2F10180-PCT DESCRIPTION Title of Invention ANTIMICROBIAL RAW MATERIAL AND METHOD
FOR MANUFACTURING THE SAME, AND ANTIMICROBIAL MATERIAL 5 Technical Field [0001]
The present invention relates to antimicrobial raw materials, methods for producing the same, and
antimicrobial materials. 10 Background Art [0002] To keep articles in sanitary condition, antimicrobial
substances %%l%?ﬂl‘g&:TO their surface under certain circumstances. For example, in food-handling
facilities, domestic kitchens and medical fapiiies Rt BsrROMred to keep the surface of the interior floor
and walls, 15instruments, fixtures or other articles germ-free in order to prevent possible contact
infection or pbienirfglaagsetbby harmful microorganisms such as bacterial pathogens attached to their
surface. It is alsQ rquuired to effecti\éﬁlexﬁrevent mold growth or food s ck;ﬁ)laces as house
par

poilage in su
closets or fo a8 Mrkich ghly ¥adrRit dnd |eé§x¥éntilé\%%1qﬁﬁaf395, % a building
where water s ergujatochang s Fondensefion IRGY SN IRAME(® iy RR{Rfacmde R the inside of
an air-conditioner or refrigerator. Thus, it has béen required to impart a harmful' microorganism
reductiog effect to the surface of articles such as building materials (e.g., wall paper), food 25storage
containers, and bathroom accessories. [0003] One widespread method of imparting a harmful
microorganistaakductioRiefkect to the article surface is to incorporate therein an 1 2F10180-PCT
antimicrobial agent or apply thereon antimicrobial agent-containing coating. Antimicrobial agents are
classified intB‘)g%]a]nicE 8 inbteaMiciantmitPabitlabenty |aTpaRicaPb; Morganim attiifityobial agents
such as silver ion-bearin zegijites are attracting attention hecause the 5halve a wider spectrum of
activity to harrnrﬁfglorﬁscgggﬁﬁ% YRS g RBOMRBHEAST \Rlebﬁ"zi’ %418 f&ss toxic to the human
body. [00041 Moreover, 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 growthph@kigese waetals have been widely used for eating utensils, wash-basin, building
materials, etc. Attempts have also been made to make use of the antimicrobial effect of copper and
copper alloy$G6pP#ifeclionkesntiaitindelical fetlitiesyorwtkdéviplacestiseis idbdnaPaterttkiteratures 1 to 8).
In fact, in some medical facilities, co%per and copper alloys are 15used for metallic parts (e.g., doors),

bed fences, BIE. {BEEIAIIRSYELT SHHBE h ARG aTEEIyHh & BT ABISIET ag &iXisedBeEted therein or

applied theregnfggé'u_q‘tn essasily.have a satisfactory haymful migroorganism redquction effect
because thelantimicroﬁféeiﬁa{agnt%%lgﬁvlseghén%%reosgfgl ﬁé‘t?\ﬁﬁ/nt% %Iﬁ%y fimitec Zﬁgfﬁi%gf i

microorganisgs,;whgnsedsinglypbagause.neye strainsatresistant Mierpgrganiams,argsmore likely to
emerge, and so forth. [00061 Inorganic antimicrobial agents have a relatively superior effect of
reducing harmfutwnicrotrgdnttor.cslonevah dn thetcdse qfarticlrs prepaseddry 16Ceiaraiing inorganic
antimicrobial agents into polymer 25 materials, the antimicrobial agent is not necessarily exposed to
the entire suPfatE Bithe Gt andnfrstbifoRe, there BCASHSK MEat scpbpeiatiopyof Hegrmddh]

microorganism attached to non-exposed part of
g miCroorganisms suc)ip as %Ectcnal pathogens attached 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
20  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 redunction effect to the
surface of articles such as building materials (e.g., wall paper), food
25  storage containers, and bathroom accessories.
[0003] One widespread method of imparting a harmful microorganism

reduction effect to the article surface is to incorporate therein an
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2F10180-PCT the article is not affected by the agent 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. 5 Because these articles have
disinfecting at%ﬁ#%ve# he entire surface, there is no concern that such a case as described above -
where a populati id mful microorganism present on the surface free from inorganic antimicrobial
agent is not adfected:bybthé agentt- will opply. Nevestielesy, sienebtheirdgghtspesifid mrayity, the
obtained article 10becomes not only heavy, but costly. Moreover, articles made of silver or copper
have the dissRAthiege dhPEMGCEQBERDABRMS discSideibif by REhRIEARh WP HEA™F salt, which
makes their aéolﬁ?glrlacrgggig?or%)OOS] Aiﬂ;_iné; ﬁ'j%su;fgress such discoloration i mgtals sgﬁdies have

. 2 ntt icuiar, 1norganic. aimiciobia ai%l;]:n
been made on corrosSion-resistant alloys, in Ing bronze, which'is 15 composed primarily of copper

with tin as the gddifve,; AL ENFe. WBIGRiS £AMPeSEY RIIMAbL fbcOBRER #ad @lyminum as the
additive, and nickel silver, which is composed primarily of copper with nickel and zinc as the additives.
It has begn saiendifieallyiderifiegdbatsonue of i borrasiohaasisthnimdtioys fgawesamsantimicrobial effect
(see 20Non-Patent Literatures 1 to 6). However, they are not widely used in view of production costs,
weight, and progeBEDIRY NGOPIN o SxeiinplealFhiks boHE, @ rHetdl Wiey: dpddosed primarily of
copper with tiE %%%He additive, is known to havelgﬂ herlcorros'at()n resistance v]\gitftl increﬂlsirgg tin
proportion, it % es %8?806’&%33&%(5%%0 r@peéﬁlanai%ecre%%gg ddhls beComes fess
processable- fy (i 5AS0R, Mg %7 1 .Piale O RINAT fam/that Legipites sulbsaipyy processing,
the highest possible tin proportion is about 5 wt% (about 3 2F10180-PCT atom%) based on copper,
and in the casp-9tafcast thaloeguiresdiosibsequent forocessirgying highesi plassibiastin proportion is
about 10 wt% (about 6 atom%) based on copper. Thus, there is limitation in increasing corrosion
resistaride. Othtise otheyabariek wubinonibrbize SsgAefaralieyisampessdiprirasly-bhedbper and
aluminum as the additive) and nickel silver (metal alloy composed primarily of copper Wita%nickel and

zinc as the adAEEENEE Fipksrid CorrdsIoHTBE s BiHte b8 (REG LR dBR Ts88%8E to their
relattvely hioh PLOGUEIIRN.£eRta PEHIAD SRedliG ALRVIbG 6 4.0k Jupren FYI01BHN RaLtsilar as for
products having on their surface an antimicrobial thin metal film, poor appearance is a serious
problem. Thegitfage pf-Rulk CORPAL QL cpPENAIoY iscRvesed With apraladivalytstable xide film with a
thickness of the order of submicrons, which suppresses the progression of corrosion on their surface.
On the other 16 &and larfictes having amadiimicfolidl thin, ncetap fitna witk epthickaiéss cemsparable to
that of such an oxide film cannot be stably fixed to a substrate article because the antimicrobial thin
metal filhi undidrgbéSTrapidroXitl G et thé vk S5l eBtu< Eopper or copper alloy thin films
significantly df&gag by gontact with Wat?r com ared to bulk 20 copper. or cop %?II% 'clﬂlt particular,
oppé

) ) : . : t
since a pure thin Titm 1S [03t if & FeTative y short apnerlgagoafntll%eagyl&ll ization, when water

droplets remaip attaghgd to pRst ofanartighe Gaveragwith such & pre copagk thin filycpreduct quality
significantly decreases due to the creation of yellow brown spots at the part. 25[0011]Silver thin films,
on the other hamithfundergo bxidiZationmsidficientiy slowly epoot contaef fwith watenasxd thieefore raise
no problem for practical applications.However, since silver films 2F10180-PCT produce water-soluble
silver chloridexntizpirEotatagiASHS Wtheyh HavE (88 itk adyafitag sotat thdiruhieergt #is&oloration or
are lost ug;on contact with sweat or qther body fluid gs vl\;ith thin co%&er films, Wt}ich si?nifi(t:antly makes
their appBarafteDsoP BRI arolid sHidid s hage hedis Atade BhcSpiser by &5t Hfs. For
example,_papglr:E %Pﬁ%l‘%ﬁ&'{nﬁ@%% qﬂ{g]eylrtgug@ggg% ’rrhq;g_l St_[;lriiofp_{‘ﬂ_made of_, fo_r example,
copper, silver or alloy tontaining copper and/or silver as'an antimicrobial metal thin film are proposed
(see Patent Litepatsyes th&eganib patiicula; s pagiiicsekial mekaldd thin fiknita kefpeovided on
substrates, a Sn-Cu alloy thin film containing Sn-Cu alloy and 1 to 10 wt% of Sn02 is proposed (see
Patent Literatafergy HHong et mbwe of Paters drtsmturds dwe Ve study @ eetslethid filnhithas can
suppress corrosion by water or salt without reducing antimicrobial activity, nor do they disclose a Sn

amount that cBFFREARSe S JACR PARM IR LAPERRIHE SErHERAD Y A% SRtMIBIGORE HBYET with
improvegd.corrosion resistance amorphous alloy is_proposed which. contai %.to 30
atom%eg? Ta,r_’ig gfcl)%séo t%lﬁoaa%r)}rlﬁf}/g I(ng% %IUZa %?grﬁo% tl?)gglna%:)?nig/g%f ge‘% §tséer?1§g %g} 5{ gtom% of Ni,
and 6 atom% {q }fatos20 of GhisesrRatent igratwe.8hrbs apAN0Phous aloyhaving
antimicrobial activity, oxidization resistance, discoloration resistance and corrosion resistance, an alloy
is proposed thatoontdins batomdbiot mdre of Bz aisdior 1% ctehdwon orors ph b} gewebés Ti and Ni,
with the remaining portion substantially consisting of Cu (see Patent
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25Literature 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 2F10180-PCT like a plastic substrate, metal thin films
made of pure metal (e.g., copper or silver) can be produced with relatively good productivity by
vacuum deposition. It is difficult, however, to form alloy thin films containing two or more different
metals by vaéitith&eRogition. Thus, 5 alloy thin films are typically manufactured for example by flash
deposition - ayrelafively highstostrdeRAPPNIIOLESS: by Sigayianeous vapor deposition - a deposition
process in which two or more separate deposition sources are heated for deposition while being
independentff0éritrolledEanmpsprittaring arai tdss procusiiveddepositipropeseess. 10f [0@45] It should
be noted, however, that it has been suggested in the art that some combinations of metals can be
evaporated t3EBdSTORARAIBEAIN (hetal il &@ven wheRem dliesiisiasipldyecoas ersimglis deposition

source. For example, it has heen proposed |n the art to deposit a copper-tin_ alloy on a transparent
substrate by Hi&: ﬁ%{f HoZF551105 Sr%tli(o(égbﬁénl-?i% %ﬂf&f)‘%‘fﬁ ﬁrrﬁbﬁk}’bﬁ’ﬁi%ﬁpﬁoafas&ébt%@nt Literature

