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The present invention relates to & biocidal self-adhesive comprising an adhesive containing an iso-
thiocyanate efficiently held therein to have bacteriostatic, bactericidal and antimicrobial properties and the
like, and & process for producing the same, as well as 2 self-adhesive article made by efficiently applying
such a seif-adhesive onto a support. Particutarly, the present invention relates to such a biocidal self-
adhesive which can be put to uses widsly intended for the purpose of providing bactericidal, fungicidal and
microblocidal effects in bullding and food-related fields and the like.

The present invention also relates to an iso-thiocyanate gradually-releasing sheet, as an application of a
self-adhesive article of the type described above, made by efficiently hoiding an iso-thlocyanate onto a
support such as & papsr, a non-waven fabric or the like through the medium of an adhesive or a low volatile
oily liquid, so that the sheet has antibacterial, bactericidal and antimicrobial propertias and the like, and
particularly, such an iso-thiocyanate gradually-releasing shest which can be put to uses widely Intended for
the purpose of providing bactericidal, fungicidal and microbiocidal effects in various fields such as building,
food-related and shoe insole fields.

Further, the present invention relates to a biocidal or freshness-maintaining self-adhesive shest, as
another application of a seif-adhesive article of the type described above, having antibacterial and
bactericidal properties and made by efficiently applying an adhesive containing an iso-thiocyanate held
therein onto a support, and fo a sterilizing and freshness-maintaining method using such a sheet for the
purpose of providing bactericidal, fungicidal and microbiocidal effects to a variety of materials to be
enclosed by the sheet, including food products such as vegetables and fruits, fresh foods, dried goods and
grains,

BACKGROUND ART

1t is known that an iso-thiocyanate contained In a mustard or a wasabi (i.e., Japaness horseradish) have
bacteriostatic and bactericidal actions, and any of synthetic and natural Iso-thiocyanates provides bace
teriostatic and bactericidal effects even at an extremely small concenetration of vapor thereof on the order
of 10-odd ppm to hundreds ppm. Before now after reporting of this fact, several attempts have been made
to adsorb the iso-thiocyanate to a poraus carrier such as clay minerals or to a surface of a film or a sheet to
industrially utilize the bacterostatic and bactericidal actions thereof, and a certain article made in such a
manner, 8.g.. a frashness maintaining material has been brought to market.

In the above prior art, however, it is impossible to ulilize the bactsriostatic and baclericidal actions of
the iso-thiocyanate profitably. This is because much of the iso-thiocyanate adsorbed in these methods
volatilizes off in the course of production of the article ar during storage of the article, because of its high
volatility, and consequently, an effective amount of iso-thiocyanate cannot be supported on a carrier,
Particulerly, when the iso-thiocyanate is adsorbed to 2 porous carrier, it is necessary to take a measure that
the iso-thiocyanate supported on a porous carrier is placed into a sack having a gradully releasing property,
because the releasing rate largely depends upon the temperature. When the iso-thiocyanate is adsorbed to
a film or a sheet, there Is encountered a problem that it is difficult to impregnate the film or the sheet with
an amount of iso-thiocyanate enough to exhibit an efficacy, but also it is difficult to control the gradually
reteasing.

The freshness maintaining means which has conventionally been used Is a vacuum pack, or Ageless
{Trademark) which is & deoxygenator consisting essentially of active iron oxide, for preventing the oxidation
and the propagation of bacteria. Howaver, with the vacuum pack, a special apparatus is required, and with
the Ageless, it is necessary 1o pack the Ageless together with a material 1o be packed. Many food products
such as breads, fishes, meats, box lunches, efc., are only packed with a film such as polyvinyliden chioride
and polyethylene (PE) films, or only placed into a container made of a polyvinyliden chioride or a
polyethylens. In this ¢ase, they are, of ¢course, not durable at room temperature and hence, it is necessary
to store them, tor example, in a refrigerator.

Thereupon, It Is conceived to utilize a freshness maintaining material made using the iso-thiocyanate,
but this is also accompanled by the above-described problems, resulling in a difficulty to put it to practical
uss,

DISCLOSURE OF THE INVENTION

The present inventors have repeated zealous studies and as a resuft, it have been found that by using.
as an adheslve, a polymer soluble in or swellable by an iso-thiocyanate, the iso-thiocyanatethe can be heid
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in the polyer by impregnation, with physical properties of the adhesive baing maintained, thus overcoming
the above-described problems.

A biocidal seli-adhesive according to the present invention comprises an adhesive impregnated with an
iso-thiocyanate to hold the latter therein, the adhesive consisting essentially of a polymer which is soluble in

& or sweilable by the iso-thiocyanate,

A process for producing a blocidal self-adhesive according to the present invention comprises the steps
of forming an adhesive layer from an adhesive consisting essentlally of a polymer which is soluble in or
swellable by an iso-thiocyanate, and impregnating the adhesive layer with the iso-thiocyanats.

Further, a self-adhesive article according to the present invention is made by applying a biocidal self-

10 adhesive of the type described above onto at least ene surface of a base material.

Examples of the adhesives consisting essentially of the polymer soiuble in or swellable by the iso-
thiocyanate include acrylic adhesives such as copolymers of one or more of acrylic and methacrylic esters
including n-butyl acrylate and methacrylate, hexyl acrylate and methacrylate, Iso-octyl acrylate and
methacrylate, 2-methoxysthyl acrylate and methacrylate, 2-ethylhexyl acrylate and methacrylate, decyl

15 acrylate and methacrylate, dodecy! acrylate and methacrylate, tridecy! acrylate and methacrylate, with a
functional monomer which is copolymerizable with such esters, such as acrylic, methacrylic, itaconic,
maleic and anhydrous maleic acids, hydroxysthyl acrylate, hydroxypropyl acrylate, acrylic amido,
dimethylacrylic amido, methylaminoethyl mathacrylate, and methoxyethy! acrylate end methacrylate; viny!
polymar adhesives such as ethyl-vinyl ether, propyl-vinyl ether, butyl-vinyl ether and 2-ethylhexyl-vinyl

20 ether; and rubber-bassd adhesives consisting essentiaily of natural rubbers and synthetic rubbers such as
stylene-isoprene-styleng block terpolymer, stylens-butadiene copolymer, polybutene and butyl rubbers.

