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t he f asnat pwposed, trermibrobicitiallmetab priesant it peres drasilicargd! exbibit @xvelyahighegvailabitlty disy the he

i nt ended ctmmpogittn heeatigheoefficancy of plilzatioe thas lnowe Mitipicrabiaf 2eolités)-t at e t he

product i on{14X Therantimicriobitl compisiibn eiche oresant pyentinavipmigse dreadupeyd syatent isreffeglivenct The
pores in t ey againsteampe bagtadeand Amei iyt disoseniest algdonposi ti on of the present

i nventi on athe fqllgwipggxamplesare preddedifes therpytrase-f furiher Austirting sherresgatdnyention.

anti m%raobi al agents. Hence, mcrobicidal netal ions forned as a result of
di ssoci atFEP%t the corrpositi on wll readr I y di ffuse through t he pores to
have easy ces

o ’lvf S b el s
gro &t

anti m %Ii d'to Sted n&r ﬁdaﬁ&'of ﬂEﬁu@koggQ”S

f or med afk & sE:S‘c‘%fH s rra‘a 534%6’942 do%nééﬂ '( 5 k}sﬁoré’\?di%e,

fail to h?)’&mq&i‘ 8F fnodt)! The M8 Wad) iod 450206 FonE ¥ RbHm! &hserrapdoa&r@nto the
speci fi C sk, laDEN ifidn biSodiftf b wa¥ adddd Sl arrt.pa»re bR S Wak fifinEadiusted
particl eg 0.5 hep.Grmen, X8 g/iNGAIOA disdoRbPRI T i E dedteake Mirfyenll néanir@st act
Wi TR 1o C W E13rdd bS205- 30 blorltal 121 HaGrs @E.460 -500 Fﬂﬁchﬂﬁ%uﬁ'rﬁb e nialira Reefilefdaiahd the

ant i m cr cllidphase @aé aadiedeith viater & re@cieloRbss dkaf land uhfdasted NaAI®RC Burh@ tHelwashing, the

ef f ect i veHas the difiratb ves hald: atcbout B.AT theradid bhgse, esploton@h sitvbranitater (bp 6. @htaihing: ca.
matri x i 9.68 & AgiQk) lwas ‘adtied @nd tha cemiiting\mixtuge was stisedicrmtidueustyoat 488 e 55 rpmacver ai t h
m cr oor gaerodreé aboPh@ heuns. iDfingr thé stilingc hembdure wemheld attrbam fempereite (Phv1T)-dile does
not hake abdyp Q"OB‘?"GJE?I substanfidly gpmpisied-the piepdratian dr@t"&i"%‘“?%@'m@"?ﬁ@g@n'ng Biera he
surface &fcide!iiveriops. Alter\iiorqed ef he topstion te Hﬂ%ﬂ“@dﬁ% Hltererd ﬁP“ washechig YRAMP SFeRSS A
Furt her, fPRehejsplidcrh |Thﬁerfaﬁfrest Rf%d"E‘oWr %’t?dvﬂt t18% 5 ‘3 ‘En‘ﬁ ﬁ?fé‘t‘lai giligg cgel based

subst i tuta@tfﬁ‘%‘ip'aé"%pe ??B"E’?tﬂ%\'fg d" m er o i ci dal
@“ﬁ?ﬁ 'P‘t°51"°5 ﬁ’8 Pact
win rrrcf;g’a t; gl Te %gsa P°’?H°‘%;é Sl
t he ‘e f f A “ O SI \119|’ nu asL ‘?rre oomgosr rn
proportion o¥ usec? s occ | ed the net al present on the

surface, is narkedly |ncreased to 25 |nsure that t he conposition of the
preseng invention need be used in a smaller anmount to exhibit satisfactory
antim crobial performance. Hence, this conposition can be mxed with a

pol ymer to produce an effective antim crobial polynmer conposition wthout
causing staining or discoloration which would otherw se occur if a

m crobicidal netal is

8




v

used in a large anount. 30 The antim crobial conposition of the present
invention has the follow ng additiogply fa8384'B$S Or advan- tages. (1) It is
total |y conposed of inorganic conponents and the mcrobicidal netal in it
is stably held on the matrix by ionic bonding. ‘Even if the conposition is
added or mixed with a polyner, the rel eamBleor separation of the

m crobicidal netal is negligible. Hence, the antimcrobial polyner based on
this 35 conpositifpn has the rmcrobral |effect will
be sustained for a Ipmm per+o- gﬁy,g%ap@ B4on Elg”i) $ contai ning
organi ¢ &ntim crobi S&g@fmssﬁacmed(né/s)s M'h@b'@%p@ﬁadﬂﬁ)dmmdé!@o ®t |t he

partN,(I es in the pollyner is g4 . (2) The antl mcrqp,u,al corrp03|t on of the
pr esent i nventi on has—mo—toxtctt Y15 T glny safe—to—the—humen Ody and can
be handled with great ease. 40 (3) The antimcrobial conposition to be
used in th%iﬁﬁzgnt i nvention can not only be added and m xed with various
pol yners % sy way but it can also be dispersed uniformy to provide a

homogeneous pgly ghl, fé%ﬂt‘%ﬁg& 'th%“ gr‘%éa io Qfeana t«HE‘r LaPQ& os.ﬁo‘?.”Pc%érE. ?J‘th@ esdnt

stable str r%ﬁ"th od diiica & dnll Iind%
excel | ent. 'véte? Wi 'a96bd't§ célﬁ g d?sgl{eﬁ&%?‘ ifica Gel BeadsLBlobid Sg\}ik’%
I tS presgnGpechc |sbrfaB@hJa 1QE0 fdg; pore SR, an(séfA? pbr SolBY, 2176 /P pai&s Likd? S650m |
pol yMer NOTmddR)@ass).tTha dhigirs Rhs)siifdd #9460 L 140 B & folnes h&ﬁ@&fe@usogmrmth@é@ kloky
of the pol WBluticwBIsAGIunh  HdroxideDuas HaBeddkwlyTuril OB of GRMBAG iWab MRkl bajdshA 1o 9.5 -
present inweniTmn, daagea &iraaaduddis boXition ofsodium EAiiatleUORA MY WaY eddel td @6 tsiukre
agai nst nmanichaes etiriedlat 201025 Crrgy ca. 18 hdubs @450~ B0DLrp@i t Bkre @n laldminGsilicatd BoBn the
ant;i al gado agréacts of (pbres Gothersilicaigal Sybsemqiiertly Sthe nixBirewas ditiered anelahe solidsprasbvasi wasietie e
al k\a-l/l es | nitkiwgter fo wwente axoesa aikali gndHinreactdd gpdivifn alumisate. Duringcthe washing.ubp eHF g =
11.5 - 12) fitrake wasi heldab e B. A mixiure of AgliPacand Zodiele denfadensus $olutien of@BeMd AgiiGs dng 020N
~exchange. MZp(NPg2:piise 41 Wes agded togtha wishedssoligh phase ansk the tesyiiing zebdirp wes bild at 20 -
cause ext erdiGand:ies eostinupysiycat 450,500 pm qUraRiPeedsf ca. A hepns. iBytitherabpierocedure of
zeol i t e.25THRFLxCangs rgagiien, é% aafimicrebial f“'°3r?°%¥€l@l'i‘€t $ilyefand gipe s Bicropiside ety wase
free al kal |T§§a"?? -Jhe °F' 99 wag it hed {o,{emoyp QxLepsFilyes Anayging fpm the solid phase.
antim crobi 83’?@) giedg 1 rF I‘Féepﬁ‘ C gehbased F’B‘H"WWbFWQS"é?”
v'g,f'r? g

