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DESCRIPTION

Title of Invention
ANTIMICROBIAL RAW MATERIAL AND METHOD FOR

MANUFACTURING THE SAME, AND ANTIMICROBIAL MATERIAL

Technical Fieid
[0001] The present invention relates to antimicrobial raw materials,

methods for producing the same, and antimicrobial materials.

Background Art

{0002} To keep articles in sanitary condition, antimicrobial substances
are applied to their surface under certain circumstances. For example,
in food-handling facilities, domestic kitchens and medical facilities, it
is required to keep the surface of the interior fioor and walls,
instruments, fixtures or other articles germ-free in order to prevent
possibie contact infection or poisoning caused by harmful
microorganisms such as bacterial pathogens atiached to their surface.
It is also required to effectively prevent mold growth or food Spoilage
in such places as house closets or food depositories, which are highly
humid and less ventilated places, part of a building where water is
circulated and thus condensation frequently forms (e.g., bathroom), and
the inside of an air-conditioner or refrigerator. Thus, it has been
required to impart a harmful microorganism reduction effect to the
surface of articles such as building materials (e.g., wall paper), food
storage containers, and bathroom accessories.

[6003] One widespread method of imparting a harmful microorganism

reduction effect to the article surface is to incorporate therein an
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antimicrobial ageat or apply thereon antimicrobial agent-containing
coating. Antimicrobial agents are classified into organic and inorganic
antimicrobial agents. In particular, inorganic antimicrobial agents
such as silver ion-bearing zeolites are attracting attention because they
have a wider spectrum of activity to harmful microorganisms than
organic counterparts as well as are less toxic to the human body.

[0004} Morecover, some types of metals are known as a substance that
has antimicrobial activity; in particular, silver, copper and alloys
thereof are known. For preventing food poisoning and mold growth,
these metals have been widely used for eating utensils, wash-basin,
building materials, etc. Attempts have alsec been made to make use of
the antimicrobial effect of copper and copper alloys for infection
control medical facilities or other places {see Non-Patent Literatures 1
to 8). In fact, in some medical facilities, copper and copper alloys are
used for metallic parts (e.g., doors), bed fences, etc.

[0005] However, articles having an organic antimicrobial agent
incorporated therein or applied thereon do not necessarily have a
satisfactory harmful microorganism reduction ¢ffect because the
antimicrobial agent shows antimicrobial activity to only limited strains
of microorganisms when used singly, because new strains of resistant
microorganisms are more likely to emerge, and so forth.

[0006] Inorganic antimicrobial agents have a relatively superior effect
of reducing harmful microorganism. However, in the case of articles
prepared by incorporating inorganic antimicrobial agents inte polymer
materials, the antimicrobial agent is not necessarily exposed to the
entire surface of the article, and therefore, there is 2 risk that s

population of harmful microorganism attached to non-exposed part of
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the article is not affected by the ag.ent and survives.

[0007] Examples of articles prepared by processing of an
antimicrobial metal (e.g., silver or copper) itself include copper-made
garbage boxes for sink (so-called triangular sink tidy) and brass fittings.
Because these articles have disinfecting activity over the entire surface,
there 1s no concern that such a case as described above — where a
population of harmful microorganism present on the surface free from
inorganic antimicrobial agent is not affected by the agent ~ will occur.
Nevertheless, due to their high specific gravity, the obtained article
becomes not only heavy, but costly. Moreover, articles made of silver
o1 copper have the disadvantage of being susceptible to discoloration by
contact with water, acid or salt, which makes their appearance poor.
[0008] Aiming to suppress such discoloration in metals, studies have
been made on corrosion-resistant alloys, incleding bronze, which is
composed primarily of copper with tin as the additive, aluminum bronze,
which is composed primarily of copper and aluminum as the additive,
and nickel silver, which is composed primarily of copper with nickel
and zinc as the additives. It has been scientifically verified that some
of the corrosion-resistant alloys have an antimicrobial effect (see
Non-Patent Literatures 1 to 6). However, they are not widely used in
view of production costs, weight, and processibility.

[0009] “For example, while bronze, a metal alloy composed primarily
of copper with tin as the additive, is known to have higher corrosion
resistance with increasing tin proportion, it becomes more brittle as the
tin proportion increases and thus becomes less processable. For this
reason, in the case of a plate or other form that requires subsequent

processing, the highest possible tin proportion is about 5 wt% (about 3
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atom%) based on copper, and in the case of a cast that requires no
subsegquent processing, the highest possible tin propertion is about 10
wt% (about 6 atom%) based on copper. Thus, there is limitation in
increasing corrosion resistance., On the other hand, aluminum bronze
(metal alloy composed primarily of copper and aluminum as the
additive} and nickel silver (metal alloy composed primarily of copper
with nickel and zinc as the additives) have superior corrosion resistance,
but they are not widely used due to their relatively high production
costs and high specific gravity of 8 or more.

[0010} In particular, as for products having on their surface an
antimicrobial thin metal film, poor appearance is a serious problem.
The surface of bulk copper or copper alioy is covered with a relatively
stable oxide film with a thickness of the order of submicrons, which
suppresses the progression of corrosion on their surface. On the other
hand, articles having an antimicrobial thin metal film with a thickness
comparable to that of such an oxide film cannot be stably fixed to a
substrate article because the antimicrobial thin metal film undergoes
rapid oxidation over the entire surface. Thus, copper or copper alloy
thin films significantly degrade by contact with water compared to bulk
copper or copper alloy. In particular, since a pure copper thin film is
lost in a relatively short period of time by oxidization, when water
droplets remain attached to part of an article covered with such a pure
copper thin film, product quality significantly decreases dune to the
creation of yellow brown spots at the part.

(0011} Silver thin films, on the other hand, underge oxidization
sufficiently slowly upon contact with water and therefore raise no

problem for practical applications. However, since silver films
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produce water-soluble siiver chlorides upon contact with salts, they
have the disadvantage that they undergo discoloration or are lost npon
contact with sweat or other body fluid as with this copper films, which
significantly makes their appearance poor.

[0012] Various studies have beer made on copper alloy thin films.
For example, paper and plastic films having on their surface a metal
thin film made of, for example, copper, silver or alioy containing
copper and/or silver as an antimicrobial metal thin film are proposed
(see Patent Literatures 1 to 7). In particular, as an antimicrobial metal
thin film to be provided on substrates, a Sn-Cu alloy thin film
containing Sn-Cu alloy and 1 to 10 wt% of Sn0; is proposed (see Patent
Literature 7). However, none of Patent Literatures 1 to 7 study a metal
thin film that can suppress corrosion by water or salt without reducing
antimicrobial activity, nor do they disclose a Sn amount that can realize
such a film,

[0013] On the other hand, as an antimicrobial metal with improved
corresion resistance, an amorphous alloy is proposed which contains 15
atom% to 30 atom% of Ta, 15 atom% to 40 atom% of Cu, 20 atom% to
51 atom% of Fe, 2 atom% to 5 atom% of Ni, and 6 atom% to 14 atom9%
of Cr (sec Patent Literature 8). As an amorphous alloy having
antimicrobial activity, oxidization resistance, discoloration resistance
and corrosion resistance, ax alloy is proposed that contains 5 atom% or
more of Ta and/or 15 atom% or more of Nb, as wel as Ti and Ni, with
the remaining portion substantiaily consisting of Cu (see Patent
Literature 9).