The acrylic, rubber-based and viny! polymer adheslves can be selectively used, but it is preferred to
selectively use any one of the acrylic adhesives, A particulaly preferable adhesive is a copolymer of an
alky! acrylate or methacrylate having 4 or more carbon atoms in an alkyl group and a monomer which is

25 copolymerizable with such ester monomer, and a cross-linked copolymer is more prefarable.

Optionally, other additives may be incorporated into the adhesive, including tackifiers such as terpene
and petroleum resins; softners such as liquid peraffin, animal and vegetable oils, e.¢.. olive, soybean and
bovine oils and lard, polybutene, lower isoprene and wax; fillers such as fitanium oxide, zin¢ oxide,
aluminum methasilicate, calcium sulfate and calcium phosphate; water; emuisifiers such as sorbitan mono-

30 oleate, sodium lauryl sulfonate, emulsifier aids such as magnesium and aluminum stealates. it should be
noted that any of adhesives other than those described herein can be used, if they are capable of being
dissolved In an iso-thiocyanate or impregnated with an iso-thiocyanates by swalling to hold the iso-
thiocyanate therein,

The iso-thiocyanates which can be used are various esters immespective of aliphatic or aromatic type

85 such as the allyl and alkyl esters of Iso-thiocyani¢ acid, but particularly when the self-adhesive of the
present invention is intended for food products, & is preferred 10 use natural iso-thiocyanate containgd in an
extraction from a mustard and the like.

The adhesive is prelerably impregnated with an iso-thiocyanate to hold the latter thersin at a
concentration within a range of 0.1 to 50 % by weight based on the adhesive, and desirably to hold the isc-

40 thiocyanate therein in an amount of 0.1 g/m? or more. In impregnating the adhesive with an iso-thiocyanale,
the iso-thiocyanate may be mixed with a solvent or fatty oil having a good compatibility with the adhesive,
and the adhesive may be then impregnated with the resulting mhdure. The method for impregnating the
adhesive with the iso-thiocyanate is not limited and may be a gravure coating and a Mayer bar-coating, as
well as a spray coating, a curtain ¢oating, a stripe coating from a nozzle, an immersion, etc. It is preferable

45 that the impregnating process is carried out at a temperature of an atmosphere including the adhesive layer
in a range of room temperature or less.

Te produce the above-described biocidal self-adhesive, an adhesive promptly soluble in or swellable by
an iso-thiocyanaye because of its compatibility with the latter is applied 1o a gas-barrierable flim capable of
barriering the iso-thiocyanaye, such as an aluminum-deposited polyethylene terephthalate film, thereby

so forming an adhesive layer, and Impregnating the adhesive layer with the iso-thiocyanate. This process
ensures that an amount of iso-thiocyanate which Is not available in the prior art process can be supported
effactively. 1t should be noted that the gradual releasing of the iso-thiocyanate ¢an be controlled by
laminating a film such as polyethylene and polypropylens films having a permeability to the iso-thiocyanate,
to a surface of the adhesive layer. In addition, the iso-thiocyanate ¢an be held for a long period of time by

55 laminating a gas-barrierable film to tho surface of the adhesive layer.

The ssif-adhesive article is basically of such a configuration that the biocidal self-adhesive is applied to
at least one surface of a base material, including the above-described configuration, More specifically, the
seli-adhesive article comprises a biocidal self-adhasive applied to the whols or a portion of one surface or
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cpposite surfaces of a base material such as a resinous film made of a polyetnylene terephthalate, a
polypropylene, a polyvinyl chloride, a ployethylene, a polycarbonate, a polyvinylidene chloride, an
polyacrylonitrile, an ethylene-vinyl alcohol copolymer, ete.; a paper; a fabric; a synthetic paper; a metai foil
or the fike, Usually, a film treated with a release agent and having a gas-barrierability is previously
temporarily laminated to the seli-adhesive article in order fo protect the achesive layer. Such a sell-
achesive article is referred to as an adhesive label or an adhesive shest. It will be understood that the
aricle of the present invention inciudes the form of a so-called adhesive tape made by applying an
adhesive layer to one surface of a base material, while treating the other surface with a release agent, and
rolling the resulting material.

1t is as described above that the gradual releasing can be controlled by changing the gas-barrierability
of the base material. it is optional that a depasited or coated layer may be provided on the base malerial, if
required.

With the bio¢idal self-adhesive and the self-adhesive article impregnated with the iso-thiocyanate to
hold the latter therein according to the present invention, the bacteriostatic, bactericidal, fungicidal,
microbiogidal and freshness-maintaining effects possessed by the iso-thiocyanate can be widely utilized in
a variety of fields, because the iso-thiocyanate can be held in the adhesive at a high concentration and
effectively, but also it i possible to utilize the releasing of the vapor of the iso-thiocyanate without need for
a special apparatus by profitably using an advantage of the adhesive that the article can be bonded to all
materials, In addition, the use of the process comprising the steps of forming the adhesive layer and then
impregnating the adhesive leyer with the iso-thiocyanate ensures that the iso-thiocyanate can be hold in the
adhesive fayer at @ far higher concentration, as compared with a process comprising the steps of previously
incorporating an iso-thiocyanate Into an adhesive and then forming an adhesive 1ayer.