treatment i ﬂ thﬂ O esent mven&on SQHH ned Ove SQ th

is 55 n ffic su 3ce
it nggaf i;%;t%sg%; fy %%j o ﬁ: h &a ol E javolm e
al kal i es. z,znioﬁgggagagﬁgn 3 n T e g?lf]tel mﬁlcrgob?ggg@onpodssﬁa}ldgﬁ( t%qgae 8ed

in the present |nvent|on 'S based on silica gel, so when it is added to or
m xed wigh a polymer, it exhibits not orhyeanti m crobial and/or

m crobi cidal effect but also the i nherent action of silica gel as a filler.
(8) The antim crobia COﬂpOSI[IA) ' rilvsm rom 75 useful for
the purpose of provi fing-5 piniciogly ?s'm PR or paints]| pignents,
paper, rubber, etc. mesuﬁacaerecmbul t Migrobiaicia ntehempmtoe‘rmlnﬁl t o be used
for e ur pose of pfoviding antimcro )| al aﬂéi/ or M crobizgidal jproperty for
cvarious coatings, anp—e+—t+he—put-pose—p—provreinRgtantmerobial property
for construction matprials sd@th as joint fiPlers, Wall PHMerialls and tiles.
Anot her potential application of the conmposition is in water treatnent. (9)
Accor di n t O 1h bRieIGRBMPdre the \aRtMidrebial adlivityydTtHe cOMPIBAIcH blepdléd if Erarkpie 2 @iffM&aS a
partial 1Y aniowh ahtiditrybidl esdlis] @tast vk condic@edin0srale Guma icorititionsHactdriiay to tsUshake flask
ant i m cr obimatho@rodevievesd by aimgp trikirdus Prsiudt Hastitaty Rrocaisingi Gopfeteacedr o Hediest,ascherichia coli
tim crobi akendfephylocoriusr avisius welal usgs apesttbacthsin: Théantimicrnbabieelite ufegaes aoromiparglive d
phase) wi t lsantig wis dried yingragvalet oinladgZnZ G20% Aphanddird7PenZic oot anhygdrobsyasis; Z = the
Conposi tg, omatsik ot asplitgRleTerlest pracadiypiwehasiplows.has t he potential to be used in

appl i cat | ons@hAcrpearianddils iy PHIEH santeining ea 1foppligmbioficetop) hegtedmm MascripRAEadand e
required. diluted appropriately for the tost.

(b) Test by the shake flask method: The test sample (the dried powder of known antimicrobial zeolite or
the antimicrobial composition of Example 2) was taken in an amount of 0.005 g into a 200-m! volumetric
flask. A phosphate buffer solution and the suspension of test bacterium were added to make a total
volume of 50 mi, with the number of cells being adjusted to 105 per ml.
(c) Test bacteria: Escherichia coli (IFO-12734) and Staphylococcus aureus (IFO-12732)
(d) Medium: Mueller Hinton 2 (BBL)

The test resulis are shown in tables 3 and 4 below, in which the data for a control containing no

56
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15 (11) The present invention can be utilized to provide antim crobial
and/ or m crobicidal property to va%é 642 g{ers including hal ogenated and
non- hal ogenat ed organi ¢ pol yners he "antim crobi al conposition of the
present invention could be used not only for the purpose of providing

anti m cr obmmlicrbi®ERhitiy alboBhowill i OUS waxes, paints, pignents, paper,

adhesi ves, coatings and construction nmaterials (e.qg. joint fillers, wall
materials and tiles) but also in water treatnent. The anti m crobi al
conposi tion of the present 20 i nvert8Rkecdn al so be used to provi de
antim cg obi al propagdnmsr fson of VARt inbekshSaDrnaopivity Bebween (12) The
ant i Wcr obi al conpasitimicrdbidic Zeckite amd etie cintimicsebial aqueous
systenms has hi gh wltampcsitiemr ofdExdmpbe.2 H/BPest fbactesiused in water, it
remains intact for B |godd + ifndtialk reekl yeomnyti gi Hi @ xli 50T ation i nt o
fines. 313) Wen t Hotad i i grishiealumepost@ imd) of the present invention is
used i Mwa PUTPOSES,| The m crobl clgal et al
present in pores‘mwnsilqli‘&iaéel exlglpmgiﬁgﬁy hi P aved | 6iAble\Ce118. the
conposi ti oh has a hid#f¥t ef fi ci en¢bif1 Uketazati on t harPKhdWh anti ni croUbi al
zeolites). (I The ant) m crobr al |cagpsént on [of the pfes I'n n,|f or
use in ,aqugou yéﬂ?stem AMOUN Gt vé not onl y agai nst co bac1%§' gmg
fungi but im Jist al gae. The|follow ng exanpl es ale proviged for tjhe
pur pose of e |II ﬁrﬁd thgk U St ffvention. i so Exanple 1 Thils
exanple re To 10 the T rﬂi i Tl | leokpbRT | i on0
accordi ng ‘ﬂa‘A n@r)esent |n ent| of t at” Uses gilica ge] as a nmptrix an

t hat caat a ridal et al 35 Three litbrs of

des®Ht ed heimidyordded to ca. 1{4 kg of crughed silifa gel (product (7]f

Ni shi o Kogpaal SomsPed gy Souminc e Apf=a0, 19 MY S /.5 am (75
A); pore vebstion)of [(@.1] meem)c rczn&iozem MJM %f‘?‘fq faf‘[é’f%s% - amesh)).
The m xt ur xumplfet |2rred at 450 - >00 rpmto f(brma ho pgenous Elurry. To

t he sl #ryr—eao6—5+tsotutromrof—spdrumrhydroxirde—weas ded—stopy—urtT] t he

pH of the $lurry was Nondmiti-adj usted to 9.5 { 10.0. en, ca. {63 g of
[err] disshCendriod 3 pderpbdmlnat fr was added |t B¥ID%| SrdXL A S ¢ BRLOT ot ur e
40 was stifred at [erla]geﬂd:ra@éledﬂ hours at 4%0 - 500 rpm” Aftgr stirritng,
t he mxstura was TirTtered and the sol1d phase was washed wth water to
renmove ‘excess al kali and unreacted [err] During the washing, the pH of the
filtrate was held at about 9. To the solid phase, a solution of silver
nitrate (ag. sol. containing ca. 0.68 M AgNG3) was added and the resulting
m xture was stirred continuously at 450 - 550 rpm over a period of about 7
hours. j;puring the stirring, the mxture was held at roomtenperature (20 -
21 O . The 45 above procedure substantially conpleted the preparation of
an antim crobial conposition containing mcro- bicidal silver ions. After
the end of the reaction, the product was filtered and washed to renove
exc ss Ag+ fromthe solid phase. The washed product was dried at 100 - 110
obtain a silica gel based antim crobial conposition containing silver
_as a mcrobicidal nmetal. The antim crobial conposition of the present
‘invention prepared in Exanple 1 had a specific surface 50 area of 324
[err] (as nmeasured by N2 gas adsorption in the BET nethod) and a pore
volume of 0.72 [err] The anobunt of silver as determ ned was 4.90% (on an
anhydr &8s basis). The conposition contained 0.14 mml of silver per 100
[err] of the surface area on an anhydrous basis. 55 8 EP 0 444 939 B1
.Table 1 Antim crobial Conposition (Exanple 1) 5 Specific
surface area (n2/g) Mcrobicidal netal (Ag) in mmol /100 [err[ 324
0.14 1Q,Exanple 2