10). Morgov imli TpgJols rQsi ' 0 ctl tal film, it has also been
proposeg in %%gﬁ%g%%vg%&ygéfglgﬁ?egr%gﬁ ?ﬁ%a%v?ﬁhga& Jgg}gs&\g% {'Eﬁo?/ |flrg;I %%%“62%8&’ primarily of

copper and tifdseei Patentbiteraiuirenhl) s30iCitation d iskPatant lterating0016}[Rdl. 14 Japanese
Patent Application Laid-Open No0.11-179870 25[PTL 2] Japanese Patent Application Laid-Open

No0.2004-183080 [RTlibB]cfapanmds PatenpApplicitionprakk@pen ko 641824 BrfRTirdinJapanese
Patent N0.2947934 2F10180-PCT [PTL 5] Japanese Patent Application Laid-Open N0.09-505112
[PTL 6] JapadR8i8 Bt ATABHITARIAI L8 JentRb 266 £92B 3 o Tag 7R Y ap aridbed Patent Application
Laid-Open I\%gb%%ogiﬁ%ffgéw c{P‘;I' 83] f]naﬂpian S(}Patent h pligatiotn Latl'}g-o en No. 8-4{16115 [PTL 9]
Japanese Patent Application Laid-Open No. g4 22855 [%‘ﬁ_‘i‘b‘] FapaseSE BLRES APhitation

Laid-Opgn Ng:€0rd 295 IRk L Hedananaseatent Arplication.LaicOnRanNpd 91 QERA% [0017]
Non-Patent Literature 10[NPL 1] J.O.Noyce, et al., Journal of Hospital infection, (British), Hospital

Infection Societyp RPO6 husle6th  PA8IRAAtage MMlR) R Neoycihiettal.dArpliedaanch Bvironmental
Microbiology, (US), American Society for Microbiology, 2007, vol.73, no.8, p.2748-2750 15[NPL 3]
C.E.Santo, et@itaapiicl did Envwitofestdl Midibblotoale sUSY i AamaricanaBeciaty for Microbiology,
2008, vol.71 61 -P.977-986 NPL 4] J.Q.Nqyce, et al., Applied and Environmental
vicrobiolooy 1SS! Addegs éscf@é%%smi%v TG0 UGS Vbl 2msaRs 6 SRAdR0 B [NPL

5] S.A.Wilks l. national. | of Mj iology..,In ernat'ornarlll Union of Microbiological
Societies, ZObgé,ﬁvo%%%%, 3%4%%4%%{93 I%bFﬁ%ﬁt6]&%.%3§év%}r/?leuté§ﬂ,gﬂjuronaﬁ%f ,11%‘;6, all?nfection,

(British) s 25Hespiiak bifeatiam S0eiety c3p08: wit88:iR- 243 hdditi INPH (hPnkHPela fResearch
Report of the Toyama Industrial Technology Center, (1997), p.11-73-74 2F10180-PCT [NPL 8]

Niiyama et.at Begdaneseodupwaati op Derméitplodys dapanesedDenmnsitotogical Assaaiatitn:2009, vol.119,
p.899-906 Summary of Invention
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
20 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
25  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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5Technical 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 expensive as copper. Moreover, 10 tantalum
and niobium have the disadvantage of being unable to be rapidly deposited by means of vacuum
deposition, plgfi]r‘;bl%ﬂ'g%r method due not only to their high melting point but to lower water solubility
of their salts. fionitis reased, snetad pipier filmsdthiat can ke prodicedaalatively inaxpeasivaly as well as
have high antimicrobial 15activity and high corrosion resistance have not yet been available in the art.
[0019] Alloy thirb fitihscare PopRRe HiEsithitdhabes \Epbr BEpdsitiaT o spiferinga Wit sk¥ultaneous
vapor depositior‘]]b iq)g more preferable in vjew of cost, rodﬁf{gtivity etc.However, it has been difficult
with 20 simultaHBolROAoP dBWIBHone Gy 88t SHPRIy thit Hin ST CorBiLe Hiby Bomposition.

The simultaneous Xé‘ﬁ‘g dSPANEGR s clasaliied in@nt\/ygetygggégl)f]_gmuItmqgﬁﬁl@poqroq%osition in

which alloy is deposited from a single deposition source, and 2) simulfaneous vapor deposition in
which ansalloyrs dapasited franmine ar meiem2biseparatedianasition sauieesiprapaiedtos respective
metal components. Alloy thin films prepared from the former process have the disadvantage that the
alloy compositith thersds andyreiathe Heviates frontag 2Fa0180aROFafhap Gitkel epdsitioppsaurce. On the
other hand, the latter process has the disadvantage that production cost tends to increase due to the

necessity to CHttdt thkehdtthg Rt As BHANESr HBFe YESEERTOFOIERERR FidEHaRdENty.
5[0020]Underbttle§§ccir%urmsrg%rt]c%sdgxloyutpéla films re {x@iicrall)éifgtr]mvgp,b¥ila£nin?ti{ri1‘gcq'1i(§1nfilms made
of different métals ant sugjecting the 1aminated fifm to anneaﬁng at hig\h er%pe?a?ure. or example,
the Sn-Cu allgystﬁirhﬂmqgglwggigy Bajent - deratyrenfpis.formed by laminating layers of Cu and Sn
on a substrate to form multi-layer 10 plating and subjecting it to heat treatment (annealing).
High-temperdiié @hnedding drascthius.besn fequireckinctise detforglloyinghei mukizfayer plating
consisting of layers of Cu and Sn. For this reason, it has heretofore been impossible to directly deposit
alloy thin film&bate fd@mahtfdistaatal L s Rt R IsAEaBS frate sthtt 11 Sife RIRRESEble to

thermal discojlgj{gtg%r} tc%lrcteh%r al g(e%adaetiron (%.g%, Rapst gndgn%%ural fige&)_tkogmggthe tgresent
invention has been accomplis i Vidw of Ihet Pegom'g Sirdumstanges, and an O%jé‘é of the present
invention is tq poNidea JelatiMalyinaxRensivg Atmigralial Fauematerialuuit high 20, gigimicrobial
activity and high corrosion resistance, which antimicrobial raw material is directly deposned onto a
plastic film orsa gpibaisate tivhigh ig sisseeptibiecior toefmaldistoidration arethernalitegsaiskation, a
method for producing the antimicrobial raw material, and an antimicrobial material. 25 Solution to
Problen 00223 Tthedirfieors 416ne estaphishied thaE high dhtntttbbidractiily 9 20I86-PCT and
high corrosion resista e achieved at the same time by adjusting the copper-tin alloying ratio

nge can Y i
within & parti&i’lg‘rpr%{r?&gs Tie §AdEM rlgf%ﬂgo%\?é{b%?agli%eﬁafﬁéﬁtby %10%%3}?9 ﬁ’éegoﬁf)e?-tin alloying
ratio within a fustber, particylar.range., i is RassiRig 4 Lpshics: Hﬁl’&n # dERosfiign 9%9&92 pgr-tin alloy

film by simultaneous vapor deposition, deviation between the alloy composition ot the deposition

source and the gy cosapesition af the resultaniiifacand thiak shis spplkesdt Rassikle 4o1pkovide an
alloy thin film with a controlled alloy composition range even when using a single alloy deposition
source. 10 Morénérmthe iiaveiitorsthaves estdbliBechtiatalivit this fllenscprogaced frobmdksingle alloy
deposition source have good adhesion to substrate layer. The inventors thus established that

annealind for RRMGAMIFOMBEA Y beddnidd Uk esdRRFah d 4fi6yORY filntd Cahiha ditectly
deposited ontg jow:heat re JE‘@Q{?P'%ﬁ%&su%%%E%‘eéPrusn‘%‘é’s‘i%atesxt{‘a%tz%%%r;? S\%%H%e thlS Lo thermal
discoloration or thermal degradation.The present invention has Been accomplishe based on these
findings. [0023]Ayfitst asnget Pfthadiesant nension kelatesito aimicioRiah such a pure
copper thin film, product guality significantly decreases duc to the
creation of yvellow brown spots at the part.
25 {0011} Silver thin films, on the other hand, undergo oxidization

sufficiently slowly upon contact with water and therefore raise no

problem for practical applications. However, since silver films
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raw materials and production methods given below. [1]JAn antimicrobial raw material including: 20a
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 load of 1,820 kPa;
and a\?gggeg-tin alloy layer disposed on the substrate layer, the 25 copper-tin alloy layer
containing over 6*8tbimb to 90 atoms of copper and 10 atom% to less than 40 atom% of tin, wherein
the copper-tipaitbyclayen tassa thidknastvet 5aitotod2Q0 w0 W RET wma[2]The,ankigicrobial raw
material according to [1], wherein the copper-tin alloy layer contains 15 atom% to less than 40 atom%
of tin, with thBaemEsiry ertiont aapstantidly xorisiag sfisepperat &B]oTher arltiwicepioiml raw
material accordin% to liori;gg wherein the supstrate layer is made of material selected from the group

consisting of PAIY&ThyTE Bhia BB hAEHhIAS ASPHINAIAED RAYEH e Saritp 6l propylene.

[4] The antimi ' 1al rgi e of [1] to [3], 10 wherein Q value (i) (hnmCu
atom%o)) is gyg%%p{?g%yg%%% v%ﬁﬁg gg}%g%%%[{g% %S;/ dividing a sheet resistance (51) of the

copper-tin all@oleypr byas prrdyes @fdhicknas et furhand cRPPS pEem geptant {C; aipm%) of the
copper-tin alloy layer. [5] An antimicrobial raw material including: 15a substrate layer; and a
copper-tin alloyrlayermidposethon thedsphbsstate falyes, ther coppen-tith alloy dayeefosmad day
simultaneous vapor deposition using an evaporation source composed of a copper-tin alloy containing
over 60 atoni®4to B5BidPidkeordopRT it TP HorfoPRFfes$ therT 40Tatehify XOuFEHIIRE copper-tin
alloy layer havinalaI tginc(gp%sgi% f:5r hm to 2(%91 nIrQ.CL%]bTIHe ant{'r’r]ictrlcl)bialfr w material acccéiding to any
one of [1] to [5IF Wherein the copper-tin allcy AVer covers S Entitd'8r BAR FanRIGRPS St surface of

the antimicrofiad reyvdRateriakaléldhe aptimicrabial favematerial aceording LoAnyoRe afi[1] to [6], 25

wherein the antimicrobial raw material is a film, and when the film is 4 cm in width, 10 cm in length and

25 gm irthickriessiiam amount of ouvvatdre ¢ 2 yubs nfatess. 2F$018Q-P&To §8]thhe antimicrobial raw

material according to any one of [1] to [7], wherein the substrate layer is a nonwoven fabric, woven

fabric or yarrfo 14} R ¥astReder Pheduenty hriaafimicfoal Pal miaialp shediudigP atenproviding an

evaporation iource composeg of an cop er-tiréfalf%/ containing over 60 atom% to 85 atom% of copper
C

and 15 atom 78 Y F 88 SHadn 4 B of il ?é&&ﬁ‘ﬁ%@&%& 8 fAcE N dvBiFdrdtion source:
L0evaporating f1e,sapReLBIaL &%‘%8&%@%@“88 3PRIEP 10 4SRERlR MeighyapoL and

allowing the metal vapor to contact the substrate to deposit thereon a copper-tin a o‘i/C a{ly%r containing

over 60 atom¥a it 80 oM %cofvGeppas ang 10 afomséin lessshandnatom¥e ehiin:LakiQlThe method
according to [9], wherein the substrate is made of resin, natural fiber or paper, the resin having a

deflectigh temydratdiénunder load of 115C or below as measured in accordance with ASTM-D648-56
under a load of 1,820 kPa. [0024]A second aspect of the present invention relates to
0013] On the other band, as an antimicrobial metal with improved
corrosion 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 atom%
20 of Cr (see Patent Literature 8). As an amorphous alloy having
antimicrobial activity, oxidization resistance, discoloration resistance
and corrosion resistance, an 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 substantially consisting of Cu (see Patent
25 Literature 9).