The present inventors have repeated zealous studies for an application of the above-described self-
adhesive article and as a result, it has been found that the above-described probiems ara overcome by a
combination of an iso-thiocyanate-impermeable barrier sheet and/or an iso-thiocyanate permeation control-
ling sheet with a seff-adhesive impregnated with an Iso-thiocyanate to hold the latter therein, or an iso-
thiocyanate-containing layer formed from a paper or a non-weven fabric impregnated with an iso-
thiocyanate ta hold the latter therein through the meadium of a low volatile oily liquid.

More specifically, an iso-thiocyanate gradually-releasing sheet according to the present invention
comprises an iso-thiocyanate supporting layer which is covered, on its opposite sides, with an iso-
thiocyanate-impermeable barrier sheet and/or an iso-thiccyanate permeation controlling sheet.

In this case. when one side of the layer is covered with the barrier sheet and the other side is covered
with the controlling sheet, or when both the sides are covered with the controlling sheet, the gradual
releasing of the iso-thiocyanate is controlled by the controlling shoet. When hoth the sides are covered with
the barrier sheet, the gradual releasing of the iso-thiocyanate is controlied by the exposed arsa of the end
face of the iso-thiocyanate supporting layer.

The iso-thiogyanate supporting layer is formed by impregnating an adhesive with the iso-thiscyanate fo
hold the latter thersin, or by impregnating 2 support such as a paper and a non-woven fabri¢ with the iso-
thiccyanate to hold the latler therein through the medium of a low volatite oily liquid or the like.

In impregnating the achesive with the iso-thiocyanate 10 hold the latter therein, the adhssive promptly
soluble in or swellable by the iso-thiocyanate because of its compartibility with the iso-thiocyanate is
applied to the gas-barrierable film such as an aluminum-deposited polyethylene terephthalate for barriering
the iso-thiocyanate, thereby forming an adhesive layer, which is then impregnated with the iso-thiocyanate,
and a film permeable 1o the iso-thiocyanate, such as a polyethylene film, a polypropylene film, an extremely
thin polyethylene terephthalate film, is laminated to adhesive layer, thereby forming an iso-thiocyanate
gradually-releasing sheet. This process ensures that an amount of the iso-thiocyanate which Is Incapable of
being supported in the prior art can be supported sffectively.

When the paper or the non-woven fabric is impregnated with the isc-thiocyanate to hold the lattar
therein through the medium of a low volatile cily liquid or the like, the low volatile oily liquid such as a
polybutene containing the iso-thiocyanate dissalved therein is applied to a non-laminatad surface of & paper
or 2 non-woven fabric laminated, on its one side, by an adhesive or by coextrusion, with a gas-barrierable
film for barriering the isc-thiocyanate, such as an aluminum-deposited polysthylene terephthalate film, and
such surface is further laminated with a film permeabie to the iso-thiocyanate, such as a polyethylene film
formed through an adhesive applying treatment, thereby forming an Iso-thiocyanate gradually-releasing
sheet. This process ensures that an amount of the iso-thiocyanate which is Incapable of being supporied in
the prior art can be supported efectively,

Examples of the low volatile oily liquids are a palybutene, acrylic and metacrylic resins having & lower
molecular weight, an epoxy resin, minaral oils, animal and vegetable oils such as olive, soybean and bovine
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oils, liquid paralfin, etc., but any liquids other than those described herein by way of example ¢an be used,
it they have a compartibility with the iso-thiocyanates, cannot react with the isc-thiocyanates and have a
fiuidity at amblent temperature.

When the iso-thiocyanate supporting layer Is tormed of an adhesive, it is desirable that the iso-

6 thiocyanate is held in the adhesive by Impregnation at a concentration in a range of 0.1 to 50 % by weight
based on the adhesive. Even it the iso-thiocyanate supporting layer is formed of either an achesive or the
paper or the non-woven fabric, it Is desirable that the iso-thiocyanats is held in the adhesive or the paper or
the non-woven fabri¢ by impregnation at an amount of 0.1 g/m? or more.

However, the amaunt of the iso-thiocyanate is selected depending upon individual uses and hence, may

10 be out of the above-described range in some cases.

Examples of the Iso-thiocyanate-impermeable barrier sheets employed in the present Invention Include
resinous films such as polyvinylidene chloride, polyacrylonitrile, ethylene-vinyl alcohol copolymer, polyethyl-
ene terephthalate and polycarbonate films; metel foils and the like. Examples of the iso-thiocyanate
permestion controlling sheets include resinous films such as polyethylene, polypropylene and polyvinyl

15 chloride films, papers, fabrics and synthetic papers. Even with the barrier sheet, the permeability theraof
can be varied by reducing the thicknass of a film and thus, such a barrier sheet can be also used as a
controlling sheet.

The isosthiocyanate-impermeable barrier sheet and the iso-thiocyanate-permeation controlling sheet
may be used as a single layer structure or as a different shest-laminated structure.

20 The iso-thiocyanates and the adhesives soluble in or swellable by the iso-thiocyanates which can be
used are those described above for the adhesive article.

The iso-thiocyanate gradually-releasing sheet according to the present invention is capable of holding
the iso-thiocyanate therein at a high concentration and effectively by the above-described configuration, but
also capeble of controlling the releasing of the vapor of the iso-thiocyanate by selaction of the film.

25 Further, the present inventors have repeated zealous studies for another application of the above-
described adhesive article and &s a result, have overcome the problems in the prior art freshness
maintaining means by utilizing the above-described knowledge that by using, as an adhesive, a polymer
soluble in or sweilable by an iso-thiocyanate, the iso-thiocyanate can be held in the polymer by
impregnation, with physical properties of the adhesive being maintained.

a0 More specifically, a self-adhesive sheet according to the present invention for sterilizing a materlal to be
packed and maintaining the freshness of the material comprises an adhesive layer 2 impregnated with an
iso-thioCyanate to hold the latter therein and mounted on a base sheet 1 having a low permeability to the
iso-thiocyanate, es compared with a packing material for a material to be packed, as shown in Fig.1.