55
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This exanple relates to the preparation of an anti m crobi al
according to the present invention gpgiasl
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EP O 444 939 B1

ant i m cr obi algagféiife anBmidtobig Z86\Ehd the antimicrobial composition of Example 2 which were subjected
to the antimicrobial activity test under discussion contained both silver and zinc as microbicidal metals and
the former contained these metals in slightly larger amounts than the latter. However, as Table 3 shows, the
antimicrobial composition of the present invention exhibited greater antimicrobial activity against Escherichia

55

coli in view of the high rate at which the number of cells decreased with time. After the passage of 10

minutes, the cell count in the suspension containing the antimicrobial zeolite was 1.1 x 105 per m1 {death
rate, 80.36%) but the number of viable cells in the suspension containing the antimicrobial composition of
Example 2 decreased to a much smaller level of 8.9 x 10%/m{ (death rate, 99.84%).
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Tablre 35 Conparison of Antim crobial Activity Between
Antim crobial Zeolite and the Ant'ég'b%g hgtgq Composi tion of Exanple 2 (Test

bacterium E. coli; Initial cell count: [err] total liquid volunme: 50[err]
10 Antim crobi al Ant m cr o- No. of viable cells agent bi al
met al PRrthe {e&t Using BytPpRylococcu\BeU8 [(see Table 4); @at ihber of viable Qells in the klspensiodl

(m n) 15 contahing antimiztobial zeolite wasHe. g/ 10@n1Thiek thp passdgy—d .30 Chintips ahdethe Kedlh eSS
eolite 95@0%J10mbé nhdr haath the vidbie ng)l codis mgtianaiispebSon’ecvhiaining the -antimidrobdad compo§tiong/ 50
M Ag=0.ol Example § essr§.2 pdWinbit WY mig@eslangghnustiall calls-hed Bebn fkiflock Afigy|the 2sdage 415 -
Cont rob  mintitesr b fegth rate was 100%. Table 4 cl@ripshb@s theirthe Steapatiqp[rale pf] Staphiepoccys| welis 30
35 20" 45 w89 bysfar] faster wiEn (e Antmigrgisal mempasitipr) of the FPesgnt Javentipg ghap]when théy &nawas t
usi ng St ap¥YFeRidelie vaspseds (see Tabl e :%ﬂé t he nunber of viable cells in

t he sus pg 41‘,6 Loith 9%%%’%1‘?1?'}?%'%9% ?ﬁ"ﬂtﬂ &ﬂ {ﬂ' d'?aF fhé %@“@'ﬂ °5{’["§’P'F' n of fhecrespiie
passage

bl éf1°r'“ (?8 ar lgbl roblal and/or
Composi ¢ %{Eﬁ% i %% : '3?" h@gw %"feﬁ s Fte
lpr ntioh by Con 0

had been %re g en s Ie Ctur On am{) Ou s eéeas .
e Tat* : CR e %f ﬁ&eﬁw
il nt

jnt

U ous ﬁuc PJ&H r&na[vé'i

1A% ﬁhélaiel cgg&éfﬂ ly dré%{é
i nventi Orboﬁn nt QMﬁnfh in MeCen al%@dnTe' ﬁi’ereVl%n Edlttere l?@anﬁ%%'s S
of the ang ihghﬁﬁ'lﬂhib@bf bﬁ&éricl&hltr?{etélseﬁltthé Q1aditRe of ﬁreiehﬁnv@ﬁﬁoh HhiGbskMdaBinetals are
conposi t idfibGbd loh @ndPERRENbE bdiesE BiisaiiallyS byb iAR I ofiding. @nt hé olhBIOWRd At théTkadwabi al
zeol i t e iantinctbbidVizedliBPinidlobidiad! n@tils ald distridufed Aififolnil MI'thedddbiité Mhatx. When this structural
. 20 difference is taken into account togsther with the arrival of microorganisms through diffusion at the active
\—/ sites where microbicidal metals are coordinated and the area of contact between the microorganism and
microbicidal metal, the composition of the present invention is by far advantageous over the known
antimicrobial zeolite. In addition, the efficiency of utilization of microbicidal metals for antimicrobial and/or
microbicidal purposes is higher in the composition of the present invention than in the known antimicrobial
25 zeolite. The pores present in the matrix of the known antimicrobial zeolite have such a small size that
depending on the kind of microorganisms, the diffusion rate will decrease. Further, microbicidal metal ions
formed as a result of dissociation will diffuse so slowly that an unduly long time is taken for those metal
ions to contact microorganisms or, in an exireme case, such contact is entirely impossible. These
phenomena will contribute to a lower efficiency of ufilization of microbicidal metals in the antimicrobial
30 zeolite.

Example 3

This example relates to the preparation of an antimicrobial composition according to the present
85 invention that uses silica gel as a matrix and that contains copper as a microbicidal metal.

Desalted water (1.7 1) was added to ca. 0.9 kg of silica gel (ID silica gel of Nishio Kogyo K.K.; specific
surface area, 310 m2/g; pore size, 150 A; void volume, 1.2 mi/g; particle size, 50 - 80 mesh). The mixture
was stirred at 450 - 500 rpm to form a homogeneous slurry. To the slurry, a 0.5 N sodium hydroxide

i solution was slowly added until the pH of the slurry was finally adjusted to 9.5 - 10.0. Then, an aquecus
~ 40 solution of sodium aluminate prepared by dissolving ca. 100 g of NaAIO; in 1.8 ¢ of water was added to the
slurry, which was stirred at 30 - 32°*C for ca. 16 hours at 450 - 500 rpm, After these treatments, the silica
gel was packed in an ion-exchange column having an inside diameter of 50 mm and washed with water at a
flow rate of 4 - 5 mi/min to remove excess alkali and unreacted NaAlQz, with the pH of the effluent from
the washed column being held at 9. Subsequently, the packing in the column was treated with an excess
45 aqueous solution of cupric nitrate (pH 4.0). Stated more specifically, the column packing was treated with an
aqueous solution of Cu(NOs): containing 2.5 < 3 equivalents of Na* in the NaAlOx solution. The liquid
temperature was 20 - 22+ C and the flow rate was 3 - 4 m/min. After the ion exchange, the column packing
was washed with water at a flow rate of 4 - 5 mi/min to remove excess Cu?* from the solid phase. After the
washing, the column packing was recovered and dried at 100 - 110°C to prepare a silica gel based

50 antimicrobial composition containing copper as a microbicidal metal.