{0014] These alloy thin films are formed by a variety of deposition

methods. In general, when forming a metal thin film on a substrate

5



10

15

20

25

2F10180-PCT

like a plastic subsirate, metal thin films made of pure metal (e.g.,
copper o1 silver) can be produced with relatively good productivity by
vacuum deposition. It is difficalt, however, to form alloy thin films
containing two or more different metals by vacuum deposition. Thus,
alloy thin films are typically manufactured for example by flash
deposition — a relatively high-cost deposition process, by simultaneouns
vapor deposition — a deposition process in which two or more separate
deposition sources are heated for deposition while being independently
controlled, or by sputtering — a less productive deposition process.

[0015} It should be noted, however, that it has been suggested in the
art thai some combinations of metals can be evaporated to deposit an
alloy thin metal film even when an alloy is employed as a single
deposition source. For example, it has been proposed in the art to
deposit a copper-tin alloy on a transparent substrate by heating of a 1:1
ratic copper-tin alloy on a molybdenium board {see Patent Literature
10}. Moreover, aiming to improve corrosion resistance of a reflective
metal film, it has also been proposed in the art to cover the reflective
metal film with a deposited alloy film composed primarily of copper

and tin {see Patent Literature 11),
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Summary of Invention

Technical Problem

{0018] The alloy thin films disclosed by Patent Literatures 8 and 9,
however, are more expensive than copper thin films because they
contain about 15 wt% of rare metal such as tantalum and/or niobium,
which are ten times or more as cxpensive as copper. Moreover,
tantalum and niobium have the disadvaniage of being unable to be
rapidly deposited by means of vacuum deposition, plating or other
method due not only to their high melting point but to lower water
solubility of their salis. For this reason, metal thin films that can be
produced relatively inexpensively as well as have high antimicrobial
activity and high corresion resistance have not yet been available in the
art.

[0019] Alloy thin films are formed by simultaneous vapor deposition
or sputtering, with simultaneous vapor deposition being more preferable
in view of cost, productivity etc. However, it has been difficult with
simultaneous vapor deposition to deposit an alloy thin film with =
controlled alloy composition. The simultaneous vapor deposition is
classified into two types: 1) simultaneous vapor deposition in which
alloy is deposited from a single deposition source, and 2) simultaneous
vapor deposition in which an alloy is deposited from two or more
separate deposition sources prepared for respective metal components.
Alloy thin films prepared from the former process have the

disadvantage that the alloy composition tends to greatly deviates from
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that of the deposition source. On the other hand, the latter process has
the disadvantage that production cost tends fo increase due to the
necessity to control the heating temperature of two or more deposition
sources independently.

[0020}] Under these circumstances, alioy thin films are typically
formed by laminating thin films made of different metals and subjecting
the faminated film to annealing at high temperature. For example, the
Su-Cu alloy thin film disclosed by Patent Literature 7 is formed by
laminating layers of Cu and Sno on a substrate to form multi-layer
plating and  subjecting it to heat ireatment (annealing).
High-temperature annealing has thus been required in the art for
alloying of maulti-layer plating consisting of layers of Cu and Sn. For
this reason, it has heretofore been impossible to directly deposit alloy
thin films onto low-hecat resistant plastic substrates or substrates that
are susceptible to thermal discoloration or thermal degradation (e.g.,
paper and natural fiber).

[0021} The present invention has been accomplished in view of the
foregoing circumstances, and an object of the present invention is to
provide a relatively inexpensive antimicrobial raw material with high
antimicrobial  activity and high corrosion resistance, which
antimicrobial raw material is directly deposited onto a plastic film or a
substrate which is susceptible to thermal discoloration or thermal
degradation, a method for producing the antimicrobial raw material, and

an antimicrobial material,

Solution to Problem

{0022} The inventors have established that high antimicrobial activity

9



16

15

20

25

2F10180-PCT

and high corrosion resistance can be achieved at the same time by
adjusting the copper-tin alloying ratio within a particular range. The
inventors also have established that by adjusting the copper-tin alloving
ratio within a further particular range, it is possible to reduce, upon
deposition of a copper-tin alloy film by simultaneous vapor deposition,
deviation between the alloy composition of the deposition source and
the alloy composition of the resuitant film, and that this makes it
possible to provide am alloy thin film with a controlled alloy
composition range even when using a single alloy deposition source.
Moreover, the inventors have established that alloy thin films produced
from a single alloy deposition source have good adhesion to substrate
layer. The inventors thus established that annealing for alloviag thin
metal films becomes unnecessary and ailoy thin films can be directly
deposited onto low-heat resistant plastic subsirates or substrates that
are susceptible to thermal discoloration or thermal degradation. The
present invention has been accomplished based on these findings.
[0G231 A first aspect of the present invention relates to antimicrobial
raw materials and production methods given below.

[1] Ar antimicrobial raw material including:

a substrate layer made of resin, natural fiber or paper, the resin
having & deflection temperature under load of 115C" or below as
measured in accordance with ASTM-D648-56 under a load of 1,820 kPa;
and

a copper-tin alloy layer disposed on the substrate layer, the
copper-tin alloy layer containing over 60 atom% to 90 atom% of copper
and 10 atom % to less than 40 atom% of tin,

wherein the copper-tin alloy layer has a thickness of 5 nm to 200

10



16

15

20

23

2F10180-PCT

nm.
(2] The antimicrobial raw material according to [1], wherein the
copper-tin alloy layer contains 15 atom% to less than 40 atom% of tin,
with the remaining portion substantially consisting of copper.
[3] The antimicrobial raw material according to [1] or {2], wherein
the substrate layer is made of material selected from the group
consisting of polyethylene terephthalate, polyethylene naphthalate,
polyethylene, and polypropylene.
[4]  The antimicrobial raw material according to any one of [1] to [31,
wherein Q value (€ / (nm-Cu atom%)) is 0.001 to 0.007, the © value
being obtained by dividing a sheet resistance (£2) of the copper-tin alloy
layer by a product of thickness of (nm) and copper atom content (Cu
atom%) of the copper-tin alloy layer,
[5] An antimicrobial raw material including:

a substrate laver; and

a2 copper-tin alloy layer disposed on the substirate layer, the
copper-tin alloy layer formed by simultaneous vapor deposition using
an evaporation source composed of a copper-tin alloy containing over
60 atom% to 85 atom% of copper and 15 atom% to less than 40 atom%
of tin, the copper-tin alley layer having a thickness of 5 »m to 200 nm.
{6]  The antimicrobial raw material according to any one of [1] to [5],
wherein the copper-tin alloy layer covers the entire or part of an
outermost surface of the antimicrobial raw material.
7]  The antimicrobial raw material according to any one of [1] to [6],
wherein the antimicrobial raw material is a film, and when the film is 4
cm in width, 10 cm in length and 25 um in thickness, an amount of

curvature is 2 mm or less.
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[8] The antimicrobial raw material according to any one of [1] to