In the self-adhesive sheet shown in Fig. 1, used as a base sheet 1 was a sheet which includes an

a5 aluminum deposited film 1b on one side of a polyethylene terephthalate (PET) film 1a and which has little
permeabliity to iso-thiocyanates. In Fig. 1, reference nurmeral 3 designates an iso-thiocyanate-barrisrable
release sheet Including a silicone-treated release layer 3b on one side of a PET film 3a.

The self-adhesive sheet for sterilizing a material to be packed and maintaining the freshness of the
material is selected depending upon the relative relationship with a packing material, but it is greferable that

<0 @ base material having a completely iso-thiocyanate-barriering property is used. Such materigls include
polymers such as a polyethylene terephthalate, a polycarbonate, a polyvinylidens chloride, a
polyacrylonitrile and an ethylene-viny| alcohol copolymer, and metal foils.

With the ahove-described sterilizing and freshness-maintaining self-adhesive sheet, the types of the
adhesive and the iso-thiocyanate, the amount and method of impregnation of the iso-thiocyanate in

45 adhesive and the self-adhesive sheat producing process are the same as those described above for the
self-adhesive article and hence, the description thersof is not repeated here.

A method for sterilizing and freshness-maintaining a material to be packed according to the present
invention comprises affixing a self-adhesive sheet of the type described above to an outer surface of a
packing material for a material to be packed.

50 Thus, It Is possible 10 sterilize the material to bs packed and to maintain the ireshness of such materiai,
without destruction of the packing material. The packing material is not limited in any way, and any
compositions can be used, if they have a lower barrierability to iso-thiocyanates than that of the self-
adhesive base material.

The extremely appropriate sterilization and freshness-malintaining can be performed by selscting the

56 size of the self-adhesive sheet, the affixing place. the affixing time and the amount of iso-thiocyanate held
by impregnation.

According to the present invention, the freshness-maintaining, bactericidal and fungicidal effects and
like for food products can be widely utifized, becauss the sbove-described means makes it possible to
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release the vapor of the iso-thiocyanate through the packing material to the content in the packing material
such as food products without need for a special apparatus by profitably using an advantage of the
adhesivae that the article and sheet can be bonded to all materials.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a diagram lllustrating a biocidal self-adhesive shest for sterlizing a material to be packed and
maintaining the freshness of the material according to the present invention;

Fig.2 is a graph illustraling the iso-thiocyanate releasing characteristic of a biocidal self-adhesive
according lo the present invention; .
Fig.3 Is a diagram illustrating one embodiment of an iso-thiocyanate gradually-releasing sheet according
to the present invention; .

Fig4 is a diagram illustrating another embadiment of an iso-thiocyanate gradually-releasing sheet
according to the present invention; and

Fig.s is a diagram ifusirating a further embodiment of an iso-thiocyanate gradually-releasing sheet
according to the present invention.

THE BEST MODE FOR CARRYING QUT THE INVENTION

The present invention will now be described in detail by way of particular examples, but Is not limited to
these examples in any way.

Exarnple 1

Thers was prepared an ethyl acetate solution containing 40 % by weight of a copolymer formed of 97
% by weight of 2-ethylhexy! acrylate and 3 % by weight of acrylic acid. An isocyanate-based cross-finking
agent was added in an amount of 1 % by weight to the solution, and the mixture was applied onto an
aluminum-deposited polyester film. The resulting material was drisd for 2 minutes at 100 *C, thus
producing an self-adhesive sheet with Its adhesive layer having a thickness of 30um. Further, the adhesive
layer was impreganted with a stock solution of an allyl iso-thiocyanate at room temperature, thereby
preparing a self-adhesive sheet containing 10 % by welght of the allyl iso-thiocyanate in the adhesive. An
aluminum-deposited polyester film treated on one side with a silicone was laminated to the self-adhesive
sheet to provide 3 self-adhesive article having a release. film thereon.

Example 2

A self-adhasive article having a release film thereon was produced in the same manner s in Example
1, except that 0.1 % by weight of the allyl iso-thiocyanate was contained in the adnesive.

Example 3

A self-adhesive article having a release film therson was produced in the same manner as in Example
1. except that 25 % by weight of the allyl iso-thiocyanate was contained in the adhesive.

Example 4

A self-adhesive article having a release film therson was produced in the same manner as in Example
1, except that 50 % by weight of the allyl iso-thiacyanate was contained in the adhesive.

Example 5

Dissolved in toluens were 100 parts of a stylene-isoprene-stylene block copolymer (Califlox TR1107
made by Shell Chemistry Corp.), 80 parts of liquid paraffin and 150 parts of a tackifler {Alcon P100 made
by Arakawa Chemistry K.K.). The resulling solution was applied to an aluminum-deposited polyester film,
and dried for 2 minutes at 100° C, thereby produting a self-adhesive sheet with its adhesive layer having a
thickness of 30um. Further, the adhesive layer was impreganted with a stock solution of an ally] Iso-
thiocyanate at room temperature, thersby preparing a self-adhesive sheet containing 5 % by weignt of the
allyl iso-thiocyanate. An aluminum-deposited polyester film treated on one side with a silicone was
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laminated to the self-adhesive shest to provide a seif-adhesive article having a release film thereon.
Example 6

5 A solution of 2-ethythexyl-acrylate acrylic acid copolymer in ethyl acetate, prepared in the same manner
as in Example 1, was applied onto a release surface of an aluminum-deposited polyester film having one
side treated with a release agent, and was then dried for 2 minutes at 100 *C, thereby producing & self-
adhesive sheet with its adhssive layer having a thickness of 25um. This sheel was laminated to a non-
woven fabric, Further, an adhesive layer having a thickness of 25um was separately formed on a release

10 surface of an aluminum-deposited polyester film treated on one side with a release agent, and was
impregnated with an allyl iso-thiocyanate at room temperature. The non-woven fabric side of the self-
adhesive shestnon-woven fabric laminate and the adhesive side of the self-adhesive sheet impregnated
with the allyl iso-thiocyanate were laminated to each other, thersby providing a double-sided self~adhesive
artlcle containing 10 % by weight of the allyl iso-thiocyanats.

