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Description 5The present invention relates to silver/zinc oxide based
conposi t e 20hwizessaanuf act uri ng process, antim crobi al rerprPan©@SHcBONPr i Si Ng
t hese conposites and the use of such nmenbranes in water purification
systens which nmay be exposed to mcrobial contam nation. It is known that
silver-based antimcrobials [imt the growh of mcrobes by nmultiple
effects. 10Unlike antibiotics, silver is toxic to nmultiple conponents of
bact eri cell netabp]ism These include danage to the bacterial cell wall
and nmenbPARENFEPIEMIIE 9P NOSHER t o gross cel lular structural changes,

bl ockage of transport and enzynme systens such as the respiratory

cyt ochr g@esriptiaht erati on of proteins and bi nding of m crobi al

deoxyri bonucl eic acid and ribonucleic acid to prevent transcription and

divisio Typically, the toxicity of silyer jons for 15mamual, cells are
et ] oV PESsEaRuiion Feletst 45 Shvetegs pos batedCorepasies. 16T HPRYECURhs: Thi s
rrakle_s Sip!’dé@és,_bainﬁﬂﬁlcy?tﬁéltrﬁétﬁt%rbﬁfs ESmprdihgs _tﬁﬁ@i édrﬁp%ﬁit@@hﬁl@}r@s_ @?@falhé% for
application w wat er contact even drinking water applications where no
D1 | ceghebn YA pURBTA G vl e fiien o He SFesgd T Mt cOnBanta S on.
Typically strong effects are observed in concentrations of 40-160 ppm Ag.
20 It is kpown that polynmers _and plastics, e.q. en used as.coafings on
Subst r altds KU GL it B 30 AT g AT 9 BEIIPLER oY GURiRIB P posed
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al gae can settle o surfaces t hese substrates and increase the spee
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sur f aces. e rapi ro . bacteria results i oyl i ng of the menbrane
whi ch r&ﬁ‘&‘é@em@ﬁeﬁ”ﬂ’%\ﬁ”\g’lﬁf pWi?'%? ap,PigeligH Wécr%?ﬂ#amér' HHgé'aﬁCQcﬂP@rsel y

af fect tibenddidié &did RgprRUeRaIhE&Htioh ahdilﬁivrﬁﬂﬂﬁbfrﬁm&al?/ﬁﬁleaoﬂ@@ldftsil\%fr idnagder i al
grow h on the nbrane, a elatinogf biofilmis orngd on the ugstrean1side
of MRnbfERMRleEls pE %W%g'f?%l%ﬂr? WPPRERCAR O B1I9- PRFIBUR I 95 YRRSE of

aggr essiTvR redl@RINVGG-highly Stre@iveCRMOhAPesiAc PRBIAE @BFedidllygdr dppliégionatith as i ncur
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descr i b&1ELFO3REY §YSO1EPKIRE WalAT 3R PIHORT WGP A OERIDF NS 25¢ PYRN S ShYeL iR Sand
the prepahatramye dfippreednchitratidanTiadallg srbmrefatecireiopaéived irodonasitrdliaas ef i al
nano-parhigles | i ke titanium di oxi de, zinc oxide, silver powder or powdered
copper e Oﬂp reaction chanber and preparation of a casting nenbrane
sol gpi on conprising cellulose acetate and the 5 chemcally nodified
antibacﬁerbﬁl n%no- articlﬁs. Furt hernore, in Water Research, 2008%,
42(18) , 'USEOWBEHIT PATEi A RIASHES: et &f1e01USeH AS £OFIRIS ON PHRYr AR I8N $¥Sfer and
zi nc oxirde Baeteriahbedlgdlidetaf ie dutingly argbsadas aaten] dariess br mbrstuile SBIbile bf
Thus, a need for qgranes Wﬁth Io%g-ter anhinicrgbial ctivities exists.
10 It h&%mHB\Wt'QBPEE? SR FgefheRn FRlYe 9P Kemyderesoidress WhEKR'SP afdno- scal e
si |l ver intrédselioe sEddet debdy and/sheosd dfleffiraby.gh surface provides inproved
antéaicrobial properties. It is therefore an object of the present

i nvéntion to provide a conposite conprising, 15preferably consisting of,

(a) 10. BaB@ri9 conthyeiri BblinfRibnelaeeateadccomlresd HyABE ndmtbrifds #hd 1- 89. 9 % by