{7}, wherein the substrate layer is a nonwoven fabric, woven fabric or

yarn,
[41 A method for producing an antimicrobial raw material,
incloding:

providing an evaporation source composed of an copper-tin alloy
containing over 60 atom% to 85 atom% of copper and 15 atom% to less
than 40 atom% of tin;

placing a substrate s0 as to face the evaporation source;

evaporating the copper-tin alloy from the evaporation source to
generate a metal vapor; and

allowing the metal vapor to contact the substrate to deposit
thereon a copper-tin alloy layer containing over 60 atom% to 90 atom%
of copper and 10 atom% to less than 40 atom% of tin.
{101 The method according to {9], wherein the substrate is made of
resin, natural fiber or paper, the resin having a deflection temperature
under load of 115C" or below as measured in accordance with
ASTM-D648-56 under a load of 1,820 kPa.
[06024] A second aspect of the present invention relates to
antimicrobial materials given below,
{11}  An antimicrobial material including the antimicrobial raw
material according to any one of {1] to [8].
[12] The antimicrobial material according to [11}, wherein the
antimicrobial material is used as a touch panel protection film,
{13} The antimicrobial material according to [11], wherein the
antimicrobial material is used as medical material.

{14} The antimicrobial material according to [11], wherein the
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antimicrobial material is used as purification material.

Effects of Invention

[0025] According to the present invention, it is possible to relatively
inexpensively provide an antimicrobial raw material which has high
antimicrobial activity and high corrosion resistance and which can be

directly deposited onto low-heat resistant plastic substrates.

Brief Description of Drawings
(0026]

FIG.1 is a graph showing temperature-dependence of vapor
pressures of copper and tin;

F1G.2 shows XRD measurements in Examples; and

FIG.3 is a picture showing the suvrface of a metal thin film of

Example after abrasion resistance test,

Description of Embodiments
{00271 1. Antimicrobial Raw Material

An antimicrobial raw material of the present invention includes
a substrate layer and a copper-tin alloy layer disposed on the substrate
layer, and optionally includes additional layer(s) as needed.
{0028] There is no particular limitation on the substrate layer; it may
be made of metal, glass, ceramics, resin (including synthetic fiber),
natural fiber, paper, wood, etc. Among these materials, the substrate
layer is preferably made of resin, natural fiber or paper in view of their
good flexibility, good processability, low cost, ete.

{6029} There is no particular limitation on the resin used to constitute
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the substrate layer; it may be either thermoplastic resin or
thermosetting resin. The resin used to constitute the substrate laver
preferably has a deflection temperature under load of 115°C or below,
preferably  90C"° or below, as measured in accordance with
ASTM-D648-56 under a load of 1,820 kPa. The reason for this is that
resin with a deflection temperature under load of 115C" or below has
good processabiiity and that resultant films also have good flexibility.
[6030] Deflection temperature under load is measured with a method
that complies with ASTM-D-648-56. Specifically, deflection
temperature under load can be measured as the temperature at which the
bending strain of a test specimen, loaded on an apparatus for flatwise
test and heated at a constant heating rate of 2C"/min, reaches 0.2%
under a load of 1,820 kPa. The test specimen is 80 mm in length, 10
mm in width and 4 mm in thickness, and distance between grips may be
sef to 64 mm.

[0631] Examples of resins having a deflection temperature under load
of 115C" or below include polyester resins, polyoiefin resins, and
polyamide resins, with polyester resins and polyolefin resins being
preferable. Examples of the polyester resins include polyethylene
terephthalate and polyethylene naphthalate. The polyolefin resins may
be homopolymers of «-olefins or copolymers of a-olefins and different
comonomers. The wo-olefin in the polyolefin resins may be, for
example, ethyiene or propylene. Examples of such polyolefin resins
inciude polyethylene and polypropylene. Examples of the polyamide
resins include nylon 6 and nylon 66.

i0032] The substrate layer may be a film, nonwoven fabric or woven

fabric.
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[0033] The thickness of the substrate layer may be, for example,

about 5 um to about 700 pm, although it depends on the iniended
application of the antimicrobial raw material. When the substrate
laver is excessively thick, the antimicrobial raw material becomes
heavy. When the substrate layer is excessively thin, the mechanical
strength of the antimicrobial raw material decreases.

[0034] The copper-tin alioy layer is disposed on the substrate layer
and has a function of imparting antimicrobial activity to the substrate
layer. Accordingly, the copper-tin alloy layer is preferably disposed
on the outermost surface of the antimicrobial raw material.

[00351 The copper-tin alloy layer preferably contains over 60 atom%
to 90 atom% of copper and 10 atom% to less than 40 atom% of tin,
more preferably contains 63 atom% to 90 atom% of copper and 10
atom% to 37 atom% of tin, most preferably contains 15 atom% to less
than 40 atom% of tin with the remaining portion substantially
consisting of copper. When the tin content in the copper-tin alloy is
tess than 10 atom%, it may result in appearance change due to corrosion
or discoloration by confact with water, salt water, body fluid or other
fiuid. Antimicrobial activity increases with increasing copper content.
[0036] The copper-tin alloy layer may contain additional element(s)
as long as the above copper content and tin content are satisfied. 1In
this way economic efficiency, affinity for liquids, affinity for substrates,
color tone of the metal thin film, etc., may be adjusted. For example,
the copper-tin alloy may contain such metals as aluminum, germanium,
berylium, nickel and/or silicon, which have vapor pressures close to
that of copper in melted state. The copper-tin alloy layer may also

contain additional antimicrobial metals such as zinmc, silver and/or
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nickel, as long as corrosion resistance does not decrease.

[0037] Alloying of copper with tin for improved corrosion resistance
has been widely conducted in the field of bulk metal materials.
However, even today, the upper limit of the tin content in copper-tin
alloy, which has been used as bronze since ancient times, is about 10
atom%. Copper-tin alloys that contain greater than 10 atom% of tin
become more brittle. Thus, although such copper-tin alloys mayv be
used as a cast metal, they are not usually used as plate or rod material
that is subsequently subjected to plastic working process.

[00381 Since the copper alloy in the antimicrobial raw material of the
present invention is provided in the form of thin film disposed on the
substrate layer, even when a copper~tin alloy containing greater than 10
atom% of tin is used, the antimicrobial raw material has processability
and durability during use.

{003%] There is mo particular limitation on the thickness of the
copper-tin  alloy layer, and it is only necessary that desired
antimicrobial activity can be ensured. The thickness is preferably 200
nm or less, more preferably 100 nm or less. When making the
copper-tin alioy layer translucent, the thickness is preferably 50 nm or
less, more preferably 30 nm or less. The thickness of the copper-tin
alloy layer is preferably 5 nm or more, more preferably 10 nm or more.
This is to entirely cover the surface of the substrate layer with the
copper-tin alloy layer as well as to obtain uniform antimicrobial
activity.