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

methods. In general, when forming 2 metal thin film on a subsirate
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20antimicrobial materials given below. [111An 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 25[13]The antimicrobial material according to
[11], wherein the antimicrobial material is used as medical material. [14]The antimicrobial material
according to [F1}OWHEFEHA the 2F10180-PCT antimicrobial material is used as purification material.
Effects of InvamtionsOpRR}ACeanskng: ie,the AraseRt invenRien nissp@Isible to felalively. .
inexpensively provide an antimicrobial raw material which has high antimicrobial activity and high
corrosion resistgrioe ard salhvieh) caanbeapectiy depositddrehsdilostvhgabre sistantcpiastic bubstrates.
Brief Description of Drawings 10[0026] = FIG.1 is a graph showing temperature-dependence of
vapor pressurb&BEBppeR S 8R; FIE. I SHAHECRED brastsemontermERNRpIdBiandlms  FIG.3is

a picture shovg;ingtg}g.%urf%ge of a mei;tal C{}tyﬂ; Iiémtof 1?5)3(&2{)@3%%} atg};’?s(i)%?nrglslista&l%% Stest.
Description of Igmbodlm%ntso[o%rzﬂf Antimicrobial Raw eria % Atimicrobial faw material of

the present inyeption inglugdas,30a subsiiaiestayerangha LopRektinalloydaysy disposes,p the
substrate layer, and optionally includes additional layer(s) as needed. [0028]Thereis no particular
limitation on thiesodisikate-lay ekl thayl pe rghdecat mepals glass, peranicsh yesim(inclnding synthetic
fiber), natural fiber, paper, wood, etc. Among these materials, the substrate 25layer is preferably made
of resin, naturafABErdSPRAPER T ViewdsPiheii §BoRr flexisiliy, Hddebpidte$SaBbiitE B eBYE etc. [0029]
There is no payticular limitation on the d tg constitute 1 0180-PCT the sub?trate layer; it

i 2F
may be either tRBRHSHIASHR HESTS &F fh%el%l%;ées HoTERAT TR ¢ 3191? Bkt 76 dBASRTRE 1HE Eubstrate
layer preferably, has g deflecion dpmpsaratyre undet Ioashal HAC QL ReleNnPEeirakly 90C or below,

as measured in accordance with
10 [0015] 1t should be noted, however, that it has been suggested in the

art that 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
15 ratio copper-tin alioy on a molybdenium board (see Patent Literature
1G). 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 a2 deposited alloy film composed primarily of copper

and tin {see¢ Patent Literature 11).

20
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5ASTM-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 processability and that resultant films also have
good flexibility. [0030] Deflection temperature under load is measured with a method that complies
with ASTM-D-648-56.Specifically, deflection 10 temperature under load can be measured as the
temperature H OhRhERE bending strain of a test specimen, loaded on an apparatus for flatwise test
and heated at a COﬂ%tﬁDUBB]aliﬂgaEﬁetﬁeOf’ZQHWR%@@@H@%Q-E%Q&U@EE@IL@&@QB]O%Q%P& The test
specimen is 80 mm in length, 10 mm in width and 4 mm in thickness, and distance between grips may
be 15set to 64 mm. [COBL ] Xapphes offtesins Aayilig:aidefleationGemparatafdantg? 3oad of 115C or
below include polyester resins, polyolefin resins, and polyamide resins, with polyester resins and

polyolefin resins bein§ brefdrdpranesamples bipelipyisel rditdnne D Pofethidid 20
terephthalate and p Y. naphthglate. The polyolefin resjins may he homopolymers of a-olefins
or copolymers of aj%ﬁﬁjs %‘i%%&#g?%ﬁﬁi c%&%tnr‘(l)‘&ﬁ%afhoen a—é’l’e&ﬁg%%g\%o%éﬁﬁ ¥(1-Jsins may be, for
exampley ethylene of piapylere, EDPesal EbiPAlYAIEndeeles iFkdegRlysivdgne and
polypropylene. Examples of the polyamide 25resins include nylon 6 and nylon 66. [0032] The
substrate layer may [reTd fil) nepavpsentatyin opyomen iahrica 2FIHIBSRBEH-10033] The thickness
of the substrate layer may be, for example, about 5 gm to about 700 gm, although it depends on the
intended application|dtliheldnthanaobial Fakenfatepizli omien thei duBsrat®aykst-k0giEssively thick,
the antimicrobial raw material becomes 5 heavy. When the substrate layer is excessively thin, the
mechanical 98%& of the antimicrobial raw material decreases. [00341 The copper-tin alloy layer is
disposed on mgy%&;ﬁtilg&e{tgpy has a function of imparting antimicrobial activity to the substrate
layer. Accordingly, the copper-tin alloy layer is preferably disposed 10on the outermost surface of the
antimigrgbial raw mategal. [0933] Fhedsappersin alloy lyamaiefeably £taINs Qyer §8atom% to 90
atom% of copper and 10 atom% to less than 40 atom% of tin, more preferably contains 63 atom% to
90 atom% of Bopgeh pnid ds Btoni %6 ¢ot3Fnatornétef i Omostopréferalitg ¢artdins 15 atom% to less
15than 40 atom% of tin with the remaining portion substantially consisting of copper. When the tin
content in the copperllallotdis fe&s HarEE0 afdmodl-it mAp Pést iragpelminice wanse due to
corrosion or djscoloration by tact with. watey, salt water, body fluid or other fluid. Antimicrobial
activity incregislgéc\’/(\%fﬁqﬁ%f{éa@?}%’C(ﬂ%ﬁgrr lggr?ten?.cﬁﬁt[b%é] gﬁ@ X otdﬁé?ﬁi}jf aféé'}iay’é?lrﬁay contain
additional elgment(s)ag dong s the above copper content and tin content are satisfied. In this way
economic efficiency, affinity for liquids, affinity for substrates, color tone of the metal thin film, etc., may
be adjusted. For exdNplk, thig copperstimalloy sraygontaiipgichdmeials asakirdnsmngermanium, 25
berylium, nickel and/or silicon, which have vapor pressures close to that of copper in melted state. The
copper-tin aldycesferonisyal6d Tbnain erdetitiodalcantimioroitilomsiadd sgich 28046nc; Silvér and/or
2F10180-PCT nickel, as long as corrosion resistance does not decrease. [0037] Alloying of copper
with tin for irﬁﬁrévéﬂ%%?ﬂ%gn resistance has been widely conducted in the field of bulk metal
materials. However, toglay, er limit of the tin content.in copgpetstin, 5 alloy, which has been
used as bronze sincgﬁgl%ier%ﬁim%?'%pq: out 15%toar§'%. é‘gﬁplesrﬂin %ﬂgys nﬁ’t%%ﬁ%%%ﬁbﬁgater than 10
atom% of tinpre@BR8QRE Iittls, TS AhPUGN SUGhERPRE:HHANOYS Mayolg Used @ a cast metal,
they are not usually used as plate or rod material that is subsequently stibjected to plastic working
procesy} 10[003B] sizethezddpper 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 tHaH'10 atbmBeeMilig used, thle.arkhiferstiginaly Araterial haé pFessksability and
durability dugiéF% use. }5%0_03 There js n%gﬁﬁticular imitation on the thickness of the copper-tin alloy
layer, and it 15 SRR AR &L HAAD BHSREH Aitidforabilf mhiy Lok B edRtietcthe Wickness is
preferably Zgglrjm)g’r Es&ismggg preferably 100 urn or less. When making the copper-tin alloy layer
translucent, the thickness is preferably 50 nm or 20 less, more preferably 30 nm or less. The
thickness of the copparitia plioyMayetis preferakiy mBAMer e NorRrREefeAbIB 1Q:85) or more. This
is to entirely cover the surface of the substrate layer with the copper-tin alloy layer as well as to obtain
uniforddantiddiesobial dofivityion Society, 2008, vol.68, p.145-151

[NPL 7] S.Kubota, Research Report of the Toyama Industrial

Technology Center, (1997), p.11-73-74
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25[0040]When the substrate layer 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/mm2 or 16 2F10180-PCT less.When making the copper-tin alloy layer translucent, the deposition
amount of copper-tin alloy is preferably 0.25 mg/mm2 or less, more preferably 0.15 mg/mrn2 or less.
The depositiod Hh&URESt copper-tin alloy is preferably 0.025 trig/mm2 or more, more preferably 5
0.05 mg/mrn2 or mofey Ahisdg tavanyisely ceyerithejagdase:of thasuhstiste yenwithdae, copper-tin
alloy layer as much as possible as well as to obtain uniform antimicrobial activity. [0041] Q value (11 /
(nm-Cu atom¥%pa mesic Disr olsteohegh byl dhsding shert pdKiStamed {APofmHe Eopper-tin alloy layer by a
product of its 10 thickness (rim) and copper atom content (Cu atom%) therein, is preferably 0.001 to
0.007, more preferably 0.003 to 0.005. When Q value of the copper-tin alloy layer is less than 0.001,
the density otstlrl'lg1 I%oeeer-tipma}ggyilg}/er is so low that film strength may become inadequate. When Q
value of the copper-atm a?lfoy layer 1s greater than 150.007, the density of the copper-tin alloy layer is so
high that{he sesyliant aptigucsabial 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 alloy layer is preferably
formed by vapos tepoditien atirerithian Sputerding:120p0042] Phecantiniiencbialaaw matefal of the
present invention may further include an adhesive layer on the surface of the substrate layer opposite
from that on WRIEK tRE cBphelaicalloynayetis fdhned STRR HdrEsvelidty i8 prafeant) Sich that it
allows the antimicrobialgraw Togterigl ongce applied to the grticle surface to be detached (releasable 25
r

adhesive Iayecr‘)’.’mr?f‘é1 8388 for thisis thatthe BtifictBBiaI AW hateral Aeed t6 e tetiched in such

cases where gnfipjicrghial agtivity andgthgrpropgrties haye deteriorated due tagiaciypent of dust on

the 2F10180-PCT surface of the copper-tin alloy layer, or where appearance has been impaired.
[0043] Tere jsmalpatticular titeitdatian on the tpe diftiy adhasive Adesingsaditdrithe adbesive layer;
any of rubber adhesive agents, 5acrylic adhesive agents, silicone adhesive agents, urethane adhesive
agents and otla@i dldhekipe sigehtd thap enssed. [0029)The arirHitesbidt il thatérial Bf the present
invention may include additional layer(s) Z‘Sr neede%. additional Iﬁ%/er may, be a Iager having water

