifglge et hvilket som helst af kravene 10 til 12, hvor
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blandingen af essentielle olier omfatter en kglende essentiel olie valgt fra gruppen
bestaende af kajeput-, cypres palmarosa-, rosen-, geranium-, fyrre- og/eller

lavendelolie.

14. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9, 11 eller 12
eller kleedematerialet ifglge et hvilket som helst af kravene 10 til 12, hvor
blandingen af essentielle olier omfatter en antiperspirant essentiel olie valgt fra
gruppen bestdende af enebaer-, salvie-, troldngd-, cistusrose-, tetrae-, eukalyptus-
og/eller basilikumolie.

15. Klzedematerialet ifglge et hvilket som helst af kravene 10 til 14, hvor
bindemidlet omfatter PVA, PU, NBR og/eller EVA.
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