[0040] When the substrate laver is provided as woven fabric,
nonwoven fabric or the like, the deposition amount of the copper-tin

alloy is preferably 1.0 mg/mm2 or less, more preferably 0.5 mg/mm” or
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less. When making the copper-tin alloy laver translucent, the
deposition amount of copper-tin alloy is preferably 0.25 mg/mm” or less,
more preferably 0.15 mg/mm® or less. The deposition amount of
copper-tin alloy is preferably 0.025 mg/mm? or more, more preferably
0.05 mg/mm” or more. This is to entirely cover the surface of the
substrate layer with the copper-tin alloy layer as much as possible as
well as to obtain uniform antimicrobial activity.

[0041] Q value (© / (nm-Cu atom%)), which is obtained by dividing
sheet resistance (£)) of the copper-tin alloy layer by a product of its
thickness (nm) and copper atom content (Cu atom%) therein, is
preterabiy 0.001 to 0.007, more preferably 0.003 to 0.605., When Q
value of the copper-tin alloy layer is less than 0.001, the density of the
copper-tin alloy layer is so low that film strength may become
inadequate. When Q value of the copper-tin allov layer is greater than
0.007, the density of the copper-tin alloy layer is so high that the
resuitant antimicrobial raw material tends to less flexible. In order for
Q value of the copper-tin alloy layer to fall within the above range, for
example, the copper-tin alioy layer is preferably formed by vapor
deposition rather than sputtering.

[0042] The antimicrobial raw material of the present invention may
further include an adbesive layer on the surface of the substrate layer
opposite from that on which the copper-tin alloy layer is formed. The
adhesive layer is preferably such that it allows the antimicrobial raw
material once applied to the article surface to be detached (releasable
adhesive layer). The reason for this is that the antimicrobial raw
material needs to be detached in such cases where antimicrobial activity

and other properties have deteriorated due to attachment of dust on the
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surface of the copper-tin alloy layer, or where appearance has been
impaired.
f0043] There is no particular limitation on the type of the adhesive
agent used for the adhesive layer; any of rubber adhesive agents,
acrylic adhesive agents, silicone adhesive agents, urethane adhesive
agents and other adhesive agents may be used,
[06044] The antimicrobial raw material of the present invention may
include additional lavyer{s) as needed. The additional layer may be a
layer having water absorbability, water repellency, light scattering
property, surface smoothness, good appearance (e.g., color or gloss) or
other property.
[0045] When the antimicrobial raw material is provided as a film, the
amount of curvature is preferably 2 mm or less, more preferably 1.5 mm
or less, as measured when the film dimension is 4 ¢m in width, 10 cm in
length and 25 um in thickness. The amount of film curvature is
measured as the amount of curvature from the surface of the film prior
to thin film deposition after aliowing the thin-film deposited film to
stand at 23C" at 50% RH for 24 hours. As will be described later,
since the antimicrobial raw material of the present invention can be
prepared without high-temperature annealing, it has the advantage of
smaller amount of warparge .
{00461 2. Method for Producing Antimicrobial Raw Material

An antimicrobial raw material of the present invention can be
produced by a step of depositing a copper-tin alloy layer on one side of
a substrate layer.
[0047] There is no particular limitation on the method of forming the

copper-tin alloy layer. As for physical deposition methods, vacuum
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deposition, ion plating, sputtering, laser deposition, arc deposition,
spraying, hot dip coating, etc., can be exemplified. As for chemical
deposition methods, electroplating, electroless plating, plasma CVD,
thermal CVD, etc., can be used.

[0048] Of these thin-film deposition methods, vacuum deposition, ion
plating and electroplating are known as the most productive methods.
It is generaliy said that these three deposition methods are difficult io
be used for the production of alloy thin films. The reason for thisg is
that while there is need to make a ratio among the evaporation rates of
cach alloy elements constant during the formation of an alloy thin film
by vacuum deposition or ion plating, the vapor pressure of metal at a
particular temperature greatly varies from one element to another, and
so too does the evaporation rate,

{0049} Specifically, when an alloy evaporation source is heated and
melted, only an element with higher vapor pressure (element A) first
evaporates, and after e¢lement A has almost evaporaied leaving little
amount of element A in the evaporation source, the evaporation rate of
an element with lower vapor pressure (element B) gradually increases
and eventually only element B evaporates. Alloys with a controlled
composition range cannot be obtained in such a process. While it has
been kmown to alloy metals by means of annealing (heating) as
disclosed by Patent Literature 7, annealing requires high temperature
and therefore is not necessarily preferable because of the limited the
choice of the substrate materials. For this reason, commonly, two or
more Separate evaporation sources are prepared, each of which contains
one of the alloy elements. The heating temperature of ecach

evaporation source is then independently controlled so as to control the

19



10

15

20

25

2F10180-PCT

evaporation rates of the alloy elements. Such a control scheme, of
course, causes price increase in manufacturing equipment.

f0050}] As shown in FIG.1, copper and tin have very similar vapor
pressure over & wide temperature range from 1,050C° to 1,500C".
Thus, it has been established that even when a single copper-tin ailoy
evaporation source is used, it is possible to produce a copper-tin alloy
deposited film with a relatively controlled alloy composition, in
contrast to cases where alloy systems other than copper-tin alloy are
used. The use of a single copper-tin alloy evaporation source is
advantageous because cost reduction can be realized.

[0051}] 1t should be noted, however, that the composition of the
evaporation source does not necessary match the composition of the
resultant deposited film; the composition of the deposition film is
determined by various factors including specific gravity in melted state,
in addition to vapor pressure of respective alloy metals. For this
reason, it is difficult to predict the metal composition of the deposited
thin film.

[0052] As a result of extensive studies, the inventors have also
established that in copper-tin alloy systems, when the tin proportion is
15 atom% or more, the composition of the evaporation source becomes
close to that of the deposited film. It is generally known that when
deposition is continvously conducted using an alloy deposition source,
some of the alloy elements predominantly evaporate and thereby the
composition of the remaining evaporation source deviates from the
original composition, so that the composition of the film being
deposited likewise gradually deviates from the original composition.

The inventors have alsc established that the amount of deviation in
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composition can be relatively reduced when the tin proportion in the
deposited film is 15 atom% or more. For cxample, when the alloy
deposition source contains 24 atom% to 33 atom% of tin, the
composition of the deposited film at the start of the deposition process
and the composition of the deposited film at the time where about
two-third of the evaporation source has been consumed both satisfy the
claimed ranges of antimicrobial metals. It is thus possible to
efficiently form thin films of antimicrobial metal without having to
perform any special additional step, such as adding any of the
constituent metals during the deposition process.

