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ANTIMICROBIAL POLYMER MATERIAL AND ITS USE

Field of the invention

The present invention relates to the field of polysaccharides, especially to providing mi-
crobistatic, i.e. bacterio- and fungistatic properties to said polysaccharides so that micro-
bial growth in said polysaccharide and the microbial degradation of the polysaccharide is
prevented or blocked. According to the invention, the polysaccharide is blocked from
microbial degradation, i.e. splitting of the saccharide chain, by introducing therein a
blocking group, namely a carbamate group. Such “blocked” polysaccharides can find a
variety of uses in instances where antimicrobial and microbistatic properties are of impor-
tance, such as in hygiene and healthcare and medical applications. The invention can also
be used for imparting degradation preventing properties to polysaccharides, for example
to cellulose based products, such as wood, or wood and paper and viscose fibers, by sub-
jecting said products to a treatment imparting the desired blocking properties to the prod-

uct by introducing a blocking group in a saccharide unit.

Background of the invention

Cellulose has been converted to cellulose carbamate by means of urea and an alkaline
agent in order to render the cellulose soluble. The cellulose is then regenerated from the
cellulose carbamate for the formation into various final cellulose products in the form of,
for example, fibers, films or membranes. However, cellulose carbamate is a chemically
stable cellulose derivative, which also can be used as such, for the formation of various

products.

It is known that various products like textile fibers, films etc., can be formulated by spin-
ning or extruding an alkaline water based solution of cellulose carbamate into the desired
form in such a manner, that first, the cellulose carbamate is precipitated from the solution
by extruding/spinning the alkaline solution into either suitable acid- or suitable salt solu-
tion. Regenerated cellulose may be formed by further treatment of the precipitated prod-

uct in order to remove the carbamate groups.
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It is known to impart microbistatic and antimicrobial properties to cellulose-based mate-
rials such as fibers and fabrics, but according to such known methods a per se antimicro-
bial agent or additive is incorporated with the material. Thus for example, US patent
3,594,113 suggests the use of e.g. hexachlorophene as a bacteriostatic agent, which is
complexed with a zirconium salt and a finish of the cross-linking wash-wear type. The
cross-linking agent can be e.g. dimethylol methyl carbamate. ). In US patent application
publication no. 2005/0035057, a cellulose carbamate sponge impregnated with silver ni-
trate and possessing antibacterial properties is disclosed.

There is also a number of publications describing the use of carbamate compounds for

providing wrinkle and crease resistant finishes to textiles (US 3,606,994, US 3,450,485.

Summary of the invention

The present invention relates to a method of imparting microbistatic properties to a poly-
saccharide, or to a polysaccharide containing product, for example a natural or man-made
composite structure, like, e.g., wood, wood pulp, non-wood pulp, fiber webs, fabrics, or
regenerated cellulose or products made thereof, by introducing covalently bound car-
bamate groups in the polysaccharide chain. According to the invention, the microbistatic
properties are thus a result of modifying the polysaccharide to comprise carbamate

groups.

The invention is also directed to the use of a polysaccharide carrying carbamate groups
covalently bound to the polysaccharide chain as a microbistatic material, and in the
manufacture of a product or material having microbistatic properties due to carbamate

groups covalently bound to a polysaccharide chain.

The invention is also related to a method of preparing various microbistatic products from
cellulose carbamate by spinning, extruding, casting etc. the dissolved cellulose car-
bamate, i.e. without regenerating the cellulose component. The carbamate groups in poly-

saccharide will thus provide the desired antimicrobial property to the product made.
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Detailed description

The polysaccharide backbone that can be used according to the invention is derived from
at least one natural polysaccharide selected from the group consisting of cellulose, hemi-
cellulose, starch, pectine, amylopectine, and amylose. A preferred polysaccharide is cel-
lulose. The cellulose can be in the form of cellulose fiber pulp, such as paper fiber or vis-
cose (dissolving) fiber. It may appear, for example, as sulfate pulp, sulfite pulp, return
fiber, CTMP pulp, TMP pulp, mechanical pulp or refiner pulp. The polysaccharide mate-

rial can also originate from natural fiber sources like cotton or linen (flax).