The antimicrobial composition of the present invention prepared in Example 3 had a specific surface
area of 248 m?/g (as measured by N2 gas adsorption in the BET method) and a pore volume of 1.04 cm?3/g.
The amount of copper as determined was 4.25% (on an anhydrous basis). The composition contained
copper in an amount of 0.27 mmol per 100 m? of the surface area on an anhydrous basis.
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10 worth particular nmention. The difference between the two antim crobial
agents in antimcrobial and/or m crgbpgisslgsg gf fect would originate from
their essential structural difference. e antim crobial conposition of the
present invention has a silicon-oxygen skeletal structure based on

anor phous silica gel whereas the known antim crobial zeolite is crystalline
and has a siliconrgpyges- al Aant Nne Siel £1 atomdssTtisre. (Eeampbe ®f this

obvi ous structural diftéerence, the two antimcrobial agents wll

unavoi dabl y di fémécifi@hysrfate pdegerti es. 1Mferolekaidde, médh aOents are
porous buit the size of (w®/ep in the matrix is_mucin gmeal £100m? t he
antiTi’crobi al conposition of the present invention than in the
antimcrobial zeolite. T248e is another difference andt2&t is in the
distribution of bactericidal metals. In the conposition of the present

invention, mcrobicidal nmetals are distrihuted on t surface of pores
Subst antPal Lo B PRGOS e i o8 SR ere e, of e e sl deciese
antim crobi 3¥w'zeol ite, mcrobicidal nmetals are distributed uniformy in the
zeolite maf [hib?fio %@%H&iiﬁ .@%!r uctural 20 difference is taken into account

t oget her w 1 m croorgani sns through diffusion at the active
sites whgre MGhfktoh L6HlorRBioR tedt vl GorfRQSdiyNRd RéthcdtmmBiBedbdigh. Of cont act
between the f) ¢hRsSaRS ReddNed PoducO8t ittfel dlfihicroBidl @bmpdkiliéh (H6palea H Exa@Ple @for Hvars
present i nvegispédded & akynchitfationdy FRIRBRO LR iAMSGnatold @ ddigkn ant i m crobi al
zeolite. In gslebd hegrowtther iclolia; iaCMGlerofinton imetidra twad ruse, and eor afiei Growthlof MoRBiak s
for anti m cr sivoarhudsegaranediimowad bsedli dal pur poses is higher in the conposition
of .t he pwese@) Thertest midraprgabisrawas suspeindedidm physiolagital selinsr a b icaricerfition 08 TP icelis/m L Tand
por\eé pr esen®.1mi of the suspensiox wes displarsedin dharmediat witliacGonilgdliigirodz eol i t e have such a
smal | size t WaThedligkémpieangtedwith thestoitisaraple fasrilatednthpanddigns, t he di ffusion rate
wi || decr eas ) AFiar the bacteriaritherdishs werel shecked das thej foymation ¢t afdihibifion gone gy the Ragsage of
di ssoci at i on1&hqurs 437 7G¢i A8 fag ghesipngiythe q'%weraﬁh%‘wpyh? forpption pfeaninhibitign zage pr
those ne¥al hBRESHAS of Bneeweek at3P t§-JBP als sneshan in Tahlefipeloft r ene case, such
contact is entirely inpossible. These phenonena will contribute to a | ower
efficiency of utilization of m crobici als in the antimcrobial 30
zeolite. Exanple 3 This exanple rel at Me preparation of an

antim crgbial conposi ti dadailgmet dntialarobdal Ietiwidstion that uses
silica gel as a matrix and tHahiddiiomLons, Farmatiom)i crobicidal netal .
Desal ted wafer (1.7 1& S ac}g}ed t¢ ca. 0.9 K§ of siTrca[g€el, ((JD silicajgel
of Nishio Kpgyo K. K. : iqnAb1a) face area, B10 np/g: porSiditsd Gedo A
void volunmef 1.2 m/qg; qsd tdan Exanple 30| Exdmplell®e| ni

stirred gt 591' %% S0 form ajhonogeneous$ slurry T)"ﬁ?%’%éa%ﬁfs edlo.5
N sodi um hy roxilc(fe g'(ﬁu ion was_ sl ow y added until the 0—|1 énsll%ﬁ v} was
finally adjysted Qo hiFienlih O- Then, an aquepus 40 sol ption of sodium
al um nat e pﬁepare%%vi ng cq. 100 g ofj[errJ*in 118 | of ~water whs
ad@j totheslurry h was stifred at [ert] for ca {16 hours at 450§ -
500~Tpm4wAf ter @_@%%élr&%dm S, the silica gel was packed in an

i on- exchange col um Uy an inside di dmet er fof 50 nm ahd washéd with
wat er at a fHew+ate—eot—4—-5—F+HA—to—+erprE—execess—eala—eard—ur+eact ed
[err] with {he pBssuddmonsd | uent firom the waghed col um|being held at P.
Subsequently, th@eragdinoga n the c¢l uim was tfeated withjan excess 45
aqueous %ol ftFomof—TupriTrtrate HpH4 o —ptated-orerspeciFicatty—{ he

col urm packi ng waAsSPer&lldas,i t h an|aquequs sofution of [frr] containing]2.5
- 3 equival gnts of JA&VS in the [efr] solutioh. The liqu{d tenperature has

[err] and the TTQow rat S 3 - 4 Tmn. ATLEr thée 1on gxchange, tne

col urm pgcki ng w@%th wat ¢r at +a flow rate of 4[- 5 ni/ain to

renove exces$s J[err] t he solidlphase. Aftgr the wash{ng, the col um

packi ng was reco%er,etin rlqjiqg io?ld. Hlel% - e[der_r to prepare a silica gel
ARG SR

based 50 ant i n‘i_cr;o o Fdn copper as a m crobi cidal
metal. The antim crobial conposition of the present invention prepared in
Exanpl e 88 had a specific surface area of 248 nR/g (as neasured by N2 gas
adsor pti on i riThe RetingeFgbiaeerhrediioncmebared o Pample | 1uvhich epntdined Ag] as raricrgbicidah retaland of
copper as dhet antimicyebidl qompositiop Pyeppreth iny Fxamile) 21 whichs cqpipined oth Ageand ipptssmiciobipidal
cont ai ned dsfAscere gffesiiveaganingttbothr bagtegel Egehgtichiaegoli. 13iaphyleqogqus gpreys,andRgpydomenas
area on an anhydrous basis. 55 12
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EP O 444 939 Bl Table 5 : Antim crobial Conposition (Exanple 3) Specific
surface area : cidal netal (Cu) 5