{0053} A copper-tin alloy deposited film produced from a single alloy
deposition source are not only cost-effective compared to those
produced using two or more deposition sources, but tend to have a
uniform alloy composition. Thus, in the present invention, it is
preferable to form the copper-tin alloy layer by simultaneous vapor
deposition using a single alloy deposition source. More specifically,
the antimicrobial raw material of the present invention is preferably
produced by the steps of: providing a deposition source consisting of
copper-tin alloy; placing a substrate so as to face the deposition source;
evaporating the deposition source to generate a metal vapor; aliowing
the metal vapor to contact the substrate to form thereon a copper-tin
alioy layer. There is no particular limitation on the substrate; however,
it is preferably resin which has a deflection temperature under load of
115C" or below as measured in accordance with ASTM-D648-56 under a
load of 1,820 kPa, natural fiber or paper.

[0054] The deposition source is preferably a copper-tin deposition

source which contains over 60 atom% to 85 atom% of copper and 15
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atom% to less than 40 atom% of tin. This is to obtain the
above-described copper-tin alloy layer which contains over 60 atom% to
90 atom% of copper and 10 atom% to less than 40 atom% of tin.

[Q055] Thus, there is no need to form thin films of respective alloy
metals and to anneal the films for metal alloying as has been required
by prior art. It is thus made possible to form a copper-tin alloy
deposited film directly onto even a substrate layer with relatively low
heat resistance,

[0056] When the antimicrobial raw material of the present invention
is provided as a nonwoven fabric or woven fabric, it can be produced by
depositing a thin film onto a resin film or paper, cutting the resultant
thin film-deposited film or paper, and mixing it with other material.
For example, a polyester film having a copper-tin alloy thin film
deposited on the surface is cut into amtimicrobial polyester slit yarn;
yarn is spum from strands of the polyvester slit yarn or from strands of
the polyester slit yarn and other yarn; and strands of the obtained varn
or stands of the obtained varn and other varn are woven into fabric, In
this way it is possible to readily obtain textile goods with controlled
water abserbability, texture, hardness, durability, heat resistance, etc.
{6057] When the antimicrobial raw material of the present invention
includes an additional layer, the substrate layer and addition layer may
be lavered on top of each other with any known layering method.
Examples of the layering method include co-extrusion of the substrate
layer and additional layer, and lamination. Lamination may be carried
out using an adhesive or other agent as needed.

f0058}  Antimicrobial paper can also be produced by cutting a

copper-tin alloy thin film-deposited film or paper into picces and
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mixing them with paper material. Antimicrobial raw material can also
be produced by mixing, for example, crushed pieces of a substrate such
as a copper-tin alloy thin film-deposited plastic film or copper-tin alloy
thin film-deposited inorganic particles with plastic material, and
molding the mixture inte a desired shape by extrusion molding,
injection molding, transfer molding or other method. These methods
in which cut or crushed pieces of a copper-tin alloy thin film -deposited
substrate are formulated upon article manufacturing have the advantage
of being capable of readily producing antimicrobial articles of various
forms. On the other hand, since articles produced in this way are not
entirely covered with copper-tin alloy on their surface, they have lower
surface antimicrobial effect than those eatirely covered with copper-tin
alloy on their surface.
fO059] 3. Application of Antimicrobial Raw Material

As described above, the antimicrobial raw material of the
present invention has high antimicrobial activity and high corrosion
resistance. For this reason, the antimicrobial raw material of the
present invention is preferably used as various antimicrobial materials,
Examples of antimicrobial materials include medical materiais, home
materials, purification materials, agricultural materials, and various
surface protection films.
[0060] Examples of the medical materials include medical devices,
drug containers, personal protectors for infection prevention (including
masks etc.), dressings, wound dressing films, and adhesive bandages.
Examples of the home materials include storage containers or packaging
materials for food, drinking water, domestic water, flowers and

ornamental plants; kitchen materials such as cutting boards and food

23



10

15

20

25

2F10180-PCT

refuse catching materials; bathroom materials such as washbasin and
bathroom seats; cleaning materials such as dishcloths and dustcloths;
garment materials such as clothes, footwear and bag; residence
materials snch as curtain, matting, and bedding; sanitary materials such
as masks, simple toilet bowsl, toilet seats, disposable diapers and
sanitary protection products. Exampies of the purification materials
include gas cleaning filters and fluid cleaning filters. Examples of the
agricultural materials include maulii-sheets, filters for hydroponic
culture, sheets for seedling boxes, frnit covers, and light refiective
sheets for fruit coloring. Examples of the surface protection films
include touch panel protection films which are attached to the
touch-pane!l screen of displays.

[0061] The antimicrobial raw material of the present invention can
also be processed into suitable shape as needed for use as building
materials to be attached to the surface of various buildings. Examples
of such building materials include these attached to rest rooms,
bathrooms, shower rooms, laundry rooms and kitchens of facilities;
cooking rooms of food-handling facilities; the boundary between the
general ward isolation ward in medical facilities, rooms in front of
intensive care units, and medical devices; rooms in front of cleaning
rooms of semiconductor mills; building structures such as enirance and
footgear room of buildings, or the wall, floor or fitiing frame or the
surface o©of doors, windows, handrails, electrical switches, kitchen
counters, sinks, cocks, bathtubs, toilet bowls, furniture, and fixtures

instalied to them.

Examples
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{0062} Hereinafter, the present invention will be described in detail
with reference to Examples and Comparative Examples, which however
shall not be construed as limiting the scope of the invention.

(Example 1)

As a substrate film, a 50 pm-thick biaxially stretched
polypropylene film (Mitsui Chemicals Tohcello, Inc., deflection
temperature under load (1,820 kPa): 57°C to 63°C) is provided. The
substrate film is loaded 400 mm above the evaporation source in a
evaporator.

10063} 18.0 g of purc copper (purity: 99.9%) particles of 1-2 mm size
and 12.0 g of pure tin {purity: 99.9%) particles of 1-2 mm size {total:
30 g) are weighted into a metallic container and thoroughly mixed to
prepare an evaporation source consisting of 74 atom% (60 wt%) copper
and 26 atom% (40 wt%) tin. The evaporation source is placed in a
melting pot of the evaporator, and the apparatus is vacuumed to a
pressure of 107 Pa or less. Subsequently, in order to aveid excessive
scattering of the evaporation source, the melting pot and evaporation
source are slowly heated with electron beams, completely melting the
evaporation source in the melting pot to prepare an alioy evaporation
source.  After allowing the allov evaporation source to stand for
cooling in vacuum, the evaporation source is again heated with clectron
beams to deposit a copper-tin alloy thin film onto the substrate film
placed about 400 mm above the evaporation source. Deposition rate is
set to 10 nm to 15 nm per second. The obtained copper-tin alloy thin
film is 50 = 10 nm in thickness,

{0064} (Examples 2 to 5)

Copper-tin alloy thin films are formed on substrate films in the
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same manner as in Example 1 except that tin proportion in the
gvaporation source is changed as shown in Table 1 while ensuring that
the total amount of metals charged to prepare the evaporation source is
30 g.