The polysaccharide to be treated in order to introduce the carbamate group can be in any
form. Possibilities range from the case of a free polymer molecule to a polysaccharide in
a piece of wood or timber. In the latter case, the polysaccharide is thus treated when pre-
sent in the wood fiber, especially at a surface areca of said wood or timber. Such wood
products or pieces of wood or timber to be treated are typically wood to be used for con-
struction purposes, such as veneer or boards, such as particle board, planks, beams, bat-
tens, pillars and posts. Such fiber polysaccharides can be made microbistatic by treating
the said fibers in order to incorporate into a monosaccharide unit a carbamate group in

order to provide such wood with anti-rot properties and/or to make them decay resistant.

The invention also contemplates carbamation of pure regenerated cellulose, for example
in the form of a membrane, fabric, textile fiber or filament, as a way of providing micro-

bial protection to the said regenerated cellulose.

Microcrystalline cellulose, used in various applications e¢.g. in the pharmaceutical indus-
try, may be carbamated to obtain microbistatic properties, and used according to the pre-

sent invention.

Carbamates are chemically defined as esters of carbamic acid or its N-substituted deriva-
tives. In the polysaccharides according to the invention, the carbamic acid typically forms
an ester with a hydroxyl group in a monosaccharide unit, providing a substituted mono-

saccharide having the formula
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MS - O — C(=0) - NH,

wherein MS symbolizes a monosaccharide unit in the polysaccharide, a hydroxyl group
of which forms an ester group with the carbamic acid, namely the carbamate group— O —

C(=0) - NHa.

In the anhydroglucose units of cellulose, and in the corresponding monosaccharidic unit
of other polysaccharides, the position of substitution of the carbamate group is preferably

at a primary hydroxyl group.

According to one embodiment of the invention, the polysaccharide is cellulose in which
case the carbamate group is preferably substituted to the hydroxyl group in the position 6
of the anhydroglucose unit of cellulose, while a carbamate group also can be formed to

hydroxyl groups in carbon atoms number 2 and 3.

The degree of substitution (DS), i.e. the number of carbamate groups per one monosac-
charide (or one anhydroglucose) unit can vary, the maximum degree of substitution being
the number of hydroxyl groups in the respective monosaccharide unit. Thus for example
in the case of the polysaccharide being cellulose, the maximum degree of substitution is
3; however for the purposes of the present invention, a suitable and sufficient degree of
substitution varies depending on the type of the polysaccharide substrate and the chemi-
cal accessibility of the hydroxyl groups for the substitution reaction. A degree of substitu-
tion (DS) of 0.3 thus means that there is on an average 3 carbamate groups for every 10

monosaccharide units.

For the purposes of the present invention, a suitable degree of substitution is in the range

0.05 to 1, preferably 0.25 to 0.4, more preferably 0.2 — 0.3.

For instance, a membrane made of regenerated cellulose can be made microbistatic by

adding less that 1 carbamate group on an average of 10 monosaccharidic units. A textile
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fiber made of regenerated cellulose requires a somewhat higher degree of substitution,
since it has higher amount of specific surface, which is accessible for microbes. Wood
pulp or paper made of such wood pulp typically requires a DS of 0.2 to 1.0, depending of
the amount specific accessible surface of the wood pulp and the desired level of mi-
crobistaticity. Wood has even less polysaccharide molecules which are accessible to mi-
crobes, and, accordingly, a lower DS is needed for blocking these polysaccharide mole-
cules against microbial degradation. When bleached wood pulp is used as the starting
material, the accessibility of the hydroxyl groups for the carbamation reagent is enhanced
by adding alkali to the water based suspension of wood pulp, thus allowing a higher de-
gree of substitution to be achieved. A degree of substitution in the range 0.25 — 0.4 makes
the wood pulp alkali soluble. An alkaline solution of cellulose carbamate can then be
processed to form fibers, films, membranes, etc. Microbistatic property can be achieved
by a lower degree of substitution. When a membrane of regenerated cellulose is car-

bamated, the DS may typically remain below 0.1, e.g 0.05.