wei ght of zinc oxide n0), .whereby the sumof (a). .and (b kes 90% or

mor o by SoRtEGHEn BrocermU Bl b e SUEReP e R SmetEp Ui e TR va R B

pri mar ?/trrbahéﬂnbfeﬁlegﬂ/m& @HgdelQrtBQﬂg\mmf wagirﬂfromgﬁgethéimmh@la?]@aén ad\wréemalr y
particle_size 0.1 to be 5 and/ or the conposite has a particle size
20distr?Hﬁ?ﬁ%ﬁﬁgwnePTK@H*%&?Q%HP%%BEmEET surface area of 10-100 n2/g. In a
pregerred enbodi nent of the invention the elenmental silver of the conposite
has a pri mar ticle size of 10-100 nm preferably 30-80 n 5Preferably
the o1 hes bl FoarfaSL B e e aaBr 5 s Do RdbTeethn B21 ¢ o bel ow
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a preferred enbodi nent_of the invention the e osite has a partjcle size
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3 Preferably the conposite according to the invention conprises (a)
20.1-99.9 % by weight of elenental silver and (b) 79.9-0.1 % by wei ght of
zi nc oxi deo wore3saef erred (a) 20.1-40.0% by wei ght of ekemensdlos®bd ver and
(b) 79.9-60.0 % by weight of zinc oxide, whereby the sumof (a) and (b)
makes 90% or nore by weight of the conposite. 5 Preferably the sumof (a)
and (b) nmakes 95% or nore, nore preferably 100% by wei ght of the conposite.
According to the present invention the nethod to be used to determ ne the
primary particle lOSI ze is SEM (Scanning El ectron M crosco By using a
B, NG 195 1 SEesop R RPapIeG ALiel es Sea sy Tepeu GBS DpY Bt el

i nfor mbréwérébﬁwﬁerEMyﬁih@m alrfzemsddifidatib® bf sHtibactend@InafslparRlliRe area (nm
scal e) E@iSI ble. Furtherpore, the particle size distribution accaording

to the P dioxiAGeAitG @iride. SYRE RRWPRLRPWISERSkCopP Il Bhlestha reectinughamber

di ff r ackh@prapandieh @B RhstiRtrhédbranb 8bByn EdBpiind@IMIos HESBteQdndithé or mat i on
used to calcul ate the 15particle size is_the map of scattering jntensity

verstis &hgniesly ’T‘ﬁ%'f'%%'&tlbF’P*@”@'Méld@”é‘PﬂeéaFP"sth%@Q%r'reWathrﬁ?@eﬂ" r638%: and t he

BET et hgas asoN dis0g, 4rimlicrebidldteridith RATRPAAAEsEIE SiVEt At ifc bXige Farvent i on
can pref era be. obt ai ned by t her nal deconposition of suitable silver/zinc
precur s8f Q’f(ﬁif%gﬁﬁﬂ@ angpigrogiEE sAIoh g, desRPSdonmposi t e 20according to the
invention is obtained by thernal deconposition of suitable silver/zinc
precursqQr conpounds as described in the follown A further object of
t he pr eg_QHﬁ n&?@rf?”ﬁﬁmpganleé F‘E‘?ﬂgdt@r’ﬁaﬁjé’f‘ﬁfﬁ)i'ﬁpg‘@%se)x%er ein silver-and
Zi ngg car bonates are co-preci p| tated in one step fromthe correspondi ng

m xtures of silver/zi nc 25 ts sol utlo s followed by a thernal
deconpoit.haﬁaﬁwowrfrﬁe% %‘ig‘@éé CPPPRRL © ?f?é“%é‘?”%‘é%ﬂ%ﬁ"feé'Wr%éc%%t ai ned
by a premessideawiprd ﬁgrmgur&ame FbRHSs igfordvelinkimi@otiallprésarties. xt ure of at | east
one silver-salt (Ag-salt) with a second m xture of at |east one zinc-salt
(Zn-salt) thereby formng a third m xture of silver- and zinc-salts,

30( i 1) agdé thgrdfbre dnhdbjett BF thic résehOindertionttt bRovitfe Acsradnbabepagng.ce, (iii)

[ecipita of the ilve zi nc onates .for in step (ii),
(i v§) Fﬁ‘?f@ﬁ"léifcg’f‘ﬁé“%‘?fv )10{1%9§ h@yg\/gmgﬁéqtfgrgegtﬁ "C’@')&t%g@%m
‘2’8({2}"8‘2’?)&"4E%%E%%%T”é'g"”‘”’”m’ez‘m@’ et hod of ih
e nmethod of t |nvent|on an ,
si | ver - YAEEbKA 3 2%“@185|910e/ﬁ°ﬁ TRORERY Wright; ﬂl@eCOé“LﬁqS&ea%VVBer% xed
W th a zigélesahtal émyr m A p@dary PastickadEe 8P10-26Bnrh @hdidh theZdimtsoxidd hé?s a
Preferred silver-salts rou con5|st|n,