(err) ' EPOM%QE‘ mvol / 100[ err] 248

0.27 10 The anti m crobial powder of the silica gel based conpositions
of the prafginssaianymingal Aspeiigiiugifiaed e Aspokiliud Wiger) fximingiah inbibitidrozvee inall bEthése fiveTest
15 ArcasashiThe tdilica gald meenfienedrit Tabte 6ot theasilicaoget ussdead by staltieg nmettdnaldn the
sunmar i z euepastianef the Bitiniidrebidl estipositomin Exafnplad. idaving do antivérebial agfivity,Hids silica gel did
ant i mi cr ofot fatm wrinhbiion Foa apindipeddal Table &xanpl e 1 or 2) was suspended at a
concensgration of- 100 ng/mM and i npregnated in a disk. (2) For the growth of
bactefi a,Deathifats| Measureent on nedi um was used, and for the growh of fungi, a
Sabour aud' s _agar_nmedi um was used.. 20 ‘Sgg) The test m croor anl sm was

suspended| fn 'H'@Pb?f iPSFs"L" ?‘ﬂ@“%fos’&‘ REEh ! %E—:[ﬂ? L%‘illir{bv

ot @. v °ra,°ﬂ 'c)'od
2 g\
Sé ) f l? t ?{% L X"é’ '%% jq%g&%%dée {opet i

dn
fion °'f‘ 'E‘é

i nhi bi ti o &?S{CE& ggi)fnor tqh Minhe

e
t he dISkS were checEdeS%I or t e OI’ITB.tIOﬂ of an inhibition zone after 25
t he pagsage of one week at 30 * C. The results are shown in Table 6 bel ow.
Tabl e 6 Eval uation of Pabiel Tr oMeasheémant yoBDeath Rate
(I'nhibition Zone Fornmati oni Antl m crobi al

Silica Cel corrpos%ljlp Exanmple 2 (starting Exanplle 1 Exanple
ieon
a Co Sta

2 mat eri g roorganlbem;h Rate (%)
in Example 1 EschiLrlc hyl ococcus

+ &uf eus Pseudongnas Aspergillud | Aspergillus 1 aerugi nosa
Aspergi |lus —-%;f;gs—-— _2@ 50

=t & . lphibiiion-zond formed -
No i nhi bition zorne fmmleéS-The ant i m gg@bi al clonposito®n pregared in
Exanpl € 1 whi ch gentai-red—Ag—as—atri-e+robieidal— it i m crobial
conposition prepdredExampkanpl 2 2j whi chi@@nt ai neld bot hla!@; and 4n as
m crobi ci dal net grs—were—effectvE—agarnst—bothbacterrat—Eschgri chia col i,
St aphyl ococcus auyr eusxampl®seudonpnas 1396 EP (O 444 9381 Bl aerjugi nosa and
fungal (Asperi gi | |'Ts—fTavus—amuASper grius niger, formmng am 1 nhibition
zone iM all of these five cases. The "silica gel" nmentioned in Table 6 was
the silica ﬁ%l aﬁﬁﬁﬁn@btﬂscoﬁmggsltﬁﬁsaﬁrgdaﬂg ir(@aﬁ\rplegh ahdl 2th9@a 100% death rate for Aspergillus

fiavus and Aspergillus niger, indicating the strong fungicidal action of the compositions. The antimicrobial
composition prepared in Example 3 also had good antifungal effect as already demonstrated in Example 3.

35

Method of Testing Antimicrobial Activity in Examples 4 - 8 and Comparative Example

Additional samples were prepared in Examples 4 - 8 and Comparative Example and their performance

, was evaluated by an antimicrobial activity test in the manner to be described below. When the test samples

(% 40 were shaped in a plate, film or sheet form, the test was conducted by spraying, whereas the samples in the

form of monofilaments were tested by the "shake flask method" specified by the Fibrous Product Sanitary
Processing Conference.

() Preparation of a cell suspension of bacterium:
45
The cells of a test bacterium that had been cultivated in a common agar medium at 37 ° C for 18 hours
were suspended in a phosphate buffer (1/15 M; pH 7.2) at a concentration of 108 cells/m? and diluted as
appropriate for the test.

so (I} Preparation of a cell suspension of fungus:
Conidia of a test fungus that had been cultivaied on a slant potato dextrose agar medium at 25°C for 7

days were suspended in physiological saline containing sterile 0.05% polysorbate to prepare a suspension
at a concentration of 107 cells/m?, which was diluted as appropriate for the test.
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preparation of the antimcrobial conposition in Exanple 1. Having no
antimcrobial activity, this silicgpgalsédsggpot formany inhibition zone as
indicated in Table 6. 5 Death Rate Measurenent One mlliliter of a

suspensi on containing [err] of pores of Aspergillus niger or Aspergillus

fl avus wagli) Antimictobidl agtivily tesbbgdhevsiptalp midthod: of a suspensi on of the test sanple
(the dried product of the antim crobial 10 conposition prepared in Exanple
1, 2 or 3) athezudasnobntastpi¢ar(5hx SGR0a.righ min exeept ohe film whichrveas 36 ¢ml thitk) cleaned
stand at [“h alcofobimprpgnatdhahserbeni\wadsiing jwap siprayed with 1 prsfdetpiminetiampynt of gelf suspension

di sper sed aphsteredsali38 (/¢ foria er eaagmmﬂ%m% Beiaiedneagiramente the Sells 9u the testipiecs greregphed
The™Runbe©ff 8d ¢ aismher ¢f cplls washigghvagsoy¥ddet ermi ne the death rate of each
f ungus. Rﬁs&wsul s are shown in Ta}lbl e 7. 15 Table 7 : Measurenent of Death

Rate Anti BI'C ial activity fest by the shake a:tljé%e[ﬂ}? Rat e % 20

(Z:EWDOSI t ion @S‘epg?ar J qce (mon amen8 %agput mltlo a % volumetnc conical flask contamlnga's

Ex | mi_of a phospha was further charged wnth Q;EZ n of test mncroogamsm
anpl e cor%entratlon of 10* cglls/r%x haken at 256 £ 5°C and the num I€was co erg at %ven