Th
absorbability, Wetet$ePRieRY, AGH stattdfy LoBPofEHy BarREd 5nidsthRete Y500l &5pearance
(e.g,, color Orf%'&%%hﬂpowe{h%@psﬁys [0045] When the antimisrpbial; rav: materak is poyided as a film,

the amount of curvature Is preferably 2 mm or less, more preferably 1.5 mm or less, as measured

when the filmdigagrsionris 4 craiin widiy doraiin 1% length andi2bumi phthigknassrdiiialamount of
film curvature is measured as the amount of curvature from the surface of the film prior to thin film
depositibh aftertailowing dhel ghincfilmod epogite th fimcto sragdrat 280 bt 50%RHAbI2mnHduwrs. As will be
described later, since the antimicrobial raw material of the present invention can be 20prepared
without high-t&thperature annealing, it has the advantage of smaller amount of warparge

[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
20  simultaneous vapor deposition to depesit an alloy thin film with a
controlied 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
25 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

8



[0046] 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 25a
substrate layer. [0047] There is no particular limitation on the method of forming the copper-tin alloy
layer. As for physical deposition methods, vacuum 2F10180-PCT deposition, ion plating, sputtering,
laser depositiil Cak8-8&dosition, spraying, hot dip coating, etc., can be exemplified. As for chemical
deposition mgtheds, gleciERiating sleghlesspiaing oplasma i/ Qnemal GMRe ey can be used.
5[0048] Of these thin-film deposition methods, vacuum deposition, ion plating'and electroplating are
known as thelaosti padeaativeemethodsr ddiscgeneralys saididhat thesadhsescdepasition tpethods are
difficult to be used for the production of alloy thin films. The reason for this is that while there is need to
make a ratio BB the @\Rissration tales bR EOtle e alibyr eleiénts eonmtart demngitierformation of
an alloy thin film by vacyum deposition or ion plating, the vapor pressure of metal at a particular
temperature ﬁ?&éﬁ?v‘d}?e? fd rbtj@‘element to another, and so too does the evaporation rate. [0049]

Specifically, W?jn aﬂﬂydgyapﬁ)gggogﬁgggggtgs Igggte(%ﬁgd 1 Eneltﬁpl (s)nl%/rgn telemg with higher
vapor pressure (elément A) first evaporates, and after e ement A has aFrlnos evagc?rate 3ieaving little
amount of elemenid\vR theneyARRERM SAUECE aihe vanargiesrials &b AN £1enae s} wittylower vapor
pressure (element B) gradually increases and eventually only element B evaporates. Alloys with a
controlled 20tcorgpusitiondaige ¢armroidid inlgaindéd gh sustpampriacess. Pohilexithad dedre known to
alloy metals by means of annealing (heating) as disclosed by Patent Literature 7, annealing requires
high temperatfiré& 4naliferefie & ﬁBt Abcdesafliybarefataplie bétusarsr the fininea te Bhoice of the
substrate maiterg?lsé. Fnor tpziis reason, E%m”ﬁ%nl%’ two or 25 ore separat evaporaﬂoq sources are
prepared, each oF Which contains one of e aitdy &nfertd! hreaﬁ%a&?ng??émpé‘?ﬁ te ¥t ¥ach
evaporggon seurgesis themindepsndgntly controlled so gs.fp coptral the, 2F10180-PGT,evaporation
rates of the alloy elements.Such a control scheme, of course, causes price increase in manufacturing
equipment. [B0g0} Asnghownia Fentatoppeh anddtinhaveerery ajilaidvapor peessrre oer a wide
temperature range from 1,050C to 1,500C. 5 Thus, it has been established that even when a single
copper-tin alfdyastiagopdtion Boufcee s Risdin & Ropessible tofplariete af copperdirballoykteposited film
with a relatively controlled,algy composition, in contrast to cases where alloy systems other than

copper-tin alf Saf(?ifs(gb. h aﬁsgcdle&o HSIPESBpEPBRSSABY et A TS sBERES 16 ib‘é’d’vaqtageous
because cosy{Aucelign sanPadeatet [RORHI ehauld e aled. haweyer, hat Ihe.copposition of the

evaporation source does not necessary match the tomposition of the résultant deposited film; the

composiion gfdhesdeppsitinn f'tkmtifefiﬁfﬁfrﬂii&%@mmﬁiﬁ%JMQF%@F'HQ@Qé@ﬁ%iﬂic(gr?ity in melted

state, 15 in addition to vapor pressure of respective alloy metals. For this reason, it is difficult to

predict the nyetat camgositiors bftherdeposited 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 2015

atom% or moPE2hk cdhpoRIGSATOF iR BvpBrdtin Betice HarBmidshadsintovisat ofthideleposited

film. Itis genterall known. that when depositon is qg\r;tinuo stI% conducted using an alloy deposition
€

source, some of e Moy Slemants predéminaRy a%o?i': hPTEFSy ' Thes E5HPoLitoh of the
remaining eyapofion sQuLGe deyiates iem fhe %ﬁ%@'%ﬁm&ﬁ%&&%ﬁ%%ﬂe fopRposition of

the film being deposited likewise ‘gradually deviates from the original composition. The mventors have
also established #hiat thd amouotiefideviadiod in 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.
25

Solution to Problem

[0022} The inventors have established that high antimicrobial activity
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2F10180-PCT composition can be relatively reduced when the tin proportion in the deposited film is 15
atom% or more. For example, 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 clat#ét $#8mi§ds of antimicrobial metals. It is thus possible to efficiently form thin films of
antimicrobial metahyithailRavind teResfarp.any speeial shltiienahstan. sughas ading @ny of the
10constituent metals during the deposition process. [0053] A copper-tin alloy deposited film produced
from a single adipys deposittor soprce iare Hotydmly costefféthive eopapereddo thage prodiieed using two
or more deposition sources, but tend to have a uniform alloy composition. Thus, in the present
invention, it i ABCHIERT 3B thaoFns TP LoPsar it bioyadies By SitheltrRsusNaFd! 48P¥dsition using a
single alloy d?goisition ource MtcHe S ecifica!lf}/l, the antimjcrobial raw.m terial of the Qresent invention

is preferably prcgd%c‘g(}j[ 1)fltﬁae slfépse{)f. 6?8\% ing arad]e%ed& lof°s8afce cgns?stfﬁg(jl %‘f%opﬁé}f}tin alloy;

placing assubgliate a9cas 4p fAee $he.daROsItieD sawCsy 2 AvanaayRg the dernsiion apurce to
generate a metal vapor; allowing the metal vapor to contact the substrate to form'thereon a copper-tin
alloy layer. Thizrei is e fegtieular listationyor shepsubsisate; hele\drp il prefemblycresid which has a
deflection temperature under load of 115C or below as measured in accordance with ASTM-D648-56
under a 25lodd df A1B20 kPENSEAbFarTiSdr bk pajsen [Gas4fTle depdsiton shifcansgprefétably a
copper-tin de ositi?%n source which contains over 60 atom% to 85 atom% of COé)gel‘ and 15

2F10180-PCTP RS td fesBiREH S0 APonfdd B tikithis 1218 oBYAIR tHe £58VEAEL et Eopper-tin
alloy layer whiclh coniAIR oua1 A0 alam® 9. 20,2iaw%% dfeapper apd 1 alomigiodegpdhan 40
atom% of tin. (00551 Thus, there is no need to form thin films of respective alloy 5Smetals and to
anneal the filmsoiometat R ayingnas Raphecostaquikad O\t Ri0k HE It is shEs Mmagdedqumssiale to form a
copper-tin alloy deposited film directly onto even a substrate layer with relatively low heat resistance.
[0056] When fherartirniogllsicdlaw depesiilohtise presdra inventich ddhiss provided s trsignwoven
fabric or woven fabric, it can be produced by depositli%rg?g a thin film onto a resin film or paper, cutting

n

the resultant t]f"i'i?‘leﬁlm-Hé‘ﬁoéﬁéﬁ“ﬁﬁﬁsoﬂﬁﬁpéﬁt%\hﬁﬁ‘H e ARAER A ARAH pBI s dtidle, a
polyester film haying:f oPperdln Al indlm denasiedan e suriaes i cutiniaaniyierobial
polyester slit yarn; 15 yarn is spun from strands of the polyester shit yarn of from strands of the
polyester slit yagnand Othatyam anehstnands: of thgiabiained vam Qs stands vfthe Qbtaiged yarn and
other yarn are woven into fabric. In this way it is possible to readily obtain textile goods with controlled
water alhsorbalbdityy sextmid,! hardngss nduirabisity ! heait resistanbde atel 26 068671 Mthen The
antimicrobial raw material of the present invention includes an additional layer, the substrate layer and

addition layerfff b 1BYErEPEN o) et ACOmA 1ils SR kPOWA Bifesng HeSd. Examples of the
layering methad. include, ca-extrusion of substrate layer and addjtional layer,.and lamination.
Camination MUy BE barfesd SLc I g e SAREENE br BUAE Aot W Fodtctr HOBLE A fnicrobial
paper can alsp, bepreguged Dy CHilG & capresHR &loy $hin filpsdeposited film or paper into pieces
and 2F10180-PC,I mixing them with paper material. Antimicrobial raw material can also be produced
by mixing, for{eyamplenciusheitpi¢ces ofva substraik isweh ¢is g:copper-tin alloy thin film-deposited
plastic film or copper-tin alloy thin film-deposited inorganic particles with plastic material, and 5
molding%fe mixture iAt6 wWaksited stepabyerfusiommaiding lifjdetopnRagig, transféimmolding or
other method, These met ogs in which cut or crushed pieces aof a copper-tin alloy thin film -deposited
i bt e

substrate are 18iHifatBd ReAHBbie ‘FBAGFACHIfind RAGE ¢ 8%f bRind BEPEbIBof readily
producing antjmictgbia articles, of various 40 Ay 98 4ae iher hang sinee prigles prpduced in this
way are not entirely covered with copper-tin alloy on their surface, they have lower surface
antimicrobial gffect than those entirely covered with copper-tin alloy on their surface. [0059] 3.
Application of Antimicrobial Raw Material 15As described above, the antimicrobial raw material of the
present invention hasthigfpantirtieroiied actayiss addshiege dorrosioineresistsmeés Farvibs rdason, the
antimicrobial raw material of the present invention is preferably used as various antimicrobial
materials? Ex&HRES SaAtficioBial ASHALIAANGE Akditaiateridts 2HoME SnfaBRals,
purification mg;[ledrirjlhs,aeélgrig}lItt%r%n%attﬁrigligaﬂ% % oioo t%[lilrface protection films. [0060] Examples of
the medical materials include medica evices, ' ’