el ected from
si | ver - RIMABL RAMAS pige P géé? EF'@‘,’V B Morstb? e BOS' i3y RatIe ‘LZ%
si | y@r - artrivanes ot §.0150t en asd/bve BEM sugatslgreaDf H9A00 Indfef. at e, silver- behenate,
silver-bromate, silver-carbonate, silver-citrate, silver-cyanide, silver-
cycl ohexanebutyrate, silver diethyldithiocarbamate,
si | ver - hex @fdfet%@@rﬁbédmeﬁﬁcﬁ,théinbé!rﬂfoh&%@éllehlﬁhfaﬁﬁi%abﬁhe composite has a
si |l ver - hexaf | uor hos P (593 silver- é 3 nfluorid, silvernethansul fonate,
silver- Hf“ﬂ“ﬁ‘fyt%a P‘&%P i)l 0% ney Rieferall -"Bhosphat e,

sil ver-potassi um cyanl de, 10$I | ver - post assi um j odi de, silver-salicylate,

sil yer - tear | ver-sulfite, sjlver- tetrafl yor ,

o1 557 - Biaeplyine 2no SFpal s ofinelieba  siites Pa 906 oFd fiobriouclire,

si | vert pidréraply @reidsubl prahtore pidfaraplySubbamat 2 usi | ver -form at e,
silver-oxalate, silver-nitrite and m xtures thereof. In a nore preferred
enbodi nent the silver-salts are selected fromthe group consisting of
silver-méa bfﬁf@rreoﬁému@fmeﬁtaifaﬁeeinveritioneﬂie Sdthpa¥ite has lal paetictecsite aikRibusiar afel--
15met haggsul fo a%g ver-fluoride and m xtures thereof. In an especially
pref er r 84 MAWPEAPRBN -84 PPer - nitrate is used. Preferred zinc-salts are
selggted fromthe group consisting of zinc-nitrate, zinc-acetate,

e oy SheBET Sirfte Fisty AU cmessto 6l hadreshal mygtion 4 piersly 20l Hiisenat o

Zi nc- ungeey besabbly 3514%mbgomat e, zi nc-carbonate, zinc- citrate,

zi nc-cyani de, zinc-diethyldithiocarbamate , zinc-hexafl uoroanti nonate,

zi nchexaf | uor oasenat e, zi nc-haxafl uorophosphate, zinc-hexafluorosilicate,
zi nc- net hansul fonate, zinc-nitrite, zinc-perchlorate, zinc-phosphate,

zi nc- post assi um cyani de, zinc-salicylate, zincstearate, zinc-sulfite,
zinc-tetrafl uoroborate, zinc-thiocyanate, zinc-p-toluenesulfonate, zinc-



25benzol sul finate, zinc-trifluoroacetate, zinc-trifluoronethansul fonate,
zinc-sul famate, zinc- formate, zink-nitrite, zinc-oxalate and m xtures

t her eof . wo 2awmBs4pr ef erred enbodi ment the zinc-salts ace/rpedeotedo from
the group consisting of zinc-nitrate, zinc-acetate, zinc-sulfate,
zinc-citrate, zinc-nethanesul fonate, zignc-chloride, zinc-brom de,
zinc-iodide and m xtures thereof. In an especially preferred enbodi nent
zinc-nitrate is used. 30 As solvent for the m xtures of the silver- and
zinc-salts of step iéﬂan sol vent can bhe used which_js ed to dissolve
the cor FEIPERY th% C%’g‘P e ?}éaﬂréi“”?l tRdhesiqygrdion SpRIPEF§SI@) 0! \Pé’r‘rt & byrweig et ed

fr ?m t heleaieotd sﬂi\wﬁﬁgé‘(b){@ BD. 124 WG QSR Of MRE bSide, ah@f&ﬁ@bﬁerre@qbgzmmto@t%er s,
esters, ani c_ car bonat es ionic |i nd m xtures

t her eof bY ﬁ‘%@%%ﬂ?'ye?tﬁﬁs'% ??5[1(%?[ 8%@%@#@@@ ’fﬂféé‘fgm?eswg%rﬁﬁ}’ HGS$Wh with
sur f ace ofgs) LHE (15 WKEBIIeSor thredyPIaIRITT e @iedigrent water is used as
solvent. The m xing of the silver- and zinc-salts can be carried out by
separately dissolving the 5respective silver- and zinc-salts and subsequent
M Xi Ng @kefbRBlyth buhes (4)hage) makdsers9abi Mele) nidie praferablg 180%, tsli waightdfng of