[0065] (Example 6)

A copper-tin-aluminum alloy thin film is formed on a substrate
film in the same manner as in Example 1 except that 18.0 g of pure
copper {purity: 99.9%) particles of 1-2 mm size, 6.0 g of pure tin
(purity: 99.9%) particles of 1-2 mm size, and 6.0 g of pure aluminum
{purity: 89.9%) particles of 3-5 mm size (total: 30 g) are weighted to
prepare an alloy evaporation source with a metal composition of 51
atom% {60 wt%) copper, 9 atom% (20 Wt%) tin and 40 atom% (20 wt%)
aluminum.

[0066] (Example 7}

As a substrate film, a 50 um-thick biaxially stretched
polypropylene film (Mitsui Chemicals Tohcello, Inc., deflection
temperature under load (1,820 kPa) of 57°C to 63°C) is provided. The
substrate film is loaded into a DC sputtering apparatus.

[0067] Pure copper (purity: 99.99%) sputfering target and pure tin
(purity: 99.99%) sputtering target are also loaded into the DC
sputtering apparatus. After adjusting the level of direct current to be
applied to each target such that an alloy thin film consists of 90 atom%
copper and 10 atom% tin, a copper-tin alloy thin film is deposited onto
the substrate fiim. The copper-tin alioy thin film thus obtained is 50
nm in thickness.

[0068] (Examples 8 and 9)

Copper-tin alloy thin films are formed on substrate films in the
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same manner as in Example 7 except that the level of direct current
applied to the target is adjusted such that the tin proportion in the
resuliing alloy thin film has the value shown in Tabie 2.

[0069] (Example 10 and Comparative Example 19)

Copper-tin alloy thin films are formed on substrate films in the
same manner as in Example 1 except that the copper-tin alloy thin films
are vapor-deposited such that the tin proportion in the alloy thin film
and film thickness are as shown in Table 2.

{0070} (Example 11 and Comparative Example 20)

Copper-tin alloy thin films are formed on substrate films in the
same manner as in Example 7 except that alloy thin .films are
sputter-deposited such that the tin proportion in the alloy thin film and
film thickness are as shown in Table 2.

{0071} (Comparative Exampie 1)

A copper-tin alloy thin film is formed on a substrate film in the
same manner as in Example 1 except that 24.0 g of pure copper (purity:
99.9%) particles of 1-2 mm size and 6.0 g of pure tin {purity: 99.9%)
particles of 1-2 mm size are weighted to prepare an alloy evaporation
source with a metal composition of 88 atom% (80 wt%) copper and 12
atom%(20 wt%) tin,

[0072] (Comparative Example 2)

A copper-tin alloy thin film is formed on a substrate film in the
same manner as in Example 1 except that the tin proportior in the alloy
evaporation source is changed as shown in Table 3.

{0073] (Comparative Example 3)
A copper-aluminum alloy thin film is vapor-deposited onto a

substrate film in the same manner as in Example | except that 25.5 g of
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pure copper (purity: 99.9%) particles of 1-2 mm size and 4.5 g of pure

aluminum {(purity: 99.9%) particles of 3-5 mm size (total: 30 g} are
weighted to prepare an alloy evaporation source with a metal
composition of 70 atom% (85 wt%) copper and 30 atom% (15 wt%)
aluminum.

[0074] (Comparative Exampie 4)

A copper-aluminum alloy thin film is vapor-deposited onto a
substrate film in the same manner as in Comparative Example 3 except
that the aluminum proportion in the alloy evaporation source is changed
as shown in Table 3.

[0075] (Comparative Example 5)

A copper-germanium alloy thin film is vapor-deposited onto a
subsirate film in the same manner as in Example 1 except that 20.0 g of
pure copper (purity: 99.9%) particles of 1-2 mm size and 10.0 g of
irregular pieces of pure germanium {(purity: 99.9%) (total: 30 g) are
weighted to prepare an alloy evaporation source with a metal
composition of 70 atom% (67 wt%) copper and 30 atom% (33 wt%)
germanium.

[0076} (Comparative Example 6)

A copper-germanivm alloy thin film is vapor-deposited onto a
substrate film in the same manper as in Comparative Example 5 except
that the germanium proportion in the alloy evaporation source 1s
changed as shown in Table 3.

100771 {(Comparative Example 7)

A 3 mm-diameter brass rod (30.C g) consisting of 60 wt% copper

and 40 wi% zinc is prepared as an evaporation source. To prepare a

massive alloy evaporation source as in Example 1, the evaporation
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source is heated for melting, but a colorless metal film is deposited
onto the window of the evaporator before melting of the evaporation
source occurs. Further, an alloy thin film is vapor-deposited onto a
substrate film 1n the same manner as in Example 1. However, the
resultant thin film and the remaining evaporation source both have the
same color as pure copper.

6078} {(Comparative Example 8)

A brass sputtering target (60wt % copper and 40 wt% zinc) is
loaded intc a DC sputtering apparatus. A 50 nm-thick alloy thin film
is then formed on a substrate film by sputtering.

[0079] ({(Comparative Example 9)

A copper-silicon alloy thin film is vapor-deposited onto a
substrate film in the same manner as in Example 1 except that 25.2 g of
pure copper (purity: 99.99%) particles of 1-2 mm size and 4.8 g of
irregular pieces of pure silicon (purity: 99.99%) (total: 30 g) are
weighted to prepare an alloy evaporation source with a metal
composition of 70 atom% (84 wi%) copper and 30 atom% (16 wt%)
silicon. The resultant alloy thin film has the same color as pure
copper,

[6080] (Comparative Example 10)

A tin thin film is formed on a substrate film in the same manner
as in Example 1 except that 30 g of pure tin (purity: 99.9%) particles of
1-2 mm size is weighted to prepare an evaporation sonrce.

{00811 (Comparative Example 11)

A copper thin film is formed on 2 substrate film in the same

manner as in Example 1 except that 30 g of pure copper (purity: 99.9%)

particles of 1-2 mm size is weighted to prepare an evaporation source.
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FOO82] (Comparative Example 12}

A pure copper sputtering target (purity: 99.99%) is loaded into 2
DC sputtering apparatus. A 50 nm-thick copper thin film is then
deposited onte a substrate film by sputtering.

[0083] (Comparative Example 13}

A silver thin film is formed on 2 substrate film in the same
manner as in Example 1 except that 30 g of pure silver (purity: 99.9%)
particles of 1-2 mm size is weighied to prepare an evaporation source.
[0084] (Comparative Example 14}

A pure silver sputtering target {purity: 99.99%) is loaded into a
DC sputtering apparatus. A 50 nm-thick silver thir film is then
deposited onto a substrate film by sputtering.

{0085} (Comparative Examples 15 and 16)

Copper-tin alloy thin films are formed on substrate films in the
same manner as in Comparative Examples 1 and 2 except that the
copper-tin alloy thin films are subjected to annealing at 200C° for 2
hours In an oven.