wherein the copper-tin alloy layer has a thickness of 5 nm to 200
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drug containers, personal protectors for infection prevention (including masks etc.), dressings, wound
dressing films, and adhesive bandages. 25 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 2F10180-PCT refuse catching materials;
bathroom maEHRBSBBER as washbasin and bathroom seats; cleaning materials such as dishcloths and
dustcloths; gggment materials such as clothes, footwear and bag; residence materials such as curtain,
matting, and bedding; sanitary materials such 5as masks, simple toilet bowsl, toilet seats, disposable
diapers and $anitaryFhieteatiom praduats. xamplas ahithe pesifination malglialsipeluglegas cleaning
filters and fluid cleaning filters.Examples of the agricultural materials include multi-sheets, filters for
hydroponic ceftppersheetsifar sepeting biotes, Tirtomdrs tarid dighb sefldbtiveot0Pshdetsnfor fruit
coloring. Examples, of the surface protection films include touch panel protection films which are

attached to tha I8A-pEHaI S e AR pRbS 4861 | Y Re BHARE JHiAFRREMmaterial of the present
invention can f4Jso be.processed into.suitable shape as needed for usg, as building 15 materials to be
attached to tigsurfa%éggog \rfg?%b%%tﬁil%k:nrélg g(%ﬁ%) %1 o %?fc%l%%ilﬁalngligtrgigé i%ﬁélﬁlbeénthose
attached to resé raemsrRathranes, showelaeoonss, laundtyirogrisapd kitlghans pf fagiliies: cooking
rooms of food-handling facilities; the boundary between the general ward isolation ward in medical
facilities, rooms:ristong 0b20 fribnstiveleare unitsp Arithinedical clendcies! avoMsaiphfiRataet cleaning
rooms of semiconductor mills; building structures such as entrance and footgear room of buildings, or
the wall, flooP Bt fisma b thel saFRRE!BR8o0rs, windows; handrails, electrical switches, kitchen
counters, sig#is{ cocks, bantﬁtubs, t ile} bowls, furnitLire, and fixtures 25installed to them, Examples

a

2F10180-PCT {0062 HetBIAARET HE praZeMtAHaAt G5 Tl BB LS8 bR Bdthl Withlrerence to
Exampies angh{pmpagativg fxamples, which howeyss shalh naibe congiyed as fimifing the scope of

the invention. (Example 1) 5As a substrate film, a 50 tim-thick biaxially strefched polypropylene film
(Mitsui Chenbienig Toheelled Ing. ddeftHetion terpperatiikeanide dDAdi(1n3260kpa)- fifG10§3C) is
provided. The substrate film is loaded 400 rum above the evaporation source in a evaporator.
10[0063]18.0ay of furezcopper ¢huriytioglovparidesof dnd mappize siwadnl 2 dhgeot pife tin (purity:
99.9%) particles of 1-2 mm size (total: 30 g) are weighted into a metallic container and thoroughly
mixed to prepHHE & &SSP SHUHReLBRsIY of 74 atom% (60 wt%) copper and 26 atom% (40
wit%) tin. The gvaporation squrce is.placed in a 15 melting,pot of the evaporator, and the apparatus is
vacuumed tj 5? presé%%eagflo ]-gllgazgl léss. 8l esré%[&qlenrﬁp?%ngfder to avoid excessive scattering of the
evaporggion source, the, fielting patsand gyaporation source are slowly heated with electron beams,
completely melting the evaporation source in the melting pot to prepare an alloy evaporation 20
source. After allowing thepakoytevaplbration geurdespsiahddar eholingtn yacuuaydhe guaporation
source is again heated with electron beams to deposit a copper-tin alloy thin film onto the substrate
film placed dRRRZOY Inf oe tre EvEB6FAtoh Sonrdéa Depusitencatdds st ton Oiaimao 15 um per

second. The obtained C(;E)é)(g)er-tin alloy thin 25ﬁ,!i{n i§ 50 - 10 urn in thickness. [0064] (Examples 2 to 5)
Copper-tin afiBythik A HeoVAisd SR BE AR SR RAL VR 1180 B 484 idifer as in

Example 1 exgenbiha; R RORASAYIN e HFROC] SUHER 7 (haged s shguy g Table 1 while
ensuring that the total amount of metals charged to prepare the evaporation source iS 30 g. 5[00651
(Exampie 6)of tin, the copper-tin alloy layer having a2 thickness of S nm 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],
25 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 is 2 mm or less.
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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, 12.0 g of pure tin (purity:
99.9%) particles of 1-2 mm size, and 12.0 g of pure aluminum 10 (purity: 99.9%) particles of 3-5 rum
size (total: 30 gj are weighted to prepare an alloy evaporation source with a metal composition of 51
atom% (60 wivafEJIPEr. 9 atom% (20 wit%) tin and 40 atom% (20 wt%) aluminum. [0066] (Example 7)
15As a substrgte film,eheOapiirthickobiaxialy siretaied pobyeranyliene filmy(Mitsus Chemieals Tohcello,
Inc., deflection temperature under load (1,820 kPa) of 57C to 63C) is provided. The substrate film is
loaded into alDE sutteting mpparzstrate 12[0067] Rure xoppem(dakincOwo9%s) $pbtiering target and
pure tin 20 (purity: 99.99%) sputtering target are also loaded into the DC sputtering apparatus. After
adjusting the&{#1 of direct current to be applied to each target such that an alloy thin film consists of
90 atom% copper and 10 atem%o tip, a copper-tin allay thin film i ited onto the substrate film.
The copper-tin alloy %in ?ﬁ#%[ﬂf{s o%gain Ic%%flg ¥ nr# int Illé %é%rs.?f%%%S]r?gxarrnn&g%%Saqénd 9)
Copper-tn allgythiffims are formed on substrate films in he 2F10180-PC1 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 resplting: dlloy thirefilop dxasithe valueshowpindable £ OOG (Examiptes 10 and 11)
5Copper-tin alloy thin films are formed on substrate films in the same manner as in Example 1 except
that the copp&?hd a8 tANEHiIfS aremdpér-deps@ddesaérctrrthe BR Propbriidft itttHEsalioy thin film
and film thicl&rﬁess e as s%o%vp innTabIe 2. [0070] (Examples 12 and 13) 10Copper-tin alloy thin films

an ato : . .
are formed on &lbstrate Mish the' same manner as in Example 7 except that alloy thin films are

sputter-deposited sugh, thatthestin propertion in the.alloy thin,tim ansd.iindhickness are as shown in
Table 2. [0071] (Comparative Example 1) 15A copper-tin alloy thin film is formed on a substrate film in

the samé manner aseinalpxampie 1t excapijibati 2401606 proe capper gpuinliien. 9da)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 @ ihith & phatal epdipaEdifion of 88 atom% (80 wt%) copper and 12 20 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 ExAHipRAL é%eﬂtetﬁét ﬁ‘f’éP f?ﬁ ﬁf’op‘b‘?ﬂg Cih f}?g Ay e A S or&idt 888tte is changed

as shown in Table 3 25[00731(GRMPAANG S XAMRISh e oA CRBPRAYMIDUIY Aligfhin film is

vapor-deposited onto a substrate film in"'the’same manner as in Example 1 except that 25.5 g of
2F10180-PC3pese sappes (parkys 89:9%) patticles ahla2omm sizaand 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 metalldomfddéition h70mtohed B5 wtdbh £oiwpéP hntk BOraiontds (15 wstye)Salurmiadm.0074]
(Comparative Example 4) A copper-aluminum alloy thin film is vapor-deposited onto a substrate

film in the saff& faRAB A iH EOnfiaPaRiE BN 8 BreeBetfattd satiftin i BEAYEEN in the alloy
evaporation SQUTCE I changgd d0ag shaunyin Table 3 00721 (Gomparaliyg Lxamlg ©)
ASTM-D648-56 under a load of 1,820 kPa.
f0024] A second aspect of the present invention relates to
20  antimicrobial materials given below.
{11} Ar 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.
25 [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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A copper-germanium alloy thin film is vapor-deposited onto a substrate 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 15
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. fHOVE3¢E6Mparative Example 6) 20A copper-germanium alloy thin film is vapor-deposited
onto a substraig Hla:ELie SAMS MPNNGLAs I} GompAalys maTRlg S except that the germanium
proportion in the alloy evaporation source is changed as shown in Table 3. [0077] (Comparative
Example 7) 25A 3 mm-diameter brass rod (30.0 g) consisting of 60 wt% copper and 40 wt% zinc is
prepared as an evaporation source. To prepare a massive alloy evaporation source as in Example 1,
the evaporatffiiezgs 2E1J0V8OP@T source is heated for melting, but a colorless metal film is deposited
onto the winii§§v? Céithe evaporator before meltintg of the evaporation source occurs. Further, an alloy

thin film is v pOTEA SRR QUGBS T IARRERS ifRe HhainRP S BheEttAiif 1 Slibwever, the
Sresultapt thjn fi r ining evaporation s ur erboth have the same color as pure copper.
[0078] ?gomﬁé{g%%g%(%ﬁp?ggl& aI\{A I}glsn%]sgf)a tearlngat‘grg%]tafgéw O%qélg%pe%ragnaa}gg wt% zinc) is

loaded into & R¢nERYESTINgARPARUS A REAM-hick Aoy tin film: 4 Oks themyieimeghon @ substrate
film by sputtering. [0079] (Comparative Example 9) A copper-silicon alloy thin film is

vapor-deposited ahtode pobtrdte film liovth B esames manitep s iicExemple dsexcept that 25.2 g of pure
copper (purity: 99.99%) particles of 1-2 mm size and 4.8 g of 15 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% (SBAfrwtg% csof%peé@nd gODatom% g16 wit%) silicon. The resultant alloy thin film has the same
color as pure cloepperef (5’] ? orﬁﬁgrlar%ﬁle Example 10) A tin thin film is formed on a substrate
film in the sqmglppnner 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 source. [0081] (Comparative Example 11) 25A copper
thin film is formed o ¥Gstbsirate fipa pin thehsameemenage as: it Exappiel dnexcept thap3@ g of pure
copper (purity: 99.9%) particles of 1-2 mm size is weighted to prepare an evaporation source. 29
2F10180-PQT {098Fs(CorRIative Example 12) A pure copper sputtering target (purity: 99.99%)
is loaded into a DC l?;i{)uttering apparatus. A 50 nm-thick copper thin film is then deposited onto a

substrate film by spdti&ring 2EB6e3RE AfGEITR R A AMple* 28y P1es:028  er thin film is formed on a
substrate film in the BAGS manner (ﬁlsl ljg Eﬁg@p@w :Imeé(cse rtftahcact %(% %o;‘n %é% Zﬁ'}lver uritX' 99.9%)

particles of 1-2 mm size is weighted to prepare &h evaporation source. (P:oménara ive Example
14) 10fspure: giyep ePitieHNG fat9sh (PUia8898%). is loaded into a DC sputtering apparatus.A 50

nm-thick silver thin film is then
Description of Embodiments
[0027] 1. Antimicrobial Raw Material
An antimicrobial raw material of the present invention includes
20 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
25 layer is preferably made of resin, natural fiber or paper in view of their
good flexibility, good processability, low cost, etc.