t he respective sllver- and zinc-salts can be carried out sinultaneously.
The te CAMRASor di ssol ving the respective silver- and zinc-salts is
preferably from5 to 100 C, nore preferably from25 to 80 C. The nol ar
ratio of the silver-and zinc-salts is generall hosen to fit wth

desi r ed ACERPBYIP fGrPrEset HveR %u”teéhoqgto ﬁ%o gm@@%‘% VGRIBHY p@ft'c}

el engnt gizesd Srzmr(samnﬁb EbB@orQ%dBNscwe)g Bt ugihgZadambidismethbe bf X @seegdi ng

to about . 1 -92 | ar rts of n about 1 0.1 nol ar rts of
L e h Disher s Rp e s copit adoiabSinfoamainahsul hegtemtalgnai B 4@ of
silver emapdsdbmBR drea (fin BBAIGYis pagsttae q#urmbﬂﬁorbnthbtpﬁrtmze gisfributrxt ure. The

concentrati f the silver- and zinc lts is in ently. m each
S hor " pPEfas AR S e, presast IRiongs TEEaEY Gy SSsh TR T sy Piggelon
15si | verlezsentst ﬁh@trroat waerewmeablneary@am@eat mfcﬁmur@reosddrtoszb@pla(d thy ar e

preferably selected fro rou n5|st|n f carbo cid, anmon
D BonabeticoBAn 1 U Chr BURHIE MG AL R s b BRGPRECTS T BR 2sRbbnat o
li t hi uREBRdakRg rithwyed GIhdasPBATINMGhsY décoghing Lasograyes and mi xtures
t hereof ; 20preferably potassium carbonate is used. The solvents for the
m xture of the carbonate source are preferably selected fromthe group

consi st TAg coﬁmpagté@mad&@ to ey Bveritlop@anlpsefetelydteshtaifédBy thergit ers, organic
car bonat es, %anl am nes, iqnic |I%UIdS and ntmtures %ﬁf ﬁ?; ferably
in combPRETRASTIRNH SUtAbeRIlvergac pregursey gRPRGWIEE: Morg Riefsrabive e‘EP“g‘?ﬂﬁB%ll ment
wat 20 | Sceti€iflg &5theahwenbn is Obtaiaestby ih@ﬂn@fdebaapmﬁdwf%uméblé ilvegkincand
zinc-salts to the mxture of a Carbonate source can be carried out by

pl aci ng PIEFHSOr LIPS 25 desrisdat Ded8lR%i nto a flask and adding the
silver-and zinc-salts thereto or by pIaC|ng the m xture of the silver- and
zinc-salts jint nd, 30add ure onat e, sour

t her et oAfF'>F”é ré’?’é?&t&} tﬁﬁgr%ﬁi& 'UY%““B’P 'Ss‘iol RF%‘f'de aﬁzft%%@roqsa@[@hqr@néatfé@n

dr opwi segint@atdoRatdsXtrélt6 Qi‘mpﬁtatéﬂﬁrb@ﬁ@%l@p&@ﬁf 0e. corrbﬁ\@ondlng mixtures of silver/zinc
201%%?235 4(@?{EP? 10/ 1900 6 | referrgﬂwi t t he addition of

t he?mi xSaFeSW4Iogs | 'QY"-e Hg Demel %‘FOt OLSB'OP G Org‘eéjar bonat e source
(step ii) is carrled out at tenperatures fronth to 90C nore preferably
from 20 ho 70 es iall Eeferred at erat re of 50C. 5The

i sol ati & eSPV? ﬁ8m8 'BEY E?’B taé{tegd’yc?al?r%‘??étcé’ ARINGt 'é%s EPEP) is usually

ef f ect ed) by nfixihg & aitst @iixtueeadTtat icbsgsicl diler-shqAGsal) With a Sé@ntiefikiure of at

co-precipjtati.on' cont ext .preferabl means the sjnul taneous
or ec! i 2281 97 18| (arsB I Har Ry Tt BATA B S PRRAer AR EREElS)  1m a
pregerr ey eabding RMthir@mittire tb BVEIRtUrOSF 4 bgbymadisogeef the silver- and

zi nc-carbonates in V) is carri ut, W th solvents which do not

Gt Seor vl nebatesielie i e Sivek At recar Al iafaed et Bl m "ot

di ssol viing" mﬁa@hlhdjlbSth@QWe&ﬁénd)ilﬁé-e{émbha‘teﬁﬁﬁtmE di ssol ut ihon of Ithe Si Ihver]: aﬂd
zi nc-car tes ess an t se on the total weight of the
filter & keﬁlf’ym ({ﬁ‘ﬁf’ ?%?JE‘ °|\1e¥ %‘dlpz?réct"éetr %Qf‘:éshbodl ment of the inventon
the silver- and zinc- carbonates are washed with an aqueous sol vent,
preferably water. The term "washing” in this 15context preferably neans that
| ess than 10 ppm wat ersol uble salts based on the filtrate different from
silver- and zinc-carbonates are present in the filtercake after the washing
step with water. In a nore preferred enbodi nent the silver- and

zi nc-carbonat es are subsequently washed 20with a non aqueous sol vent.