15
Comparative Example 1

Using a silicone adhesive, an adhesive layer of 30 um was formed on an aluminum-deposited polyester

film, and a stock solution of an allyl iso-thiocyanate was zpplied to the adhesive layar to provide a self-

20 adhesive sheet. This sheset is laminated 0 an aluminum-deposited film trezted on one side with a fluorine-

based release agent, thereby providing a self-adhesive article having a release flm laminated to the
aluminum-deposited film.,

Comparative Example 2

25
A double sided self-adhesive article was produced in the same manneér as in Example 6, except that the
adhesive layer was impregnated with no allyl iso-thiocyanate.
Then, the adhesion {according ta JIS 20237) was measured for the self-adhesive articles produced in
Examples 1 to § and Comparative Example 1, thereby providing results as given in Table 1 below.
30
Table 1
Example Adhesion (g/25 mm, against SUS)
35
1 900
2 1,200
40 3 650
4 160
5 1,350
45
Comparative Example
1 0
$0

As apparent from Table 1, it can ba seen that each of the self-adhesiva articles produced in Examples 1
fo 5 has an adhesion property, even if the allyl iso-thiocyanate is contained therein at a high concentration,
and this enables the formation of a sheet from these articles. the affixing thereof to an object and the
lamination thereof. On the contrast, it can be seen that when the silicone adhesive insoluble in or

s5 inswellable by the allyl iso-thiocyanate is used as the adhesive, the resylting article has no adhesion
property, because the allyl iso-thiocyanate remains as liquid on the surface of the adhaesive and the surface
of the release fim.
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The % residue of the allyl iso-thiocyanate, when the solf-adhesive article having the release film and
produced in Example 1 was left to stand at room temperature, was measured to provide results as given in
Table 2.

Table 2

Example Residue %

Lapse of time (day)

after t day | after 3days | after 7 days | after 15 days
1 83.3 99.0 98.2 96.7

As apparen? from Table 2, it can be seen that even if the seif-adhesive article is left lo stand at room
temperature, the volatilization of the allyl iso-thiocyanate can be reduced {0 the minimum by the fact that
the self-adhesive article assumes the form as in Example 1.

Then, using the double-sided seli-adhesive articles produced in Example 6 and Comparative Example
2, two veneers each having a thickness of 5 mm were laminated thereto. The resulting laminates were left
to stand in 2 70 % Rh atmosphere at 25°C, and the propagation of fungi thereon was observed with the
lapse of time. As a result, when the double sided seif-adhesive article produced in Example B was used,
litle generation of fangi was observed even after one month, whereas when the double sided self-adhesive
article produced in Comparative Example 2 was used, fungi were generated on a portion of the laminate
after one week, and the fungi were spreaded over the substantially entire surface of the laminate after two
weeks.

Then, the releass film of each of the sell-adhesive articles having the releass film and produced in
Examples 1, 3 and 4 was peeled off and feft to stand in a 500 ¢m3 stainless container, so that the adhesive
surface cannot come Into contact with an inner wall of the container, The concentration of the ally! iso-
thiocyanate in the container was measured with the fapse of time by a gas chromatography. The result
showsd that each of the self-adhesive aricles released the ally! iso-thiocyanate repidly, so that the

concentration of the allyl iso-thiocyanate in the sealed container was kept constant, as shown in Fig. 2

Example 7

There was prepared an ethyl acetate solution contalning 40 % by weight of a copolymer formed of 97
% by weight of 2-sthylhexyl acrylate and 3 % by weight of acrylic acid. An iso-cyanats-based cross-linking
agent was added in an amount of 1 % by weight to the solution. The resulting mixture was applied {0 a
polyester film having a thickness of 38um and dried for one minute at 100 * C to form an adhesive layer of
30 um. Then, an allyl iso-thiocyanate was applied to the adhesive layer In a room temperature condition by
a gravure coating (using a gravure mesh: Lattice 120 Mesh made by Asahi Roll, Gorp.), $0 that the ally! iso-
thiocyanate was contained in the adhesive layer. The resulting film was laminated to a polyethylens film
having a thickness of 50um to produce an ally! iso-thiocyanate containing sheet.

Example 8

An acrylic adhesive layer of 30um was formed on a polyester film having a thickness of 38 Lm in the
same manner as in Example 7. Then, using a Mayer bar, the adhesive surface was coated with an allyl iso-
thiocyanate, so that the allyl iso-thiocyanate was contzined in the adhesive layer. The resulting ilm was
faminated to 3 polyester fiim treated with a release agent and having a thickness of 38 um to provide a self-
adhesive sheet containing the allyl iso-thiocyanate, -

Comparative Example 3

An iso-cyanate-based cross-linking agant was added in an amount of 1 % by weight to an ethyl actate
solution containing 40 % by weight of a copolymer formed of 97 % by weight of 2-ethylhexy! acryiate and 3
% by weight of acrylic acid, and an allyl iso-thiocyanate was added to the solution in an amount of 20 parts
by weight per 100 parts of the solution. The resulting mixture was applied to a polyester film having a
thickness of 38 um and dried for 1 minute at 80°C to form an adhesive layer of 30um. The resulting film
was laminated to a polyethylene film having a thickness of 50 um to provide an allyl iso-thiocyanate
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containing shee:.
Comparative Example 4

5 Added to an emulsion solution containing 85 % by weight of a copolymer formed of 97 % by weight of
2-athylhexyl acrylate and 3 % by weight of acrylic acid was an allyt iso-thiocyanate in an amount of 32.5
parts by weight per 100 parts by weight of the solution, The resulting mixture was applied to a polyester
film having a thickness of 38 1im and dried for 1 minute at 80° C to form an adhesive layer of 301k m. The
resulting film was laminated to a polyester film treated with a release agent and having a thickness of 38

10 um to provide an allyl iso-thiocyanate containing shest.