[0029] There is no particular limitation on the resin used to constitute
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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 15 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
20same manBEtESMPEXample 1 except that the copper-tin alloy thin film is formed by vapor

deposition sugfy thay, g R.praggiion if theyresulignt alley thin flgy gad its thickpess arg as shown in
Table 5. [0087] (Comparative EXxample 18) A copper-tin alloy thin film is formed on a substrate film in
the 25 same rhanmes agingExasmple 7Ttxcaeptihatthd aeppentin alley thin filmsis deposites by
sputtering such that the tin proportion in the resultant alloy thin film and its thickness are as shown in
Table 5. 2F1810RTT [bo8a] frflasiie 2yvadatasmedtiieteadnd B XK oftHeethiy films of some

of Examples and Comparative Examples are measured as described below. [0089] 1) Q value 5The
films prepareariﬁf%Wpleé (1§ to 13 ar%%b‘fhpa?&tivé”é?ﬁﬁfﬁlgs 72 15 18" citiito pieces of

given sizg to prepRie sumple fillmg .. The gleetiades o fapstermigals campased, pf cyirepy source

terminals of an electric current feeder and of voltage detection terminals of a voltage meter are

pressed againgsthexthin filna sugfege #fkeh pachisamplediimoShest resistange isciiden maasured using
the DC four terminal method, by applying the following direct currents to the thin film surface of the

sample film agdotgasykrsethéithamgetimayoltagltant fiiDircet vuiremt pAL6 (@Y PHI10G-6 (A), 5x10-6
(A), Ix10-5 (A), 2x10-5 (A), 2x10-5 (A). 15Current supplég%uipment: KEITHLEY?220
PROGRAMMABEElC RSO REE YStagEPEsPIRD A B dRfFESE REFHRER IO SYSTEM

DMM is used LOOQC%]HQ Xlaelge (% (h(nmwrﬂ‘j/%)d(ig-(%gtained %5 éig}/é'd(i;ggl grfc?é ﬁ?ﬁer:% Ls)tgnce (Q) by a

product of filrﬁhtﬁlcknes nm) and copper atom content. [0091] urface ness The films
preparethare i jath RICCeHH 9L 9iVeAuSEM 18 PiRPREE MR flme miNg Aurface smeethngss (unit: nrn)

of the thin film of 25each sample film is measured with a Detak-IllI surface profiler (ULVAC) under the
following condlitiodinlgoatta2d mig a2Fekd 180:SlndeNeboiecdiamnond regdie 0fl 26 Uie redigs [0092] 3)
XRD 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 ip width and 4 mm in thickness, and distance between grips may be
15 setto 54 mm.
[0031] Examples of resins having a deflection temperature under load
of 115C° or below include polyester resins, polyolefin resins, and
polyamide resins, with polyester resins and polyolefin resins being
preferable. Examples of the polyester resins include polyethylene
20  terephthalate and polvethylene naphthalate. The polvolefin resins may
be homopolymers of a-olefins or copolymers of a-olefins and different
comonomers. The a-olefin in the polyolefin resims may be, for
example, ethylene or propylene. Examples of such polyolefin resins
include polyethylene and polypropylene. Examples of the polyamide
25  resins include nylon 6 and nylon 66.

{0032] The substrate layer may be a film, nonwoven fabric or woven

fabric.
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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 (Rigaku, RINT 1500) under the following
condition: X ray target: Cu X-ray: Cu K ALPHAI Goniometer: wide angle goniometer 10Scan speed: V /
min Scan step: 0.02 Scan range: 3 to 100 FIG.2A shows XRD data of a vapor-deposited film of
Example 1, ape1Bi€38shows XRD data of a sputter-deposited film of Example 12. 15In FIG.2 the

horizontal axis,r sents 2 8).(where 8 is incident angle), and the vertical axis represents intensity
(cps). [0093]m§g§owﬁb¢T§g é\ﬁl,& %D %ifet%gnaﬁ B tﬁ@' fifmTBrepied I ESEHTREE 1 to 9 and
Comparative Fxampies htqd 6, JgstsFpangd £ g alse sonducieg.iof some aiéhﬁnfi!erga-e§0[0094l Test
A (metal composition analysis) A part of each film iS cut into an approximately % mm square piece

to prepare a appipte: filon. Metahatomsigoeiaibed indke Wi fitqapf thevsample filg.are patected by
energy dispersive spectroscopy (EDS) to measure the atomic proportion of the doped metal other than
25copper (e.dayin insExaeqsial 1§ amoiig kil dhtheadetacon hietalsa f00956]i Fest Bientiméisrobial activity
test) The_films prepared are cut into 50 mm square pieces to prepare 2F10180-PCT sample

films. AntimictbHisP actiitFi S ST StAp ABED LS BEf eI Sis tEbRdUBR dT6F Biadedample films

in accordancgt}z\g}lggﬁs £ 2801, t[%ﬂ?G]oq)olqny, counts for the bacteria detected after the test are given 5
in Tables1to5a colgny count (A) measured 24" ﬁ?)ﬁrl %&tgf fiETeE: Note that the absence of any

bacteria is demotegias140sdpJables LiRg. Valups of dhe,eemmen Iagarithm qf,tae,gyetient of colony
count for the bacteria detected on a polyethylene plate as a control article and colony count (A) are
also given in arablessl 2of brasivalues forpkl tanginisrohial-attivitya Note thab thedesttisgalié into multiple
sessions. Since each session has a different colony count for control, some of the sample films show
the same antiA¥i€Fobidt KRR &lbn thimerPRIRSF Havediferditealuss For fealmy caismq@dd [0097] Test

C (durahility test: degradation by contact with hot water) 15The films prepared are cut into 50 mm
git e utermac !f)é”ﬁace %Néh' srd %&igléﬁé%‘%(bagh’éavwvdﬁﬁ%élﬁéthroom.After showering the

0
square pleceS o prepara sample fmis,

surface of theggyyple ﬁi&q@s%gl%é()?& hetyyatel fr g}%z%%f%@ ﬁ@@rﬁq,gp er, 4026 hot water

droplets are splashed against the film surface, and are allowed to stand for 20 drying

without wipings offtthe: weater eifoplgts attaglded 0 This pmaceduress ¢ppguSted fam3days tyice per day,
after which the degree of degradation of the metal thin film is visually evaluated. The same procedure
is then conduetad for el tunther 4 elmts tand Ihenahddegreétlofadegrédativreopthe metal tin film (7

days in total) is vi?ally 25evaluated. [0098] The degree of degradation of the metal thin film is
evaluated in #&PHS%f thé belAFeAcRIo BisBNsialbh artPine prateinde bt abearketo less

15 than 40 atom% of tin with the remaining portion substantially
consisting of copper. When the tin content in the copper-tin alloy is
less than 10 atom%, it may result in appearance change due to corrosion
or discoloration by contact with water, salt water, body fiuid or other
fluid. Antimicrobial activity increases with increasing copper content.

20 {0036] The copper-tin alloy layer may contain additional element(s)
as long as the above copper content and tin content are satisfied. In
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,

25  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 zinc, silver and/or
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2F10180-PCT of film loss (peeling) of the metal thin film. (Discoloration) 0: No discoloration in metal
thin film x: Discoloration in metal thin film 5(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. 100: No film loss (peeling) in metal thin
film x: Film loggiimetetatthin film [0099]Test D (durability test: degradation by contact with salt water)
The films preg%Edlare ut into 50 mm s uare ?osieces to frepare d'sé';};meoleﬂfiIms. The surface of the

sample films 1s Wleéda \?vi %naglgcs)sceqrrfglg ueezeaaggﬁne-wet?é) aurzea§hr'ee times under a pressin
p p y q g p g

load of 2 0.5M,ad they spipple filne ape allawed t9stenditan dsving witheus yipirg;eff water droplets
attached. This procedure is conducted for 3 days twice per day, after which the degree of degradation
of the metal thirs filbe éa: vistidly evatuaied: eheisamiecpriieédurefistinéhn coanrdaictena20foria. further 4
days, and then the degree of degradation of the metal thin film (7 days in total) is visually evaluated.
[0100] The dé&psie Bt Hegradatidmads thiecrmicraicthin MM Rietatustediptanisiar gRPsetdifence of

discoloration and the presence or absence of fijm loss (peeling) of the metal thin fijm. 25(Discoloration)
0 No dictololoh i HEBaNim 15, 1S G BUERER BEH (ACHTRT SFLT160 PET(Ed loss)

Evaluation is magle;by j@%?@r‘l"tﬁ‘ﬁﬂm SYsneh [im.pREling SecHs ($REFITICRIY, Jhether erithe substrate

layer is exposed and visible) after peeling a double-faced adhesive tape attached to the metal 5thin
film. 0: No filradessepasting) trittaial tiRdim HitRvioss ipudrtaldppt fillad 040y T estdy (syrvature) A
25 km-thick biaxially stretched polypropylene film is cut into 10 a 4 cm x 10 cm piece to prepare a
sample film. ASG reh-thiglsthinelilh ishdepesttatbdntouhid sarmple il npl Tite antodntsftetimiature (mm)
of the film sample is measured from the surface of the film sample prior to thin film deposition after

allowing it statr‘i‘&ta’tszﬁ‘é’é?%W}éth‘Hsfb!?jfﬁtﬁgu’r%:Pﬁﬁé‘é‘iﬂ‘?ﬂﬁﬁkﬁ?ﬁ:@ﬁ%ﬁ?é‘of the film sample is
measurfzq SS&WS megy Xé"’d?eoié?;é’regl?@kdiﬁtQng;?n(gfﬁﬁ%Jg%%b"é’!ﬁ? ﬂ{}qﬁr%g”gff{ﬁ’@ the

horizontal surface. [0102]Test F (abfdsion resistance test 0 nm-thick thin film is deposited
onto a samplgfige whigh ds QbRINE G RKWEUEINGA B kivrihicksbiaxialyisiretehiad pelvprapylene 20 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 underbdoadeofd kyf card thé sumberpglesetatchids jt takgs imtilgthe coler ofdhelénderlying
substrate layer becomes visible is counted. The larger number of scratches it takes until the color of
the substrate 3B betlohied vidithd 25 maatrHigHE: abiiso massah e bR asitrRii L FI1G.3 shows

the surface statg %f th%tpip fiém of the sample film of Example 1 after it has been scratched 30 times.
an urabiliity during usc,

15 [003%] There is no 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 alloy layer tramnslucent, the thickness is preferably 50 nm or

20  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 laver with the
copper-tin alloy layer as well as to obtain uniform antimicrobial
activity.