Preferred solvents are selected fromthe group consisting of nethanol,
ethanol i sopropanol e, acetone, tetrahydrofurane, dioxane and m xtures
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In a preferred enbodi ment of the invention step (v) is carried out under

i nert atnosphere, 25preferably at tenperatures from 100 to 600 C. In a nore
pr ef err edwertbndizpasat step (v) is carried out at tenperarurae2000m09850 t o
600 C. The term "thermal deconposition” in this context preferably neans
the chem cal reaction in which the silyer- and zinc-carbonates break up
into elenental silver and zinc oxide by heating. 30ln the follow ng a
preferred enbodi nent of the method for producing a conposite of the

i nventi n |s descrjbed in nore detail without limting, the invention

t heret 0" ”&eth ghthe inygnionsI tIVersadrknawn It%a%r%?ﬁék@gﬂ’ (e g4t be suitgdi e
with a Wﬂ)élhﬂ)@a with @Eint-8aISaQBe usbACFheSdtinto aplibefor@iciand-bats, esul ting
solution of silver- and zinc-salts is added to a solution of potassium
carbonate in water at 50 C and the resulting silver- and zinc-carbonates
are co- proféirad il ek EaiIcERA bR ﬂ@b@&ﬁ) Jonﬁrsﬁn‘g @I' §|I&érﬂﬂtr£l)é §|Ivbﬁ-é(§ﬁtét@n and

washi ng ?f th? carbonate m.xture é E the test stri
i ndi %at &iegsuliqipivarcitngif Yverme éf‘%sq'fﬁ”?tﬁ "P’ - Lé’r"'éﬁk%')’er"%t? CoRRE ‘by
et hanol b@lﬁléhafté Isiivertdréfate, snvbnc@rbtmmtefw/erséneﬂeténeeff@ram@ silveper -,

zinc-carb xture nhlchﬁggygera con alns 550Ivent et hanol ,

preferaﬁYcﬁ r"‘@e Y3igopilver die PCd tq ReYr-NSXHYOMARHmOnRe, giver-

temerahskﬁmohﬁ%wa s%&-maﬂ@raﬂsﬁdsbh@tasglvb@ﬁﬁdrb@ermgnsd 3MNer- Thfe progess i's
referre

controlle 10ln a

enbodi mIKt dhaé%e Sﬁ\éerd‘l‘t” é‘ﬁ’ieh{?%%{‘ﬂ?rcf agﬁ"%fe‘fhoﬁe%at? IR RAS S GEAN e
prodoici bih@,r-per@téesunnqé@da@QJ.Werwao@l}mgds.|v@ryst@erafeoemssa|ﬁtedsua@k osed by the
present inyent antlnlcroglal pr.o %{es of

conposi {&JFoP %ra %\?E\fﬁ%ﬂﬂgfﬁﬁéteu%' ebP tugnssHidaie Séllé dF‘ FPeinte: t?j"‘ffr esent

i nventi nnluamwhaa:rstnf@namé,%hv@su&@aaﬁe bifveRfdrtlaid) eflvarjxakte, efivel-aithte dnavent i on.
The co site of t i nventi on enbedded in a nbr ane rOV|ﬂggﬁb nbr ane

sur f ace Pr@ﬁ t|e§e? QM PrETIRd dé{Pe%heoﬁrE%ﬁ'%r?r% gledls € and
provi de gmmrp@oaasmdg/ofrsﬂvmxfa&dt@ diloer-#vatate asmeér%ulfatbgsu%emate gifvepf

bi of rmat i rane materjals use rati on or water
o obiseriae et Toge 21 el s Wity n g Seeedaiarared Cool i ng
wat er, @mbbaﬁkmngbham@qu@bedy is one of the enbodinents of this
invention. It is therefore a further object of the present invention to
provide an antim crobial menbrane system or nenbrane conprising a

cConposi Peef@ffred ﬂﬁcﬁémﬁﬁtseleﬁté@ﬁfdnﬁ)fhe@du@cmiﬁﬂhgﬂﬁl%ﬁﬁ’e&-f ink-acotagd, enabl y an
organi € es| ges t osjte ac I N to the pres |nvent|on
R s SR = A e R B o A

mat 20 i akigorite Fidt-1dofate Ofitd-betdnate, Wnbhuna@@l&@rmqmbttﬁomﬁupﬂnérambh@tbsmé-e
known to@gggerson skilled in the a |nc ude further