96 time intervals. 1 30 The antim crobral nmposi tions prepared |

Exanples 1 and 2 had a 100% death rate for Asper gi I | us flavus and
Asper gids| 9 TRstIféreordai@mCat i ng the strong fungicidal action of the
conposi tions. The antim crobial conposition prepared in Exanple 3 al so had
good ant i fowpgAdcoszhd asdus #O-F3eady denonstrated in Exanple 3. 35 Method of
Testi ng ArEs¢hetichia@bii IEO-12x34i vity in Exanples 4 - 8 and Conparative Exanple
Addi t i onalAspesgipk eigerw-811p85 epared i n Exanples 4 - 8 and Conparative Exanpl e
and .t heer perfornmance was eval uated by an antimcrobial activity test in
tﬁe’nanneW‘lMedh@@vswﬁﬂse@bb@P‘BW When the test sanples 40 were shaped in
a plate, filmor sheet form the test was conducted by spr ay| ng, whereas
t he sanpl dUillgrfintgne (PEH‘)FH'BFC‘%W@F PrReHBv sdeiose agee BiBEHoyokhe " shake flask
met hod" speC| fi ed by the Fibrous Product Sanitary Processing Conference.
(1) Prép of a cell suspenS| on of bacteri um 46 The cells of a test
bact erl um t
rours vers, g i e e B B e,
concentratj nd arrur as approp Frafe"” PRy o g
(1) Praspar roﬁcp ﬂte amﬁ.%s\ﬁ'cemp&tnoJ GiRg oarisl e ol 13} wif e
that had %Sé}e&h'i %M&BQ A&“- 3.12 Il F T2/ Yol ARsee AR in 4rbdl ddte; [sBdcl
for 7 dayguied Bres 82P #RE A8l meBsuRid)by N Qirﬂi@uln inSthd BEP mefbd) Mab lgRGndSihte ihd Barfbidd5 %
pol ysor bakgy hédteRlE AT £208 - 6 WHER NEUGH teh watof SINRNGI28S hridbeRly. QY dred GiRd paricid .
whi ch was waiel thikea0vitA VOO [With el téviner Beg irf dEantofiftiof 1.6% ol d%. The Mibdlesvlete hePhdaibd
(111) Ast icldectootzoat, mbgenizéd/ att tRs tanidyteinperat@p,r syl prasédd ol ‘ca. TAekgRmP faeio@l pats
t est pi ecenehsufing<cab 000X« 108 .x 115 romniPack iCtBg hapail padts ad duit infoi striall taBtpiedEs c£150 k 50 x
t hi ck) cl a&maro). Wietthusaapadad kesi pigepegana tiesigaitebP NGt and&tVﬂCngAs/\aeonmpmS&y,eckhaﬁeuh a
pr edet er mpart of RMRSUR. 100 x 4@ % 1 S(m;pgm;almng no antimicrobial composition was prepared for use in a

; blank test. This was cut into small test pieces (PVDC-BL; ca. 50 x 50 x 1.5 mm). All of the test pieces were

\/ 40 subjected to an antimicrobial activity test by the spray method and the results were as shown in Table 8.

50

55
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5 and stored at [err] for a predeterm ned tinme. Before neasurenent, the
cells on the test piece were washgg o0fss g%,t he nunber of cells in the
washi ngs was counted. (1V) Antim crobi aI activity test by the shake flask
met hod: 10 One gram of a test piece (nonofilanment) was put into a
200-m vol unetric conical flask contmmi@gs70 m of a phosphate buffer. The
flask was further charged

sg ft croorganl smat a
concentration of 104 ceII m ?\’EP i%é% égy‘gf %md t he nunber of
viabl e cells was content a 'ﬁa’f e V) Test

m cr-oofgani sm Stap useaurpus | FO 12732 Esc | C@f £ | FO- 14734
Aspérgi | | s ni ger §ai ) Medium (fqgr c ;gédi ggéa(xagi glls):

Mul | er Hijt et (B &1 e{pp, dbticSybourlaud’ (t ose agar - (BBLH

fungus 25 E@ﬂﬂ% J%jﬁe &-Felexganismt He preparption of| a shapgd

part of pglyvinyli er\ﬁ@mlp P (PVDCO) contai i ng Qn aptiba
Con'p()s.f (0 | Vel Jﬁn\l_Lnn cl JJ 1
eval uat i of antl m bi al sohdwiciia i ed_ product _of the
antim crobi ﬁfnéoﬁpay ti ofl %ont ai nj ng m%ﬂer ag % opi ciYal ta® wich
was prepafed in Exgnple 1 (Ag = O. 14 mmol per 100 n2/ g| of the
in anhydr QRVRG=R ef specdfic surflface at®a, 324 $2IxLeE| meadured byo N2
adsorptiof in the BET nethod) was| ground intolfine parficles
190 - 200 #¥QCUHdler vacuum to a wat erd@ont ent] $f2:08%k& Hel
fine parti[CTes Werg m xed w tn PYDC, W TIT tne [former

1.5% or 3%opvire-ar kt ur esgwer e t herASRORBHLIS |4 ane | F agskio Homoggni 4ed at
the same {enperatufe, and pressed at R2kEe®0 [drr] to f i

ca~100 x ( - mm Each of tlhe shaped pait o vig
pi eces (C.Jﬁ]lcqg%f3< x 1.5 nmm. THe thtfg‘?prepar e%]\t,ﬁq E#
desi gnated PVDC-1 and PVDC-2. As a conparison, a shaped part of PVDC (ca.
100 x 100 x_1.5 nmm) containing no antim crobi al conposi tion was prepared

for us@ in 'Q‘eb?"é)ﬁkpqy%f °°"‘Pﬁ?"$°“§\ﬁ&“aﬁ‘!!‘9 1rsﬁh @déﬁ‘alf‘?sF’?‘@‘éﬁﬂy' Bﬁ e E’ﬁ'"‘(CFWBtP%IE“"ca

50 x )gloq_( 3 and ta@ca lcqgllsd\ypre found
ant i m cr dppPap °f5 °‘f"ﬁés P' mplekdidy agt exhibit
shown in aﬁébm:r lam %vb q ? a ) ast j@E he@%:wfﬁand
Qgt ' VH y .P Xla I?} ‘l['a(;cf |vuty é Tr Pest results clearly show 'thatI I

- 0 V' aI pol*mer present mventlon ha t| actor antimicrobial an / S
per sanp) Svi |on gani sm pol yner onpo-
0 tIZ (hr 10 sition (9% PVDC1
1.5 Example &Escherichia 8.7 X 10[err] 0 0 15
PVDC- 2 — 3 do. 8.9X err] 0

O PVDC-BL This example relates to the preparation of a shaped @6lyvinyl chioride (PV8) coithifihg in anBmrsbiar I |
8. 3x10[ ercoihposition having silver as a microbicidal metal, as well as the evaluation of its antimicrobial activity.
The dried product of the antimicrobial composition containing silver as a microbicidal metal which was
O prepared in Example 1 (Ag = 0.14 mmol per 100 m? of the surface area in anhydrous stats; specific
" 40 surface area, 324 m?/jg as measured by N . adsorption in the BET method) was ground into fine particies
and heated at 200 - 210°C under vacuum {o a water content of 1.5% and below. The dried fine particles
were mixed with PVC and the blend was shaped into PVC sheets by the following procedure. Fifty parts of
a plasticizer (DOP) was added to 100 parts of PVC ("Nippolit SL" of general-purpose grade of Chisso
Corporation; degree of polymerization, 1,000); after-adding a stabilizer and a gelation accelerator in small
45 amounts, the previously prepared fine particulate antimicrobial composition was added in such an amount
that it would assume 2 or 3% of the resulting mixture. The mixtures were then heated at 140 -150°C and
homogenized by kneading on mixing rolls. The homogenized mixtures were shaped intoc sheets of a
. thickness of ca. 1.5mm.
The shaped PVC was cut into small test pieces (ca. 50 x 50 x 1.5 mm) that were respectively
s0 designated PVC-1 and PVC-2. These samples were subjected o an antimicrobial activity test by the spray
method. As a comparison, a PVC sheet containing no antimicrobial composition was prepared for use in a
blank test in accordance with the method of preparing the above-described antimicrobial PVC sheets. This
PVC sheet was cut into small test pieces, designated PVC-BL (ca. 50 x 50 x 1.5 mm). It was also subjected
to an antimicrobial activity test by the spray method. The results are shown in Table @ below.
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PVDC-IZ ‘ 3 Aspergi | 1 us [err] 7.6x10
0 20 ’ ni ger 25 The PVDC
- o P 0 4 B1
pol ymer conpositions containing 1. S'f:% angdggy respectively, of the
antim crobial conposi- tion (PVDC-1 and PVDC-2) had strong antim crobial
activity against Escherichia coli and m&lgeél s were found to be dead after