The carbamate group can be introduced in the polysaccharide by known methods. Ac-
cording to one such method the polysaccharide, such as cellulose, is treated with urea in
an alkaline solution and then heated, whereby urea is converted to isocyanic acid, which
casily reacts with a hydroxyl group in the polysaccharide to form the carbamate group.
The product obtained can be further treated for example washed and dried, in a known

manner, to yield the desired polysaccharide carbamate.

By dissolving the polysaccharide carbamate, especially cellulose carbamate, in an alka-
line solution, the solution obtained can be spun to form a textile fiber, or extruded to a
film or membrane, by precipitating the polysaccharide carbamate as a stable product in an

acid or salt solution.

Thus, the invention also concerns a method of imparting microbistatic properties to a
product or a material comprising manufacturing said product or material from, or incor-
porating into said product or material a microbistatically effective amount of a polysac-

charide carrying covalently bound carbamate groups.
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According to the invention, the carbamate substituted polysaccharide or a polysaccharide
based structure such as wood, wood fiber, other plant fibers, can be used as a timber, fi-
ber pulp, fiber web or tissue, filament, fiber wool, for example for insulation purposes, as
a film, as a non-woven, a textile, a fabric, in paper and paper products, and paper board,

having microbistatic properties.

A typical use of a microbistatic polysaccharide according to the invention, or a product or
material comprising the same, is in hygiene and healthcare. Such uses include the use in
textiles and nonwovens for example for hospital gowns, sterilization bags, sheets and
linens, dressings, and other wound care materials, and wipes, including wet wipes, in
baby napkins and similar sanitary products in which a microbistatic and antimicrobial
effect is desirable. Other uses include the use of the polysaccharide carbamates as degra-
dation resistant insulation materials, such as in sheet form, or as insulation wools, made
from the said polysaccharide, such as cellulose carbamate fibers. Another conceivable use
is as filters, for example in vehicle and aircraft cabin air filters, and in cleaning and

household wipes.

Figure 1 shows alternative routes to products having properties according to the inven-
tion. Viscose pulp (dissolving pulp) prepared according to the state of the art may be
treated to yield cellulose carbamate, which may be directly converted into end-use prod-
ucts. The cellulose carbamate may also be dissolved as described above, and fibers, film
or other solid forms may be prepared by mild acid treatment. These solids forms may be
used to prepare end products. Acid treatment in stronger conditions splits off the car-
bamate groups to yield regenerated cellulose. Various degrees of incomplete regeneration
can be employed to control the degree of substitution. The regenerated cellulose is of
high purity and may be used as such, but may also be recarbamated to produce further

grades of cellulose carbamate to be converted into end products.

A further aspect of the invention contemplates the treatment of polysaccharides in the

form of fibers in a wood product or in timber, in order to introduce into the polysaccha-
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ride covalently bound carbamate groups as defined above. In this way it is possible to
provide wood and especially wood surfaces, such as veneers and boards, with an anti-
microbial finish, and thus improve their decay and degradation resistance and to impart
anti-rot properties thereto. In relation to the case of dissolving pulp, the degree of substi-
tution thereby remains lower, and a lower temperature and less severe chemical condi-
tions may be used for treating surface regions that are subject to microbial attack. In ply-
wood or similar laminated products, the treatment may, if desired, be limited to the sur-

face layers or a single surface layer.

The following examples illustrate the invention, without limiting the same.

Example 1

Dissolving pulp was disintegrated in water and treated with a solution containing 37 %
w/w of urea and 4,5 % w/w sodium hydroxide in water for twenty minutes. The sample
was there after drained and pressed to a consistency of 25-30%. Next stage was fluffing
and then drying of the sample in two stages at 70°C and 130°C. The dry sample was then
heated to 165°C for 30 minutes. The resulting cellulose carbamate disintegrated in water

at 5% suspension washed with water and dried.