30ant i n FRCSYAYAT T ?jﬁ‘i‘?%"g'th'wré%%trebéfré f}%a YOrAIMANAls: Fingers, net al

desact i ﬁ@iaffrusroapbﬁmemmcﬁﬁa@ngbrpbmh@u@l tua@hemﬂdbwsyb@t@] FIRS metidns 0N Site,
thlosynerglsts er oxi scaven asi c _co- st abi ers, nucleati.n

agent s MiEfes 2 ﬁ@e@ﬁmtmiﬂ%a %@Bﬂﬂesz'”%!?ﬂ%?%‘r”ar%ﬂ@ e T8y AGof M Fones.

VO 2011@%3&8%&@%%@1 @G&ﬂﬂﬁot&)rﬁ@[ tuhe-thu@dytah@tmﬁﬁ@p%lﬁemwfomé Wik for
rihal o such as cl.osan or

i nsganc r eno- h (0)% t her

e 65 os B2 dingld e BRI B e ORI pRs Wandis: AngSHRTGHE, anc-

bistri blﬂirbﬁléte K-t Rite, Zirfe=ckaitd @rndauntumsttyé:eéﬁ I @ hvr@ prifériedermi®liment the

N buty I-benzlsothl g(%p 10. 10' - 50 bi§%hen@x ar si ne,

zi nc- 2- pRCISAIH 2 ieckieadie FoHR cAR 96’- INEY W%%FWCSW%&'%? -fats:

di nmet Eyizmﬁ@mdt@,rnrmﬁhemahéswamme ,Zinc- chlondgz zmi: -bromide, zinc-iodide and mixtures

2-met hyl t hi o-4-cycl o 0-6-tert-butyl am no-striazine,

5 ot oy FEHR S 1 2y AR e o0 2o e eRGT SR dskno) s tr i azi ne.

2,43@' -trichl oro2 -hydroxydlphenyl et her, 1PBC, carbendazi m or

thlaben azo urt.her u addltlves be | ect ed fro t he

mt or1 aPe PVEIE BRSO d S SN R Sa DhStoml FosTic Ga be USed
which is suited to dissolve the corresponding silver- and zinc-salts. Preferred solvents are
selected from the group consisting of aqueous solvents, alcohols, ketones, ethers, esters,

organic carbonates, organic amines, ionic liquids and mixtures thereof, preferably in



1.1. Al kyl ated nonophenols, for exanple 2,6-di-tert-butyl-4-nethyl phenol,
1.2. Al kyl thionethyl phenols, for exanple 2 ,4-d ioctylth

i oret hy 1-wetertio2bastyl phenol , 151.3. Hydroqui nones and alpkyireb@d/ 061900
hydr oqui nones, for exanple 2 6-di -tert-butyl - 4- net hoxy- phenol,
2,5-di-tert- butylhydroquinone, 1.4. Togopherols, for exanple a-tocopherol,
1.5. Hydroxyl ated thi odi phenyl ethers, for exanple

2,2 -thiobis(6-tert- butyI 4- et hyl phenol ), 1.6. Alkylidenebisphenols, for

le 2,2 h | - phenol 201.7. O0-, N
gi(ggﬁzg por@@mﬂfﬁ.‘wgh SLIII'%CI %%g\(ﬁtﬁe f tstalnlég In a pre err%d emebré)(c)j r21ent W%ter is usoed as and
3,5,3 ,8owémtra-tert-butyl -4, 4" -di hydroxydi - benzyl ether, 1.8.

Hydroxybenzyl ated nal onates, for exanple
di oct adecyl- 2, 2-bi s(3, 5-di-tert-butyl-2-hydroxybenzyl ) mal onate, . 9.
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for exa I dlne ¥ 5-di-tert- but -h dr ox }4ben2{z§@| 'Egonate 301.12.
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p?lsyd)gygnoq ?g?lgpwe'@ht oM RAA! QQ@W@@OW ?96102&0 Jthaéoftdast ershozI 13
- , 9-adl CyCl ohexv roxv env ropi oni ¢ acj ric
o ool GorraspoBangLy g I B8 BOG A S Son, fork pon @Ry pageelandy ¢
Wit h o educt §6l ryil‘xmé ls‘spatugnmmt 1@1317nola4\_rp3a€l§$>f 8ifver d@about 98 to 74 molar

-(35d|-ter - buty hen ro | C id.e.g. . :
N N b BpsS 6t A ndhe cagst SHETRRUET o BRRBHENGR e SiFe P and Aeerplisisedi an de.
1.18. Asmj@b@mabnay frdm(ééch@ltﬂd’ﬂ pfeferablyk9 theAdhieé 6f @S mmbﬂardmsg onl Bie fieganpl e

N, N -di-jso ropg henylenedlanlne 2. WV absorbers and |ight
stabf| i skyegzinc @eia %-(2'-1-1vdroxvphenvl ) benzotriazol es, for exanple
2-(2' - hydroxy-5' nethylphenyl) benzo- triazole, 2.2.