t he passage of 5 hours. As Ta%E P%%SL bl & test sanple) did
not exhibit any anti m crobi w% q}%t on fungal
Aspergillus niger, PVDC 2 r % tf° "fpo ei x 10 per sanpl e at
5 haurs, &whijch was %Y ngeto death rate of PA%e On t he
ot hér*hand, {30 PV[gﬁm ie t sanple) had ;B a}_:é i vi tly
at all. The |atR¥e tlesinseftids £h ¢arl W t hat thp LIS Bt 58 pol yifer

nti m crijobi al

conposi t i ongSAP ¢ b FLABSA L coBYS | i REFARASR at | {f act ory
S el & es 2 tHhr)

and/ or i cr gbi ci dal| aett¥én y(xFxaypl e 5 35 This |exarl e

pr epar atton of o cldanad Aol v ol r\hl ari dn ( D\If" contal

T X JTUL'J\.;\.A PO yvr Ity T T U T ac— (T VY CroTIC ot 1

antim crobi 4l ‘;@rq)cm ti on, havi ng 8t scacadi rf%’?fedjé‘
d

al, (wel I| as

t he eval uatlon of "ifts antTm crobi §l ctreusy. T roauct of t
antimcrobi gl co CS|t|on containfng silver as m crobi ci dal nmetal whidh
was prepgred B¥WCExgnpl e 18 (Ag = 0{14 nmiR. per 100t {*%¥Q® pf the surfaﬂ:e qr ea
i n anhydroug_state;l specific 40 urface area, 324 ng/ s nmeasured b
[err] adsor ®@YoBl ] the BET net ho;) wasdQr ound Hﬁfﬁ’ﬁ‘ﬁ’e bA%3QY k-
heated at 200 - 2I0 Terr] under vacuum to a water.content of 1.5% and
below. The dried fine particles were m xed with PVC and the bl end was
S hg‘s‘?d izt 0 FRUC-tdRVE-2owhichiventhindd| thaantigicpbislcecipesition i rbspyctipmantainis fof 2% and 3%

i ci zemwe(e3GWPAY ta\baye itletcal dells (¢€)iCcoprir 8) ayfe hes; RVCMiLpthe Isantpletiot the blank test, was
gener al - pumpioat @l gifegtive aginsCfiedesh micugorasnises: Ghe algugyreeults glearlyhgtheq they PY@ polymer
1, 000) ; af tcempogdiensryniainiag éttglant"zlerpbldmmepsget it the, Aresast: isyestion: Sxpibit Femari@ble missp-
anount s, tl‘?é"dﬁ'raé‘tﬂ'%usl y prepared fine particulate antim crobial conposition
was adde in such an amount that it would assume 2 or 3%of the resulti ng
m xt ure. Tﬁéﬂﬂ&i ures were then heat ed at 140 -150 [err] and honbgeni zed by

k £,
7 e S R S oS o e
ilver J' i
Fhe Wt

Zinc a; crobicidal

Cr OIO% niainin IJ azsng P\{ OI}CI Pgl als
b %éﬂiiloglgéfﬂ Ls IfSottid] Betal

(ca. 50 °s' rggﬂut
PVC- 2. e%m.c ar e °rgeaw 55 66 ﬁga %gt

86 b ¥ thy strlSd a 3én
the spray sﬁeé&fa "EAdch 2fel, 318 od%y N, 24dSdrPdn P& BET Metho@Ri=2
conposi ti orgrowme rf.ﬁpaernett BT hetiS@ atl B 280 & ABS¢ vhcRitrh td dwaAsr CORSIRBISW brldlbeloW el‘he
met hod of RH&PfNeipaliclbd & HRDMERICRBIEICdomBSEHioR Wb ikt Glith PP (RM%1 5€1ids8 CorphiatfonIVC
sheet was uth dnHmour Rt the tie@mbr WuRICSSumetissh gNA6% @t MY costiting( MiRtureS theXmifalyex wdre 5
my) . |t washedlshaped iy @kise3n A thidk BNilabdrC molbing Wittt o cylinidyr dndSdie Buflett hg Haldaat
net hod. Theenpestiles of 216 - 22000Nand rca.T2dok 6, @spdetivalyy. and with Ghe screlvRo®tingZad 29 3Sn. Bhe
Tabl e 9 Antresnftingr Ribiilaé weke cutinte smalldest pibops (Pe! 48g P2 elebit heasuringxa 50 men 650 Mo wt3ent

of & um), which were subjected to an antimicrobial pfglivity toét. 4$ alshmpdfieent a PPafikni (B8 emcthipkl|
M cro- <« °°"ta'"'"9 no aniireiprpkial cerapositien-was IPreparapascalrogsty rﬂmqulf@’ ryse jnig blank tﬁﬁtg'ﬁh'ﬁ fim
pol yner gut into small test pieces (ca. 50 mm x 50 mm x 30 um}, designated PP-B§, and subjecled to @R )
10 antlmlcroblal togh '{t]ed'eeultS( m‘@ showgrin{Table 10 below. 2
St aphyl ococcus 3. 9x[err] %1! 0 aureus PVC 2
3 - do. 4. 1x[BI&P 0 0
Antimicrobial Activity Test by the Spray Method (Example 6)
Test sample | Content of antimicrobial Microorganism No. of viable cells per sample
composition in polymer
50 composition (%)
0 12 24 (hr)
PP-1 15 Staphylococcus aureus | 7.3x10° 0 0
PP-2 25 _ do. 7.6x108 0 0
85 PP-BL - do. 7.9x108 5.1x108 3.9x105

When PP-1 and PP-2 films containing the antimicrobial composition of Example 2 respective amounts
of 1.5% and 2.5% were used, the cell count of Staphylococcus aureus was zero at 12 hours, indicating the
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When HDPE-1 and HDPE-2 monofilaments containing the antimicrobial composition of Example 2 in
respective amount of 1.5% and 3% were used, the cell count of bacterial Escherichia coli was zero at 6
hours, indicating the strong bactericidal activity of these samples. On the other hand, HDPE-BL as the blank
test sample containing no antimicrobial composition was not at all effective against Escherichia coli. When
HDPE-2 monofilaments containing said antimicrobial composition in an amount of 3% was used, the cell
count of fungal Aspergillus niger was 5.4 x 10 cells per mi at 8 hours, which was equivalent to a death rate
of 99.9%. When 24 hours passed, all cells were found dead. On the other hand, HDPE-BL monofilaments
as the blank test sample were not at all effective against Aspergillus niger. These results clearly show that
the HDPE monofilaments containing the antimicrobial composition of the present invention exhibit strong
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product of the antimcrobial conposition containing silver and zinc as