[0086] (Comparative Example 17)

A copper-tin alloy thin film is formed on a substrate film in the
same manner as in Example 1 except that the copper-tin alloy thin f{ilm
is formed by wvapor deposition such that the tin proportion in the
resultant alloy thin film and its thickness are as shown in Table 5.
[0087] {Comparative Example 18)

A copper-tin alloy thin film is formed on a substrate film in the
same manner as in Example 7 except that the copper-tin alloy thin film
is deposited by sputtering such that the tin proportion in the resultant

alloy thin film and its thickness are as shown in Table 5.
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[0088] 1) Q value, 2) surface smoothness and 3) XRD of the thin films

of some of Examples and Comparative Examples are measured as
described below.
[00891 1) Q value

The films prepared in Examples 10 to 11 and Comparative
Examples 12, 17 1o 20 are cut into pieces of given size to prepare
sample films. The electrodes of four terminals composed of current
source terminals of an electric current feeder and of voltage detection
terminals of a voltage meter are pressed against the thin film surface of
each sample film. Sheet resistance is then measured using the DC four
terminal method, by applying the following direct currents to the thin
film surface of the sample film and measuring the change in voltage,

Direct current: 1x107° (A), 2x10°° (A), 5x10°° (A), 1x107° (A),
2x107° (A), 2x107° (A).

Current supply equipment: KEITHLEY220 PROGRAMMABLE
CURRENT SOURCE

Voltage application equipment: KETHLEY 196 SYSTEM DMM is
used,
[6090] Q value (Q / (nm-Cu atom%) is obtained by dividing sheet
resistance (L) by a product of film thickness (nm) and copper atom
content.
[0091] 2) Surface Smoothness

'I?hc films prepared are cut into pieces of given size to prepare
sample films. The surface smoothness (unit: nm) of the thin film of
each sample film is measured with a Detak-IIT surface profiler (ULVAC)
under the following condition:

Load: 25 mg
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Needle: diamond needle of 12.5 nm radius
[0092]1 3) XRD

The films prepared are cut into pieces of given size to prepare
sample films. XRD of the thin film of each sample film is measured
with a X-ray diffractometer (Rigake, RINT 1500) under the following
condition:

X ray target: Cu

X-ray: Cu K ALPHAI

Goniometer: wide angle goniometer

Scan speed: 27 / min

Scan step: 0.02°

Scan range: 3 to 100°

FIG.2A shows XRD data of a vapor-deposited film of Example 1,
and FIG.2B shows XRD data of a sputter-deposited film of Example 12.
In FIG.2 the horizontal axis represents 2 0(7}) {(where 0 is incident angle),
and the vertical axis represents intensity (cps).
[0093] The following Tests A to D arec conducted for the films
prepared in Examples 1 to 9 and Comparative Examples 1 to 14, Tests

E and F are also conducted for some of the films as well as for the films

prepared in Comparative Examples 15 and 16.
[0094] Test A (metal composition analysis)

A part of each film is cut inte an approximately 3 mm square
piece to prepare a sample film. Metal atoms contained in the thin film
of the sample film are detected by energy dispersive spectroscopy
(EDS) to measure the atomic proportion of the doped metal other than
copper {e.g., tin in Example 1) among all of the detected metals.

[0095] Test B (antimicrobial activity test)
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The films prepared are cut into 50 mm square pieces to prepare
sample films.  Antimicrobial activity test against Staphylococcus
aureousis is conducted for these sampie films in accordance with JIS Z
2801,

[0096] Colony counts for the bacteria detected after the test are given
in Tables 1 to 5 as colony count (A) measured 24 hour after the test.
Note that the absence of any bacteria is denoted as "<10" in Tables 1 to
5. Values of the common logarithm of the quotient of colony count for
the bacteria detected on a polyethylene plate as a control article and
colony count (A) are also given in Tables 1 to 5 as values for
antimicrobial activity. Note that the test is split into multiple sessions.
Since each session has a different colony count for control, some of the
sample films show the same antimicrobial activity even when they have
different values for colony count (A).

100697} Test C (durability test; degradation by contact with hot water)

The films prepared are cut into 50 mm square pieces to prepare
sample films, and are attached to the wall of 2 bathroom. After
showering the surface of the sample films with 40£2C° hot water for 30
seconds with a hand shower, 40£2C" hot water droplets are splashed
against the film surface, and the sample films are allowed to stand for
drying without wiping off the water droplets attached. This procedure
is conducted for 3 days twice per day, after which the degree of
degradation of the metal thin film is visually evaluated. The same
procedure is then conducted for a further 4 days, and then the degree of
degradation of the metal thin film (7 days in total} is visually
evaluated,

[0098} The degree of degradation of the metal thin film is evaluated

33



10

20

25

2F10180-PCT

in terms of the occurrence of discoloration and the presence or absence
of film loss (peeling) of the metal thin film.
{Discoloration)

(: No discoloration in metal thin film

x: Discoloration in metal thin film
(Film loss)

Evaiua.tion is made by judging whether or not film peeling
occurs (specifically, whether or the substrate layer is exposed and
visible) after peeling a double-faced adhesive tape attached to the metal
thin film.

0O: No film Joss (pecling) in metal thio film

x: Film loss in metal thig film
[0099] Test D (durability test: degradation by contact with salt water)

The films prepared are cut into 50 mm square pieces to prepare
sampie films. The surface of the sample films is wiped with a loosely
squeezed saline-wetted gauze three times under a pressing load of 2 =
0.5N, and tbe sample films are allowed to stand for drying without
wiping off water droplets attached. This procedure is conducted for 3
days twice per day, after which the degree of degradation of the metal
thin film is visuvally evaluated. 'The same procedure is then conducted
for a further 4 days, and then the degree of degradation of the metal
thin film (7 days in total} is visually evaluated.
f0100} The degree of degradation of the metal thin film is evaluated
in terms of the occurrence of discoloration and the presence or absence
of film loss (peeling) of the metal thin film.

{(Discoloration)

(: No discoloration in metal thin film
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x: Discoleoration in metal thin film
(Film loss)

Evaluation is made by judging whether or not film peeling
occurs. {specifically, whether or the substrate layer is exposed and
visible) after peeling a double-faced adhesive tape attached to the metal
thin film.

O: No film loss (peeling) in metal thin film

x:  Film loss in metal thin film
[0101] Test E (curvature)

A 25 pum-thick biaxially stretched polypropylene film is cut into
a4 ¢cm x 10 cm piece to prepare a sample film. A 50 nm-thick thin
film 1s deposited onto the sample film. The amount of curvature (mm)
of the film sample is measured from the surface of the film sample prior
to thin film deposition after allowing it stand at 23C" at 50% RH for 24
hours. The amount of curvature of the film sample is measured as the
mean vaiue of the vertical distances of the lengthwise ends of film from
the horizontal surface.