25 [0040] When the substrate layer is provided as woven fabric,
nonwoven fabric or the like, the deposition amount of the copper-tin

alloy is preferably 1.0 mg/mm?® or less, more preferably 0.5 mg/mm’ or
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2F10180-PCT [0103] The evaluations results of Examples 1 to 6 are given in Table 1, the evaluation
results of Examples 7 to 13 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 5 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 filn2EWBRRGSIGEN and evaporation source composition represent metal content (atom%) other

than copper. IFgﬁ exangple, [Sn:201 m ea{hs [Cg/ nz 8[%18\.};) 0/; ’ﬁt (% l%%r(r; {ng‘%{b'n te§ted |tems are

designatedas|[-]. mrv_-cGC- ... nr’e o .50).
deposition amount of copper-tm alioy is preferably 0.25 mg/mm® or 1ess,

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
5 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 (&2 / (nm-Cu atom%)), which is obtained by dividing

sheet resistance (L) of the copper-tin alloy layer by a product of its

10 thickness (nm) and copper atom content (Cu aiom%) therein, is
preferably 0.001 1o 0.007, more preferably 0.003 to 0.005. When Q
value of the copper-tin alloy layer is iess than 0.001, the density of the
copper-tin alloy ifayer is so low that film strength may become
inadequate. When Q value of the copper-tin alloy layer is greater than

15 0.007, the density of the copper-tin alloy layer is so high that the
resultant antimicrobial raw material tends to less flexible. 1In 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.

20 [0042] The antimicrobial raw material of the present invention may
further include an adhesive 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

25 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 laver, or where appearance has been
impaired.
[0043] There is no particular limitation on the type of the adhesive
agent used for the adhesive layer; any of robber adhesive agents,
5 acrylic adhesive agents, silicone adhesive agents, urethane adhesive
agents and other adhesive agents may be used.
[0044] The antimicrobial raw material of the present invention may
include additional layer(s) as needed. The additional layer may be a
layer having water absorbability, water repellency, light scattering
10  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 ¢m in
15 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 depeosition afier allowing 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
20 prepared without high-temperatore annealing, it bas the advantage of
smaller amount of warparge .
[0046] 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
25  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, iom 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.

5 [0048] Of these thin-film deposition methods, vacuum deposition, ion
plating and electroplating are known as the most productive methods,
1t is generally said that these three deposition methods are difficult to
be used for the production of alloy thin films. The reason for this is
that while there is need to make a ratio among the evaporation rates of

10 each alloy elements constant during the formation of an alloy thin film
by vacuum deposition or ion plating, the vapor pressure of metal at 2
particular temperature greatly varies from one clement to another, and
so too does the evaporation rate.

[0049] Specifically, when an alloy evaporation source is heated and

15  melted, only an element with higher vapor pressure (element A) first
cvaporates, and after clement A has almost evaporated leaving little
amount of clement A in the evaporation source, the evaporation rate of
an element with lower vapor pressure (element B) gradually increases
and ecventually only element B evaporates. Alloys with a controlled

20  composition range cannot be obtained in such a process. While it has
been known to alloy metals by means of annealing (heating) as
disclosed by Patent Literature 7, anpealing 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

25 more separate evaporation sources are prepared, each of which contains
one of the alloy elements. The heating temperature of each

evaporation source is then independently controlled so as to control the
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gevaporation 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 a wide temperature range from 1,050C° to 1,500C".
5 Thus, it has been established that even when a single copper-tin alloy
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 alioy are
used. The use of a single copper-tin alloy evaporation source is
10  advantageous because cost reduction can be realized.
f0051] It should be noted, however, that the composition of the
evaporation source does nof 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,
15 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.
f0052] As a result of extensive studies, the inventors have also
established that in copper-tin alloy systems, when the tin proportion is
20 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 continuously 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
25 original composition, so that the composition of the film being
deposited likewise gradually deviates from the original composition.

The inventors have also 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 example, when the alioy
deposition source contains 24 atom% to 33 atom% of tin, the

composition of the deposited film at the start of the deposition process

Lh

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
10  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 alioy 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;
20 evaporating the deposition source to generate a metal vapor; allowing
the metal vapor to contact the substrate to form thereon a copper-tin
alloy layver. 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
25 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.
f0055] Thus, there is ne need to form thin films of respective alloy
5 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
10  is provided as a nonwoven fabric or woven fabric, it can be produced by
depositing a thin film onto a resin film or paper, cutiing the resultant
thin film-deposited film or paper, and mixing it with other material.
For example, a polvester film having a copper-tin alloy thin film
deposited on the surface is cut into antimicrobial polyester slit yarn;
15  yarn is spun from strands of the polyester slit yarn or from strands of
the polyester slit yarn and other yarn; and strands of the obtained yarn
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 absorbability, texture, hardness, durability, heat resistance, etc.
20 {0057} When the antimicrobial raw material of the present invention
includes an additional layer, the substrate layer and addition layer may
be layered omn top of each other with any known layering method.
Examples of the layering method include co-extrusion of the substirate
layer and additional layver, and lamination. Lamination may be carried
25 out using an adhesive or other agent as needed.
{0058] Antimicrobial paper can also be produced by cutting a

copper-tin alloy thin film-deposited film or paper into pieces 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 fiim-deposited inorganic particles with plastic material, and
molding the mixture into 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 entirely covered with copper-tin
alloy on their surface.
[0059] 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 varions antimicrobial materials.
Examples of antimicrobial materials include medical materials, 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
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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 such as curtain, matting, and bedding; sanitary materials such
5 as masks, simple toilet bowsl, toilet seats, disposable diapers and
sanitary protection products. Examples of the purification materials
include gas cleaning filters and fluid cleaning filters. Examples of the
agricultural materials include multi-sheets, filters for hydroponic
culture, sheets for secedling boxes, fruit covers, and light reflective
10  sheets for fruit coloring. Examples of the surface protection films
include touch panel protection films which are attached to the
touch-panel 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
15  materials to be attached to the surface of various buildings. Examples
of such building materials include those attached to rest rooms,
bathrooms, shower rooms, laundry rcoms 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
20 intensive care units, and medical devices; rooms in front of cleaning
rooms of semiconductor mills; building structures such as entrance and
footgear room of buildings, or the wall, floor or fitting frame or the
surface of doors, windows, handrails, electrical switches, kitchen
counters, sinks, cocks, bathtubs, toilet bowls, furniture, and fixtures

25 installed to them.

Exampies

24
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[0G62] Hereinafter, the present invention will be described in detail
with reference 10 Examples and Comparative Examples, which however
shall not be construed as iimiting the scope of the invention.

(Example 1)

s As a substrate film, a 50 pm-thick biaxially stretched
polypropylene film (Mitsui Chemicals Tohcelio, 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.

10 [0063] 18.0 g of pure 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) arc 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
15 melting pot of the evaporator, and the apparatus is vacuumed to a
pressure of 1072 Pa or less. Subsequently, in order to avoid 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 alloy evaporation
20  source. After allowing the alloy evaporation source to stand for
cooling in vacuum, the evaporation source is again heated with electron
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

25  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
evaporation sourée 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, 12.0 g of pure tin
(purity: 99.9%) particles of 1-2 mm size, and 12.0 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 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 pm-thick biaxially stretched
polypropylene film (Mitsui Chemicals Tohcelio, 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: 99.999%) sputtering 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 film. 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

26
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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
resulting alloy thin film has the value shown in Table 2.

[0069] (Examples 10 and 11}

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,

[6070] (Examples 12 and 13)

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 pr0p0f‘tion in the alloy thin film and
film thickness are as shown in Table 2.

{00711 (Comparative Example 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 1-2Z 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 wi%) copper and 12
atom% (20 wt%) tin.
f6072] (Comparative Exampie 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 proportion 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 1 except that 25.5 g of

27
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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%)
5 aluminum.

[0074] (Comparative Example 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

10 as shown in Table 3.

[0075] (Comparative Example 5)

A copper-germanium alioy thin film is vapor-deposited onto a
substrate 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

15 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.

[0676] (Comparative Example 6)

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

[0077] (Comparative Example 7)

25 A 3 mm-diameter brass rod (30.0 g) consisting of 60 wt% copper

and 40 wt% 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 coloriess 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 in the same manner as in Example 1. However, the
5  resuitant thin film and the remaining evaporation scurce both have the

same color as pure copper.

[0078] (Comparative Exampie 8)

A brass sputtering target (60wt % copper and 40 wit% zinc) is
loaded into a DC sputtering apparatus. A 50 nm-thick alloy thin film

10 is then formed on a substrate film by sputtering.
[0079] (Comparative Example 9)

A copper-silicon alloy thin film is vapor-deposited onio 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

15 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 wt%) copper and 30 atom% (16 wt%)
silicon. The resultant alloy thin film has the same color as pure
copper.

20 [00BO} (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 source.

[0081] (Comparative Example 11)

25 A copper thin film is formed on a substrate film in the same

manner as in Example 1 except that 30 g of pure copper (purity: §9.9%)

particles of 1-2 mm size is weighted to prepare an evaporation source.
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[0082] (Comparative Example 12)

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

5 {0083} (Comparative Example 13)

A silver thin film is formed on a 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 weighted to prepare an evaporation source.
[0084] (Comparative Example 14}

10 A pure silver sputtering target (purity: 99.99%) is loaded into a
DC sputtering apparatus. A 350 nm-thick silver thin 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

15 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

20  same manner as in Example 1 except that the copper-tin alloy thin film
is formed by vapor 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

25 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,
[0089] 1) Q value

The films prepared in Examples 10 to 13 and Comparative
Examples 12, 17 and 18 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
terminails of a voltage meter are pressed against the thin film surface of
cach 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:  1x10°% (A), 2x10°° (A), 5x107° (A), 1x10°° (A),
2x107° (A), 2x107° (A).

Current supply equipment: KEITHLEY220 PROGRAMMARLE
CURRENT SOURCE

Voltage application equipment: KETHLEY196 SYSTEM DMM is
used.
[0090] Q value (2 / (nm-Cu atom%) is obtained by dividing sheet
resistance (Q) by a product of film thickness (nm) and copper atom
content,
[0091] 2) Surface Smoothness

The 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-III surface profiler (ULVAQC)
under the following condition:

Load: 25 mg
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Needle: diamond needle of 12.5 um radins
{00921 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
5 with a X-ray diffractometer (Rigaku, RINT 1500) under the following
condition:
X ray target: Cu
X-ray: Cu K ALPHAI1
Goniometer: wide angle goniometer
10 Scan speed: 2° / 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,

15 In FIG.2 the horizontal axis represents 2 8(") (where 0 is incident angle),
and the vertical axis represents intensity (cps).
[0093} The following Tests A to D are conducted for the films
prepared in Examplies 1 to 9 and Comparative Examples 1 to 16. Tests
E and F are also conducted for some of the films.