2-1- Ivdrox enzophenones X3 | e the 4-hydr rivatives,

oo o SR Ba D OE 300t (e iy AR ale Shin s dod FPERe BEPEPRNSIE of
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o Chal cerhane dun G araonapi, i GrEsaoiding Nereen e TR R AT Y S BRB, 2. 6.
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bis(2,2,6,6-tetranet hyl-4-piperidyl)sebacate. 2.7. Oxam des, for exanple

4,4' -di octyl oxyoxanilide, 202.8. 2-(2-Hvdroxvphenvl)-1,3,5-triazines, for

exanpl e TBe 4olests Zordhél itina\dr ﬂhﬂfb&‘ﬂ)dn‘a&( Qourte'glrrequfeﬂaugcéeré@wnm fiyd group
[or-4- dodeg¥lltr|de on hen triazine, 3. Metal deactivators,
for exaﬁﬁn% Ng,qf agy f(/g oIs kefones ethers, esters, organic carbonates,

organic amines, ionic I|qU|ds and mixtures thereof, preferably in combination with surface

25  active substances. In a preferred embodiment water is used as solvent.

The addition of the mixture of silver- and zinc-salts to the mixture of a carbonate source can

be carried out by placing the mixture of a carbonate source into a flask and adding the silver-

and zinc-salts thereto or by placing the mixture of the silver- and zinc-salts into a flask and
30 adding the mixture of a carbonate source thereto. Preferably the mixture of silver- and zinc-

salts is added dropwise to the mixture of a carbonate source.



4. Phosphites and phosphonites, for exanple triphenyl phosphite. 5.
Hvdr oxvl am nes, for exanple N, N-di benzyl hydroxyl am ne. 256. Nitrones, for

exanpl e, Wehkenzbssal pha- phenyl ni trone. 7. Thi osvner grstEP0m006198x anpl e
di lauryl thiodipropionate. 8. Peroxide scavengers, for exanple esters of 13
-t hi odi propi oni ¢ aci d. 9. Basic cogstabilizers, for exanple nel am ne,

pol yam des, polyurethanes, alkali netal salts and al kaline earth netal
salts of higher fatty acids, for exanple calciumstearate, zinc 30stearate.
10. Nucl eatin for exagp e jhorgani c substances, such as tal cum
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wood fl Btﬁfe o d¥c fPﬁlﬁC? 6Pr tr?atﬁmps'fatlﬂ?& BetSs, synt heti c
flbers WO 2011/023584PCT/EP2010/061900 10 12. O her additives, for
exa | ast i CIS rs, |lubricant mul sifiers nments. rheol gy ..
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Benzofuran nes and |ngﬂﬂln n s, for exanpl e those |s | osed |n uU. S

4, 325, sé@u%vﬁ%’s hfegpiiation #f silyes ang zing=Ccaghonates farmed b sfeml> U s, 5. 252, 643:
DE- A- 4316611: DE- A- 4316622: DE- A- 4316876 EP- A- 0589839 EP- A- 0591102:

EP- A-1291384. Fo re det s. on useful stabi]jzers and additjves, see
oo T E BrbreralemBadmaria pingen ion gh weSking ahhg Shves A EPHERSS By by
r el;] &0 engRp (g/g)ustTdaendmeE%owfﬁamm fﬁ?trciié%grve(tws(l)l‘éé/@ g%@gr émmTuhé city Cof
ennanci n a 1 TI SHC as ose ISC ose anoun (0]
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. e CO ite of e I nyentiLon ma o the
oo s CONBr Ry DR BaEPanSa 0 PR Batepelrssals bastd a MR red i n
whi ch t gfeeanipomi dilterobnd bigcicanhbticerd predempe theelterodRe Bityr thé wabking ¥tehace.
Incorpog% i 0 qu t he conposite may advant ageously be effected by addition

of the fe to the polymeric casting solution. The menbrane system or
menbrane nay be fornmed after inmmersion of said solution in a coagul ation