Another sample of dissolving cellulose was only washed and dried.

Both samples were examined for microbial activity according to the TAPPI method T

449 om-90. The result of the examination was as follows:

Sample Heterotrofic number of colonies, mpy/g
Untreated dissolving grade 13490

sulfate pulp

Cellulose carbamate 5

From the results it is clear that the cellulose carbamate has a pronounced antibacterial

effect in preventing the growth of bacteria in the sample, relative to untreated cellulose.
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Example 2

Bleached paper grade sulfate pulp, containing a conventional amount of hemicellulose,
was treated with urea and sodium hydroxide in the same way as described in the Example

1. The sample was examined for microbial activity according to the TAPPI method T 449

om-90. The result of the examination was:

Sample Heterotrofic number of colonies,
mpy/g
Bleached paper grade sulfate pulp 79

carbamate

From the results, it is clear that the cellulose carbamate has a pronounced antibacterial

effect in preventing the growth of bacteria in the sample.

PCT/F12007/050296
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CLAIMS

1. Method of imparting microbistatic properties to a polysaccharide selected from the
group consisting of cellulose, hemicellulose, starch, pectine, amylopectine and amylase,

by introducing covalently bound carbamate groups into said polysaccharide.

2. The method according to claim 1, wherein the polysaccharide is a regenerated cellulose

or microcrystalline cellulose.

3. The method according to any one of the preceding claims, wherein the polysaccharide
is cellulose and the carbamate group is formed via the hydroxyl group in the 6-position of

the anhydroglucose unit forming the cellulose.

4. The method according to any one of the preceding claims, wherein the degree of sub-

stitution is in the range 0.05 to 1, preferably 0.25 to 0.4, more preferably 0.2 — 0.3.

5. The method according to any preceding claim, wherein the polysaccharide is in the
form of a fiber, such as in a cellulose, especially paper or viscose pulp, made of wood or
other plants, cotton, flax, linters, or in the form of a fibre in wood, such as in veneer or

board.

6. The method according to claim 1, comprising the additional steps ofisolating a car-
bamate substituted polysaccharide, and forming it into a fiber, filament, fiber wool, film,
membrane, non-woven, textile, fabric, paper, paper product, paper board, insulation fi-

bers, sheets or wools having microbistatic properties.

7. The method according to claim 1, wherein the polysaccharide is cellulose, and the
method comprises the additional step of dissolving the cellulose carbamate and forming
it, e.g. by extrusion, spinning or casting, into a regencrated cellulose carbamate product,

such as a fiber, filament, film or membrane.
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10

8. Method of imparting microbistatic properties to a material, comprising incorporating
into said material a microbistatically effective amount of a polysaccharide selected from
the group consisting of cellulose, hemicellulose, starch, pectin, amylopectin and amylase,

carrying carbamate groups covalently bound to the polysaccharide.

9. Use of a polysaccharide selected from the group consisting of cellulose, regenerated
cellulose, hemicellulose, starch, pectin, amylopectin and amylose, carrying carbamate
groups covalently bound to monosaccharide units of said polysaccharide, as a mi-

crobistatic material.

10. Use according to claim 9 wherein the polysaccharide is in the form of fiber, filament,
fiber wool, film, non-woven, textile, fabric, paper, paper products, paper board, wood

product, insulation fiber, sheet or wool.

11. Use according to claim 10 wherein the polysaccharide is in the form of cotton fiber or

flax fiber.

12. Use according to claim 9 in products and materials intended for healthcare and hy-
giene, including hospital and medical textiles, fabrics and nonwovens, dressings, sanitary

towels and napkins, diapers, or wipes.

13. Wood or timber product, wherein polysaccharides in the fibers of the wood or timber

material comprise covalently bound carbamate groups.

14. Use of a wood or timber product according to claim 13 as a rot-resistant material,

such as a rot-resistant construction material.
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