[0102] Test F {abrasion resistance test}

A 50 nm-thick thin film is deposited onto a sample film which is
obtained by cutting a 25 um-thick biaxially stretched polypropylenc
into a 4 cm x 10 cm piece. The surface of the thin film on the sample
film is scratched with a water-wetted felt cloth under.a toad of 3 kgf,
and the number of scratches it takes until the color of the underlying
substrate layer becomes visible is counted. The larger number of
scratches it takes until the color of the substrate laver becomes visible
mecans higher abrasion resistance of the thin film. FIG.3 shows the

surface state of the thin film of the sample film of Example 1 after if
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has been scratched 30 times.
{0103} The cvaluations resulis of Examples 1 to 6 are given in Table 1,

the evaluation results of Examples 7 to 11 and Comparative Examples

19 to 20 are given in Table 2, the evaluation results of Comparative
Examples 1 to 6 are given in Table 3, the evaluation results of
Comparative Examples 7 to 12 are given in Table 4, and the evaluation
results of Comparative Examples 13 to 18 are given in Table 5. Note
in Tables 1 to 5 that the film composition and evaporation source
composition represent metal content {atom%) other than copper. For
example, [Sn:20] means [Ce/Sn = 80 atom% / 20 atom%]. Non-tested

items are designated as [-].
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[0104] From the evaluation results of Examples 1 to 9 given in Tables
1 and 2 and the evaluation results of Comparative Examples ! to 14
given in Tables 3 to 5, it can be seenm that the films having the
copper-tin alloy thin films of Examples 1 to 9 have sufficiently higher
antimicrobial activity than those of Comparative Examples 1 to 14, It
can also be seen that the films having the copper-tin ailoy thin films of
Examples 1 to 9 showed no discoleration or film loss both after the
3-day degradation test by hot water showering and the 3-day
degradation by salt water contact, thus showing superior corrosion
resistance compared to the films having the copper-tin alloy thin films
of Comparative Examples 1 to 14, It can be particularly seen that the
films having the copper-tin thin films containing 15 atom% or more of
tin showed mno discoloration or film loss even after the 7-day
degradation test by hot water showering and after the 7-day degradation
by salt water contact, thus showing much higher corrosion resistance.
[0105] Comparison of Examples 1, 2, 8 and 9 with Comparative
Examples 15 and 16 reveals that the amount of film curvature can be
significantly reduced when annealing treatment is not conducted.

f0106] Comparison of Example 10 with Example 11 reveals that the
vapor-deposited alloy thin films bhave smaller € value than the
sputter-deposited alloy thin films and thus are less dense (i.e., sparse).
It can also be seen that the vapor-deposited alleoy thin films have high
abrasion resistance as well as superior film strength and adhesion to
substrate film compared to the sputter-deposited alioy thin films, As
shown in FI1G.3, it can be seen that the color of the substrate layer is
not yet confirmed after scraiching the thin film surface of the sample

film of Example 1 30 times.
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fG107} From the XRD data shown in FIG.2, it is confirmed that the

unstable peak of Cuq:Sny; is more intense for the vapor-deposited alloy
thin films than for the sputter-deposited alloy thin films. It can be
seen that alloy thin film abrasion resistance increases with increasing
intensity of the unstabie peak of Cu4ySn;,.  The relatively large peak
confirmed in FIG,.2B is considered to be a peak derived from the
substrate (PET).

[0108] This application is entitled and claims the priority of Japanese
Patent Application No.2009-206818 filed on September 8, 2009, the
disclosure of each of which including the specification, drawings and

abstract is incorporated berein by reference in its entirety.

industrial Applicability

[0109] According to the present invention, it is possible to relatively
inexpensively provide an antimicrobial raw material whick has high
antimicrobial activity and high corrosion resisiance and which can be
directly deposited even onto low-heat resistant plastic substrates.
Thus, the antimicrobial raw material can be suitably used as a flexible

antimicrobial raw material.
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CLAIMS

Claim 1 An antimicrobial raw material comprising:

a substrate layer made of resin, natural fiber or paper, the resin
having a deflection temperature under load of 115C° or below as
measured in accordance with ASTM-D648-56 under a 1oad of 1,820 kPs;
and

a copper-tin alloy layer disposed on the substrate layer, the
copper-tin alloy layer containing over 60 atom% to 90 atom% of copper
and 10 atom% to less than 40 atom% of tin,

wherein the copper-tin alloy layer has a thickness of 5 nm to 200

nim.

Claim 2 The amtimicrobial raw maeaterial according to claim i,
wherein the copper-tin alloy layer contains 15 atom% to less than 40
atom% of tin, with the remaining portion substantially consisting of

copper.

Claim 3 The antimicrobial raw material according to claim 1,
wherein the substrate layer is made of material selected from the group
consisting of polyethylene terephthalate, polyethylene naphthalate,

polyethylene, and polypropylenc.

Claim 4 The antimicrobial raw material according to claim 1,
wherein Q value (Q / {nm-Cu atom%)}) is 0.001 to 0.007, the Q value
being obtained by dividing a sheet resistance ({2} of the copper-tin alloy
laver by a product of thickness of (mm) and copper atom content (Cu

atom%) of the copper-tin alioy layer.
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Claim 5 An antimicrobial raw material comprising:

a substrate layer; and

& copper-tin alloy layer disposed on the substrate layer, the
copper-tin alioy layer formed by simultancous vapor deposition using
an evaporation source composed of a copper-tin alloy containing over
60 atom% to 85 atom% of copper and 135 atom% to less than 40 atom%

of tin, the copper-tin alloy layer having a thickness of 5 nm to 200 nm,

Claim 6 The antimicrobial raw material according to any one of
claims 1 to 5, wherein the copper-tin alloy layer covers the entire or

part of an outermost surface of the antimicrobial raw material.

Claim 7 The antimicrobial raw material according to claim 1,
wherein the antimicrobial raw material is a film, and when the film is 4
c¢m in width, 10 cm in length and 25 pm in thickness, an amount of

curvature 1s 2 mm or less,

Claim 8 The antimicrobial raw material according to claim 1,

wherein the subsirate layer is 2 nonwoven fabric, woven fabric or yarn.

Claim 9 A method for producing anm antimicrobial raw material,
comprising:

providing an evaporation source composed of an copper-tin alloy
containing over 60 atom% to 85 atom% of copper and 15 atom% to less
than 40 atom % of tin;

lacing a substrate so as to face the evaporation source:
D g p >
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evaporating the copper-tin alloy from the evaporation source to
generate a metal vapor; and

allowing the metal vapor to contact the substrate to deposit
thereon a copper-tin alloy layer containing over 60 atom% to 90 atom%

of copper and 10 atom% to less than 40 atom% of tin.

Claim 10 The method according to claim 9, wherein the substrate is
made of resim, natural fiber or paper, the resin having z deflection
temperature under load of 115C" or below as measured in accordance

with ASTM-D648-56 under a load of 1,820 kPa.

Claim 11 An antimicrobial material comprising the antimicrobial

raw material according to claim 1.
Claim 12 The antimicrobial material according to claim 11,
wherein the antimicrobial material is used as a touch panel protection

film.

Claim 13 The antimicrobial material according to claim 11,

wherein the antimicrobial material is used as medical material,

Claim 14 The antimicrobial material according to claim 11,

wherein the antimicrobial material is used as purification material.
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