Then, the content of each of the allyl iso-thiocyanates in Examples 7 and B and Comparative Examples
3 and 4 was measured to provide results as given in Table 3.

The content was determined by cutting a sample sheet into a piece having a size of 20 cm x 10 ¢m,
lsaving the cut piece to stand in an atmosphere at 40° C under 10 Torr for 48 hours using a vacuum dner,

15 removing the allyl iso-thiocyanate, and finding the content from the resulting variation in weight and the
amount ¢f adhesive applied. ’

Table 3
20
Example Content of allyl iso-thiocyanate (%)
7 19.19
25 8 28.26
Comparative Example
3 0.11
30
4 0.23

35 Example 8

An acrylic adhesive layer 11 containing 20 % by weight of an. allyl iso-thiocyanate was formed on a
deposited surface 10a of an aluminum-deposited polyethylene terephthalate film 10 having a thickness of
25U m, as shown in Fig. 3. The resulting film and a polyethylene film 12 having a thickness of 60m were

40 laminated to each other 1o provide a gradually releasing sheet,

The releasing of the allyl Iso-thiocyanate was examined, and the result showsd that the releasing was

sustained for about one hour at a release rate of 10.6 g/m? + hr.

Example 10

A gradually releasing sheet was produced in the same manner .as in Example 9, except that the
polyethylens in Example 9 was replaced by a polyethylene terephthalate film having a thickness of 16um.

The releasing of the ally! iso-thiocyanate was examined, and the result showed that the releasing was
sustained for about 36 hours at a refease rate of 0.28 g/m? « hr,

Example 11

A gradually relsasing sheet was produced in the same manner as in Example 8. except that the
poiyethylens in Example 9 was replaced by a polyethyiene terophthalate film having a thickness of S0um.
53 Tha releasing of the allyl Iso-thiocyanate was examined, and the result showed that the releasing was
sustained for about 105 hours at a release rate of 0.09 g/m? + hr.
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Example 12

A gradually releasing sheet was produced in the same manner as in Example 9, except that the
polyethylene in Example 8 was replaced by a polypropylene film having a thickness of 80 um.

The releasing of the allyl iso-thiccyanate was examined, and the result showed that the releasing was
sustained for about 12 hours at a release rate of 0.83 g/m? » hr.

Example 13

A gradually releasing sheet was produced in the same manner as in Example 9, except that ths
polyethylene in Example 9 was replaced by an aluminum-deposited polyethylene terephthalate film having
a thickness of 25um,

The releasing of the allyl iso-thiocyanate was examinaed, and the result showed that the relaasing was
sustained for about 2800 hours at a release rate of (.003 g/m? » hr.

Example 14

An acrylic adhesive layer 21 containing 20 % by weight of an allyl iso-thiocyanate was formed on a
deposited surface 20a of an aluminum-deposited polyethylena terephthalate film 20 having a thickness of
25u m, as shown in Fig. 4. The film was laminated to a wood free paper 22 (Konywrap White 100 g/m?
made by Lintec Corp.). The adhesive surface of a sheet comprising an acrylic adhesive layer 24 formed on
a polyethylene film 23 having a thickness of 60um was laminated to the paper surtace of the resulting
laminate to provide a gradulally releasing sheet having a nerve. '

The releasing of the allyl iso-thiocyanate was examined, and the result showed that the reigasing was
sustained for about one hour at a releass rate of 8.5 g/m? » hr.

Example 15

An acrylic adhesive layer 31 was formed on a deposited surface 30a of an aluminum-deposited
polyethylene terephthalate fitm 30 having a thickness of 25Um, as shown in Fig.5. The film was laminated to
a paper 32 (Linter paper LCL-145 made by Taihei Paper Co., Lid.) to prepared 2 laminate 33,

Then, an allyl iso-thiocyanate was dissolved in & polybutene (Nisseki Polybutene HV-100 made by
Nippon Qi Co., Lid), so that the concentration of the ally! Iso-thiogyanate was of 6 % by weight. This
solution of aliyl iso-thiocyanate in the polybutene was applied to the paper surface of the laminate 33, and
then, an adhesive surface of a sheet having an acrylic adhesive layer 35 formed on a polyethylene
tergphthalate film 34 having a thickness of 25 um was laminated to the coated suﬂaca of the laminate 33 to
provide a gradutally releasing sheet.

The releasing of the allyl iso-thiocyanate was examined, and the result showed that the releasing was
sustained lor about 60 hours at a release rate of 0.14 g/m? - hr.