m crobi cidal netals which was pr epaéigg 44395‘3’( tirpl e 2 (0.11 mmol Ag and 0. 04
mrol Zn per 100 [err] of the surfacé€ area I'n anhydrous state; specific
surface area, 319 [err] by N2 adsorption in the BET nethod) was ground with
a jet mll phi@obididaeadién.ti cl es having an average size of 15 [err] These
particles were heated at ca. 210 * C under vacuumto 15 a water content of
1. 5% and bexaniple §he dried fine particles of the antim crobial conposition
were m xed wth HDPE in such an anount that the former would assune 1.5% or
3% of - t he r esThis exagplerreiatagitethe preparaioy ofrashamed paithof R (Relystyeene)wontainingremantihigrobid

i nt o~HFDPE reomessitibm having silvet supported tas @i rejerottididel mplal aavwell asdrmersiugtiop af Rpyantimicrobial
extrusi on ®eivil-ng under the followi ng conditions: tenperature, 225 [err]
pressure, ca. T"f pPdyct ?fé‘!ﬂ %!@ﬁt?@b'ﬁ*l Gempositign 90"?:2“’131%‘{9{ #a micropisid sl W“'&“ ‘5’3
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Table 11 b%EQ)ébn Iad& i«ﬁ ig' d"thick Es'r?{rh the ﬁ%ed%n%?&é‘%& E m ltest

Met hod ( EX3fgRésLpgH), mdhsuring ca. 50 mm x 50 mm x 18°M cdMparison, small test piecss, PS-BL {ca. 50
No. of Virakkeo k@ek 1.5 mm), ARG Ad SHaimftobial composmon were pMp&'éd)by the same procedure of
cells per momigidraissinblafk tostCTHIRES tebilitd Bre shdwn in TébleORRIBeIBW) POl ymer  conpo-

0

, 20 6 24 (hr) 36 sition (% HDPE-1
1.5 Escherichia [err] 0 0 coli 40
HDPE- 2 3 do. 7.8x104 0
0 HDPE- BL - do. 7.3x104 7.0x104
6. 8x104 HDPE- 2 3 Aspergil | us [err] 5.4x10
0 45 % ni ger HDPE- BL -
do. 3.4x104 [err] 2.6x104 50 When HDPE-1 and HDPE- 2

nonofi | aments containing the antim crobial conposition of Exanple 2 in
respective anount of 1.5% and 3% were used, the cell count of bacteri al
Escherngia coli was zero at 6 hours, indicating the strong bactericidal
activity of these sanples. On the other hand, HDPE-BL as the bl ank test
sanpl e containing no antim crobial conposition was not at all effective
agai nst Escherichia coli. Wien HDPE-2 nonofil aments containi ng said

antim crobial conposition in an amount of 3% was used, the cell 55 count
of fungalk Aspergillus niger was 5.4 x 10 cells per ml at 6 hours, which was
equi valent to a death rate of 99.9% Wen 24 hours passed, all cells were
found dead. On the other hand, HDPE-BL nonofil aments as the bl ank test
sanple were not at all effective against Aspergillus niger. These results
clearly show that the HDPE nonofil aments containing the antim crobial
coﬁpdSithon of the present invention exhibit strong 18 EP 0 444 939 Bl
m crobi ci dal action. Exanple 8 5 This exanple relates to the
preparation of a shaped part of PS (polystyrene) containing an

antim crobial conposition having silver supported as a m crobicidal netal,
as melllgs the evaluation of its antim crobial
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In this comparative example, a shaped PS part (1.5 mm thick) containing 1.0% NaAgZ (the formula for

antimicrobial zeolite, in which Ag

20

= 3.95% on a dry basis, and Z represents the matrix of zeolite A was



content of 0.039% PS-2 contained silver in a slightly |arger anount than
PS-1 and yet, fromthe vi ewpoi nt of E.Wb.éy lal efficacy, PS-1 was
superior to PS-2. This difference iEnﬁgntl m c'?ﬁbi al effect would have
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dr); basi s (see Table 13 below). -5 Table 13 Antim crobial Conposition for

Use I n Aqueous Systens (Exanple 9)EP]194¥P§ é/1ol une Specific
surface SiI'ver (err) area
(err) (rmol /100 ) 0.73 328
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X [erf]s Model 2: COD = 91 ny/l; E. coli count = 4.6 x 105/ m (COD:
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" , Table 14
Water Passage Test
Effluent (£) | Silver in effluent (ppb parts per 10%)

"5 10 5

30 6

70 5

100 4

50 200 7

300 6

500 6

As Table 14 shows, satisfactory results were obtained since the content of silver in all samples of the
s5 eoffluent was very low within the range of 4 - 7 ppb. Throughout the passage of water, the composition
experienced no breakage, deformation, wear and other deterioration, |nd|cat|ng the good water resistance of

the composition.



EP 0 444 939 Bl After passing 500 1 of water through the columm, the spent
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2. An antircgobial composition according to claiml whi.ch has a pore. ..
vorume-of MG S Tl b cp B Zibaushae Wb ot S
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composition in an anhydrous state.
§0
11. An anfimicrobial composition according to Claim 8 wherein zinc is present in a total amount of at least
0.08 mmol per 100 m? of the surface area of the composition in an anhydrous state.
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1. Antimikrobielle Zusammensetzung mit einem antimikrobiellen Uberzug aus einem Alumosilikat auf der
Oberiftéiche von Silikagel, wobei das Alumosilikat Metallionen mit mikrobizider Wirkung enthiit.
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1. Antimkrobielle Zusamensetzung mt einem antim krobiellen Cberzug aus
ei nem Al unosi | i kat auf der Cberfl Ache von Silikagel, wobei das Al unosilikat
Metal |ionen mit mikrobizider WrkFiP 8$AR! 237  EP 0 444 939 Bl After
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composition in an anhydrous state.

50 .
11. An antimicrobial composition according to Claim 8 wherein zinc is present in a total amount of at least
0.08 mmol per 100 m? of the surface area of the composition jn an anhydrous state.
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1. Antimikrobielle Zusammensetzung mit einem antimikrobiellen Uberzug aus einem Alumosilikat auf der
Oberflache von Silikagel, wobei das Alumosilikat Metallionen mit mikrobizider Wirkung enthalt.
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11. An antim crobial conpositi on accordi ng to Aaim8 wherein zinc is
present in a total anount of at %3(?1“0 per 100 [err] of the
surface area of the conposition |n an an rous state. Patentansprlche 55
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2. Composition antimicrobienne selon la revendication 1, ayant un volume de pore d'au moins 0,3 cmé/g
et une surface spécifique d'au moins 100 m?qg.
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3. Composition antimicrobienne selon la revendication 2, dans laquelle les ions métalliques ayant une
action microbicide sont présents en une quantité totale d'au moins 0,003 mmol par 100 m? de surface :
de ladite composition & |'état anhydre. S

s5 4. Composition antimicrobienne selon I'une quelconque des revendications précédentes, dans laquelle les

ions métalliques ayant une action microbicide sont ceux d'un métal choisi dans le groupe constitué
d'argent, de zinc, de cuivre, de mercure, d'étain, de plomb, de bismuth, de cadmium et de chrome.
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