20 [0094] Test A (metal composition analysis)

A part of each film is cut into 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

25  copper (e.g., tin in Example 1) among all of the detected metals.
f0095] Test B (antimicrobial activity test)

The films prepared are cut into 50 mm square pieces to prepare
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sample films.  Antimicrobial activity test against Staphylococcus
aureousis is conducted for these sample films in accordance with JIS Z
2801.
[0096] Colony counts for the bacteria detected after the test are given
5 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 wvalues for
10  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).
[0097] Test C (durability test: degradation by contact with hot water)
15 The films prepared are cut into 50 mm square pieces to prepare
sample films, and are attached to the wall of a bathroom. After
showering the surface of the sample films with 4022C" 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
20  drying without wiping off the water droplets attached. This procedure
1s conducted for 3 days twice per day, after which the degree of
degradation of the metal thin film is visually evalvated. 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
25  evaluated.
f0098] The degree of degradation of the metal thin film is evaluated

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

O: No discoloration in metal thin film

x: Discoloration 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
[0099] Test D (durability test: degradation by contact with salt water)

The films prepared are cut into 50 mm square pieces to prepare
sample 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 the 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 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.
{0100] 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)

O: No discoloration in metal thin film

x: Discoloration in metal thin film
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(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

5 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

10 a 4 cm x 10 cm piece to prepare a sample film. A 50 nm-thick thin
film is 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 fiim 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

15 mean value 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 1s deposited onto a sample film which is
obtained by cutting a 25 um-thick biaxially stretched polypropylene

20  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 load 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 layer becomes visible

25 means 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 it

has been scratched 30 times.
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[0103] The evaluations results of Examples 1 to 6 are given in Table 1,
the evaluation results of Examples 7 to 13 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
5 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 [Cu/Sn = 80 atom% /

20 atom%]. Non-tested items are designated as [-].
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2F10180-PCT

[0104] From the evaluation results of Examples 1 to 9 given in Tables
1 and 2 and the evaluation results of Comparative Examples 1 to 16
given in Tables 3 to 5, it can be seen that the films having the
copper-tin alloy thin films of Examples 1 to 9 have sufficiently higher
5 antimicrobial activity than those of Comparative Examples 1 to 16. It
can also be seen that the films having the copper-tin alloy thin films of
Examples 1 to 9 showed no discoloration 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
10 resistance compared to the films having the copper-tin alioy thin films
of Comparative Examples 1 to 16. 1t can be particularly seen that the
films having the copper-tin thin films containing 15 atom% or more of
tin showed no discoloration or film loss even after the 7-day
degradation test by hot water showering and after the 7-day degradation
15 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 Examples 10 and 11 with Examples 12 and 13
20  reveals that the vapor-deposited alloy thin films have smaller Q 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 alloy thin films
have high abrasion resistance as well as superior film strength and
adhesion to substrate film compared to the sputter-deposited alloy thin
25  films. As shown in FIG.3, it can be seen that the color of the substrate
layer is not yet confirmed after scratching the thin film surface of the

sample film of Example 1 30 times.
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2F10180-PCT
[0107} From the XRD data shown in FIG.2, it is confirmed that the

unstable peak of Cus;:Sni; 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 unstable peak of Cus4;Sn;;.  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 No0.2009-206818 filed on September §, 2009, the
disclosure of each of which including the specification, drawings and

abstract is incorporated herein by reference in its entirety.

Industrial Applicability

[0109] 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 even onto lew-heat resistant plastic substrates.
Thus, the antimicrobial raw material can be suitably used as a flexible

antimicrobial raw material.
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53Ll,,Clt0=c..=-m[Lc' 2F10180-PCI [0104] From the evaluation results of Examples 1 to 9
given in Tables 1 and 2 and the evaluation results of Comparative Examples 1 to 16 given in Tables 3
to 5, it can be seen that the films having the copper-tin alloy thin films of Examples 1 to 9 have
sufficiently higher 5 antimicrobial activity than those of Comparative Examples 1 to 16. It can also be
seen that thegfﬁ Ei?é@% the copper-tin alloy thin films of Examples 1 to 9 showed no discoloration or
film loss both after the 3-day degradation test lyih@iMé&ter showering and the 3-day degradation by
salt water contact, thus showing superior corrosion 10 resistance compared to the films having the
copper-tin all&yaHih films of Goniparativadbiahfsiesm as 1ig! IEedPbes aticularly seen that the films
having the copper-tin thin films cqtntaining 15 atom% or more af tin showed no discoloration or film loss

even after the 7-day HEGrAHAREh 1BEF by HSEWdESHOWRHIY Hntt Bfte Ph 822 by BE détidtion 15 by
salt water confacl, s fiandng S ANGR Gprrapion fegistancsy (9160} Comagrisan gf,Examples 1
2, 8 and 9 with Comparative Examples 15 and 16 reveals that the amount of film curvature can be
significantly reciscadeahienanacalingdreatmeys Inab coRdsisted [} 106h Somparsam pp Examples 10
and 11 with Examples 12 and 13 20 reveals that the vapor-deposited alloy thin films have smaller Q
value than thersputter-deposited alloy thin films and thus are less dense (i.e., sparse). It can also be
seen that the vapor-deposited alloy thin films have high abrasion resistance as well as superior film
strength and adhesidh P B86&ifate AP Roripared PP €p ifertBepSLRaH Alfoy #iRT 25t ifms. As
shown in FIGC% it grqrg.bea Oenlthat;[hc%CQIcl)xr]%f tho%gu%?rgtt%llx?yer isgg)t%et qynfigmgd ag'%er scratching
the thin film surface of the sa%pﬁg?nm of Exanple 1 30 times. éoFEl(b 0-PET foi ﬂ Pfom the XRD
data shown iR G 2 Afdsmeontirmed ihaktae uistablespaak of Cu41Snll 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 filmi &brasion reswtanceninbreases with ingtbasity Sriftensityhot the snestable peak ZHEunSnii. The
relatively large peak confirmed in FIG.2B is considered to be a peak derived from the substrate (PET).
[0108] This apflication is entitled and claims the priority of Japanese Patent Application
N0.2009-206818 filed on September 8, 2009, the 10disclosure of each of which including the
specification, drawings and abstract is incorporated herein by reference in its entirety. Industrial
Applicability [0 According tQ the, pieseRfIIMertian. it is passible dg felatively 134ngxpensively
provide an antimicrobial raw material which has high antimicrobial activity and high corrosion
resistance aneivehidh aar hedisectlydeposited ever onoi loyvIieat: resistant plastichaubstpates. Thus,
the antimicrobial raw material can be suitably used as a flexible antimicrobial raw material.
2F1018DEPCTIemAIME Glaim WA afftitnitsBlsidl ey peaierial sompasiiglly censisnatefayer made of
resin, natural fiber or paper, the resin having a deflection temperature under load of 115C or below as
5 measured ih3¢cordance 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,

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

polyethylene, and polypropylene.

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
25 being obtained by dividing a sheet resistance (Q) 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.
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10wherein the copper-tin alloy layer has a thickness of 5 nm to 200 nm. Claim 2The antimicrobial raw
material according to claim 1, wherein the copper-tin alloy layer contains 15 atom% to less than 40
15atom% of tin, with the remaining portion substantially consisting of copper. Claim 3The antimicrobial
raw material according to claim 1, wherein the substrate layer is made of material selected from the
group 20congitHgbPRdlyethylene terephthalate, polyethylene naphthalate, polyethylene, and
polypropylene. Claim 4The antimicrobial raw material according to claim 1, wherein Q value (0 /
(nm-Cu atom%)) is 0.001 to 0.007, the Q value 25 being obtained by dividing a sheet resistance (Q) of
the copper-ticallay fayer by armpradieti of dhickness afffemadne egppenagtom content (Cu atom%) of the
copper-tin alloy layer. 44 2F10180-PCT Claim 5An antimicrobial raw material comprising: a substrate
layer; and a copper-firf afté}f fdyekedisbosed on the substrate layer, the 5 copper-tin alloy layer formed
by simultaneous vapor depositign n evapar,ation source composed of a copper-tin alloy

using a
containing over 60 atorfi3BRE'8E ﬁtoﬁs‘}p@o’roﬁﬁéﬁﬁbe 1SRGSFE affindl o TROS RN 41 BESmIBof tin, the

copper-ti alloylgYPiaiia R NgkpeRt At ¥y t&&Qﬁte%é@ﬁi}kﬁfg&ﬂ@,@%@?m%m@% jaw material

according to any one of claims 1 to 5, wherein the copper-tin a yer covers the entire or part of an

outermost sufaee Hf dher antinuiarebiakmpaaieriad. £laip ydheaaniimierelial iawnpageral according to
claim 1, 15 wherein the antimicrobial raw material is a film, and when the film is 4 cm in width, 10 cm in
length and 26 @irtimtficknéss asdmmathoutopparvandre s 2tomPorttedss Claine Sfthe tamtifhicrobial raw
material according to claim 1, 20wherein the substrate layer is a nonwoven fabric, woven fabric or
yarn. Claim $A HiethBa foPRoatiangt Ly dawshidrabiae av Matarsas e6riphiing: 200 1yroviding an
evaporation source composed of an copper-tin alloy 25containing over 60 atom% to 85 atom% of
copper and 15 atom% to less than 40 atom% of tin; placing a substrate so as to face the evaporation

sourcej PF1B180:PET  eHaPRratiRg e corpektin 8oy fiom the Avaperatian spurcgdo generate a

metal vapor; and allowing the metal vapor to contact the substrate to0 deposit thereon a copper-tin
alloy layer cantaining oners6Oxaiiendn tok0 atppdo nhcapper angelOcatorndotto:lass than 40 atom% of
tin. Claim 10The method according to claim 9, wherein the substrate is made of resin, natural fiber or
paper, the regiithalitiy audefaessrs einssrafutbaupeemoexpbiall 5OvombEGiRlas measured in
accordance 10 with ASTM-D648-56 under a load of 1,820 kPa.

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

curvature i1s 2 mm or less.

Claim § The antimicrobial raw material according to claim 1,

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

Ciaim 9 A method for producing anr antimicrobial raw material,
comprising:
providing an evaporation source composed of an copper-tin alloy
25  containing over 60 atom% to 85 atom% of copper and 15 atom% to less
than 40 atom% of tin;

placing a substrate so as to face the evaporation source;
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Claim 11An antimicrobial material comprising the antimicrobial raw material according to claim 1.
15Claim 12The antimicrobial material according to claim 11, wherein the antimicrobial material is used
as a touch panel protection film. Claim 13The antimicrobial material according to claim 11, 20wherein
the antimicrobial material is used as medical material. Claim 14The antimicrobial material according to
claim 11, whetBt &2 ntimicrobial material is used as purification material. 25

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%

5 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 resin, natural fiber or paper, the resin having z deflection
temperature under load of 115C° or below as measured in accordance

10 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.
15 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,

20  wherein the antimicrobial material is used as medical material.

Claim 14 The antimicrobial material according to claim 11,

wherein the aptimicrobial material is used as purification material.

25
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