Example 16

A self-adhesive sheet was produced, In accordance with the configuration shown in Fig.1, by permitting
an allyl iso-thiocyanate to be contained in an amount of 10 % by weight in a self-adhesive article which was
made by adding an iso-Cyanate-based cross-linking agent in an amount of 1 % by weight to a copolymer
acrylic adhesive formed of 87 % by weight of 2-ethylhexy! acrylate and 3 % by weight of acrylic acid. A
loat of bread and a boiled rice were placed into a polyethylene sack (120 mm x 85 mm x §.08 mm} which
was then sealed. Subsequently, the self-adhesive sheet was cut into a piece having a size of 2 cm x 2 cm,
and the release sheet was peeled off from the cut piece. The resulting sheet was affixed to the polyethylene
sack from the ouitside. This sack was left to stand at room temperature, After two weeks, with regard to the
loaf of bread, no variation was observed, and with regard to the boiled rice, a moisture condensation was
only observed on an inner surface of the sack.

As a control, a loaf of bread and a boiled rice were placed into a polyethyleng sack which was then
sealed, in the sams manner as in Example 16. This sack was left to stand at room temperature without
affixing of the self-adhesive sheet thereto. After about 5 days, fungi were developed on the loaf of bread,
and after 10 days, these fungi were spreaded over the substantially entire surface of the loaf of bread. With
regard to the boiled rice, on the other hand, fungl were developed therson after 4 days, and the rice was
rotted 10 have no trace of original form after 10 days.
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A self-adhesive sheet similar to that in Example 16 was cut into a piece of 5 cm x § ¢m, and the
release sheet was peeled off therefrom. Then, the cut piece was affixed to a central portion of an outer .
surface of a polyethylene package of each of three packs of boiled noodles. In addition, three packs of
hoiled nocdles with no self-adhesive sheet affixed thereto were prepared as a control. The six packs in total
were stored at room temperature, and after 7 days, variations in freshness thereof were comparad. -
The result of observation was as given in Table 4. A distinct freshness-maintaining effect due to the
affixing of the allyl iso-thiocyanate containing self-adhesive sheet was observed, as given in Table 4.

Table 4
Sample Result of observation
change of color Foul smell
After 3days | after 7 days | after 3days | after 7days
group with self-adhesive sheet affixed 013 113 073 03
Controt group 113 I3 2/3 33

* change of color extremely in pant

Example 18

Twelve small rice cake packs each placed into a polyethylene sack were divided into four groups each
comprising three rice cake packs. One group was used as a contro! (untreated), and with regard to the thres
other groups, an allyi iso-thiocyanate containing self-adhesive sheet similar to that in Example 18 was
affixed to a central portion of a wrapping fitm of each group under conditions given in Table 5.

Table §

Test No.

Size of self-adnesive sheet (cm? )

m
@)
)
4)

3
5
7

0 (Control)

Each sample was stored for long time at room temperature, and the test was carrled out for the

following items:

1) The condition of fungi developed: after 1 day, 3 days and 7 days from the affixing

2) The remaining odor of mustard: after 1 day and 7 days from the affixing

The test results were as given in Table 6,
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Table 6
L ]
Test group No. Test result
Appesrance” Remaining mustard ador™
after 1 day | after 3days | after 7days | after 1 day | efter 7 days
i - - 3 3 -
2 - . * + -
3 - - - + -
4 (control) - ] +

* Judgement of the appearance is as follows:

+ Fungi were developed over the substantially entire region
* Fungi were developed in part

- There was no change

™ Criterion of judgment is as follow:

+ There was odor of mustard

& There was a little odor of mustard

~ There was no odor of mustard

In the group with the allyl iso-thiocyanate containing self-adhesive sheet affixed, the development of
fungi was inhibited in proportion to the size of the shest, On the other hand, the¢ odor of mustard was
sensed in all of the groups (1) to {3) after 1 day, but was reduced after 7 days to such an extent that it
could not be already sensed, which indicates the odor of this degres little exert an influence to the food
taste.

Posstbility of Industrial Application

With the blocidal seif-adhesive and the process for producing the same zccording to the present
invention, the Iso-thiocyanate can be supported at a high concentration and moreover, the self-adhesive
erticle can be properly aftixed to a desired place In any form such as shest, tape and label forms by
utifization of the adhesion property of the adhesive, thereby effectively utilizing the bacteriostatic, bacterlci-
dal and microblocidal properties of the iso-thiocyanats.

In the prior art methods for incorporating the iso-thiocyanate in clathration to a cyclodextrin and for
adsorbing the iso-thiocyanate to a porous camier such as a clay mineral, a slight amount of the iso-
thiocyanate is merely contained in the final form of the sheet, but also the cost of the sheet is very high. On
the conirast, with the iso-thiocyanate graduslly-releasing sheet of the present invention, a large amount of
the iso-thiocyanate can be contained in the sheet and further, the gradual releasing of the iso-thiocyanate is
possible, In additian, the cost ¢can be minimized, leading {0 an inexpensive article.

In the case of the prior art vacuum pack and Ageless (Trademark), it is necesaary to conduct the
packing in the packing line together with the material to be packed, and the sealability and the air-tightness
are required for packing. On the contrast, with the self-adhesive sheet for sierilizing the material to be
packed and for maintaining the freshness of the material to be packed according to the present invention,
even If a small amount of the iso-thiocyanate is leaked, the isc-thiocyanate is replenished from the seli-
adhesive sheet. Therefore, the sterilizing and freshness-maintaining effects can be exhibited sufficiently,
even if the air-tightness is small. Further, the time for affixing of the sheet need not necessarily be in the
manufacture line, and even if the sheet is affixed after buying of a food product by a general purchaser, the
same effect is obtained.

Claims

1. A biocidal seif-adhesive comprising an adhesive impregnated with an iso-thiocyanate to hold the latter
therein, said adhesive consisting essentially of a polymer which is saluble in or swellable by the iso-
thiccyanate.

2. A biocidal self-adhesive according to claim 1, wherein said adhesive is an acrylic copolymer which is a
copolymer of an alkyl acrylate or methacrylate monomer having 4 or more carbon atoms in an alky!
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Table &

Test group No. Test result

Appearance’ Remaining mustard odor™

after 1 day | after 3days | after 7 days | after 1 day | after 7 days

1 - - i 3 -

2 - - b3 + -
3 - - + -
4 (control) - H +

* Judgement of the appearance is as follows:

+ Fungi were developed over the substantizily entire region
* Fungi were developed in part

- There was n¢ changs

= Criterion of judgment is as foliow:

+ There was odor of mustard

¢ There was a little odor of mustard

~ There was no odor of mustard

In the group with the allyl iso-thiocyanate containing self-adhesive sheet aiffixed, the development of
fungt was inhibited in proportion to the size of the sheet. On the other hand, the odor of mustard was
sensed in all of the groups {1} to (3) after 1 day, but was reduced after 7 days to such an extent that it
could not be already sensed, which indicates the odor of this degree little exert an influence to the food
taste.

Possibility of Indusfrial Application

With the biocidal self-adhesive and the process for producing the same according to the present
invention, the iso-thiccyanate can be supportad at a high concentration and morasover, the self-adhesive
erticle can be properly affixed to a desired place In any form such as sheet, tape and label forms by
utilization of the adhesion property of the adhesive, thereby effectively utilizing the bacteriostatic, bacterici-
dal and microbiocidal properties of the iso-thiocyanats.

In the prior art methods for incorporating the iso-thlocyanate in clathration to a cyclodextrin and for
adsorbing the iso-thiocyanate to a porous camier such as a clay mineral, a slight amount of the iso-
thiocyanate is merely contained in the final form of the sheet, but also the cost of the sheet is very high. On
the contrast, with the iso-thiocyanate gradusily-relsasing sheet of the present inventlon, a large amount of
the iso-thiocyanate can be contained in the sheet and further, the gradual releasing of the iso-thiocyanate is
possible. In addition, the cost can be minimized, leading o an inexpensive article.

In the case of the prior art vacuum pack and Ageless (Trademark), it is necesaary to conduct the
packing in the packing line together with the material to be packed, and the sealability and the air-tightness
are required for packing. On the contrast, with the self-adhesive sheet for sterilizing the material to be
packed and for maintaining the freshness of the material to be packed according to the present invention,
even if a small amount of the iso-thiocyanate is leaked, the Iso-thiocyanate is replenished from the sell-
adhesive sheet. Therefore, the sterilizing and freshness-maintaining effects can be exhibited sufficiently,
even it the air-tighiness is small. Further, the time for affixing of the shest need not ngcessarily be in the

manufacture line, and even if the sheet is affixed after buying of a food product by a genera! purchaser, the
same effect is oblained.

Claims

1. A biocidal seif-adhesive comprising an adhesive impregnated with an iso-thiocyanate to hold the latter

therein, said adhesive consisting essentially of 2 polymer which is soluble in or swellable by the iso-
thiacyanate.

2. A biocidal self-adhesive according to claim 1, wherein said adhesive is an acrylic copolymer which is a
copolymer of an atkyl acrylate or methacrylaie monomer having 4 or mora carbon atoms in an alkyl
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group, and a monomer which i3 copolymerizable with said manomer.

3. A process for producing a blocidal self-adhesive comprising the steps of
forming an adhesive layer from an adhesive consisting essentially of a polymer which is soluble in
8 or swellable by an iso-thiocyanate, and
impregnating said adhesive layer with the iso-thiocyanate.

4. A process for producing a bigcidal self-adhesive according to claim 3, wherein szid adhesive is an
acrylic copotymer which is a copolymer of an alkyl acrylate or methacrylate monomer having 4 or more
10 carbon atoms in an alkyl group, and a monomer which is copalymerizable with said monomer.

5. A self-adhesive articls, made by applying a biocidal self-adhesive actording to claim 1 or 2, to at least
one surface of a base material.

15 6. An iso-thiocyanate gradually-releasing shest comprising an Iso-thlocyanate supporting layer which is
covered, on its opposite sides,. with an iso-thiocyanate-impermeable barrier sheet andfor an iso-
thiccyanate permeation controlling shest.

7. An iso-thiocyanate gradually-releasing sheet according to claim 6, wherein said iso-thiocyanate support-
20 ing layer is formed of an adhesive which is impregnated with an iso-thiocyanate to hold the latter
therein,

8. Aniso-thiccyanate gradually-releasing sheet according 1o claim 8, wherein said iso-thiocyanate support-
ing layer is formed of a paper or a non-woven fabri¢ which is impregnated with an iso-thiocyanate to
28 hold the latter thereln through the medium of a low volatile oily fiquid.

8. An iso-thiocyanate gradually-refeasing sheet according to any of ¢laims 6 to 8, wherein said sheet has
one surface covered with said barrier sheet and ths other surface covered with said controlling sheet.

20 10. A solf-adhesive sheet for sterilizing a material to be packed and maintaining the freshness of the
material, comprising
an adhesive layer impregnated with an iso-thiocyanats 10 hold the latter therein and mounted on a
base sheet having a low permeability to the iso-thiocyanate, as compared with a packing material for a
material to be packead.

a5
11. A sterilizing and freshness-maintaining self-adhesive shest according to claim 10, wherein said
adhesive layer is formed of a copolymer of an alkyl acrylate or methacrylate monomer having 4 or
more carbon atoms in an alkyl group, and a monomer which is copolymerizable with sald monomer.
% 12. A sterilizing and freshness-maintaining self-adhesive shoet according to claim 10, further including an
Iso-thivcyanate-barrlerable release sheet laminated to said adhesive fayer.
13, A method for sterilizing and freshness-maintaining a material to be packed, comprising
affixing a sterilizing and freshness-maintaining sell-adhesive sheet according to claim 10 {0 an
45 outer surface of a packing material for a material to be packed.
50
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