bat h 25( mai nl ter). refe enbodi, ment are a menbrane system
peailag e bR AR R A T e Ml g
havemg m’.taracr&inraq@buwéolmr%fe%u%blv@ﬁts@fre sélbEtad frbinrtag gmpraaﬁbiétarrge@‘ by a
menbr ane ?ol u pCI udi ng Pol the h % 30Pol VI n (h%éol i s pore
f or mer, 6’ aﬂ“B 5ePEapanels rﬁ‘ y Hﬁ‘r%}%é}ox UED y used
in nenbE@p@yawqpabaédQﬂﬁhamm)2011/023584PCT/EP2010/061900 11 The nenbrane

system or nmenbrane of the invention is capable of significantly reducing
bi ofil mgrowh conpared to the sane nenbrane system or nenbrane not

cont ai nimg pteiersdidrabedinial df thevatedtioh Ry Whiseafiddvait LaddrindxattRspirsed

co site.of the inventio Cl osed er systens ter ur|f| ation,
GouBe? bierdably L ismpeayreaiont ¢ 08 gl b ln A Hoke P aves cradmet st Gos or
t anks caarriee oauéljt@mberfamrbﬁﬁbmr%eho 000 at.Jk t6@h Qnéral ummm@.t.bh oihithign

ficacy, suc menbr ane

formation,, |ead) to serjou sof fil a

bor eab ey e Bea heKReTER Bagiont) RAPPE Siet B M B e | ol <
and conbagakntintoreleheritiissileérraddiZind dxipd tlshea@her problens with said surfaces
can derive fromalgal or bacterial biofilmformation 10resulting in an

undesi red change in their hydrodynam c properties and affecting e.g. the
f1 088 In the following a preferred embodiment of the method for producing a composite of the

invention is described in more detail without limiting the invention thereto.

In a first step a solution of at least one silver-salt is mixed with a solution of at least one zinc-
salt. Afterwards the resulting solution of silver- and zinc-salts is added to a solution of

potassium carbonate in water at 50 °C and the resulting silver- and zinc-carbonates are co-



rate in pipes, or also the trouble-free use of boats, marine or other

| i ol ogi cal applications. The specific conposite of the invention provides
menbr ane wpbame3mer nmenbranes with particul ar mechani snecr@r2awnadhe
enhancenment of antim crobial properties of the nenbrane 15system or
menbrane. The antim crobial nmenbrane systens or nenbranes include a
polynmeric material and a conposite of the invention, which is incorporated
into and either honogeneously di stributed throughout the polyneric materi al
or dispersed in 0 rlc material near its surface. 20Antim crobial
menbr an@r%t?@ﬁsbycfﬁ”aﬁ@ RiFPMEshige of Kie Garkanats BTyres Wikl wates Surtb ertem or gani ¢
pol yner sirip8 irdlicats e69 ENIOypIm &t Mdlatein WRAHEALARS)L foll PREE bt 8thaheitdnamitraioagr aph,
until page 54 (item 29). Preferred polyners are selected fromthe group
consisting of cellulose acetates, polyacrylonitriles, polyam des,

ol yol efi nes ol yesters, pol sulfon ol yet her sul f ane o] ycar bonat es,
Dol yot hit2 fsihhaiet s foraac FbET-pengerienaRariEs Whish Bertoahl fontelanes .
pol y§i ngbiveereghdnlol préfeesly qed sthanyl| iheatddd@ger inat yihydsphBRsSupiad

pol ytetrafl uore | enes xtures th reof. E en nore preferred polyners
are sel éed‘ﬂ%edatlrﬁ%tr%efb?%m&acﬁrgnﬁm%a 6 1569 't ones, pol yet hersul f ones,

pol yvi nyl i dene fl uorides, polyam des, cellul ose acetate and m xtures
t hereof . 30The anmount of the conposite according to the invention in the

or of e 2" POGEe Eoa R TR Ch B O ol Yt of theor gani c

poI yrrer V\D 2011/ 023584PCT/ EP2010/ 061900 12 The process of anti m crobi al

(5 ara F tetnfoIIo }e.stert)s Sof"d ga\?h In a first
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N- net hy brcﬁjpyrbreo otk preferdblg Iptaatuosa thyaanerocebisrest digdidset g i &l pre6 EMFvention.

di net hyl acetam de, etc. or a suitable solvent m xture, e.g. m xture of
these. O her common solvents are found in the literature. In a second step
t he comadnd ® tbé ahﬁrﬁlc'rdwcﬂptdmﬁleissﬁﬂtdﬁ&ﬁnricﬂlté bethé lraehtianthefussof gent and is
weIIdiserse sonj.c_m xer _or. a e mxing
tovi ces RS asEpamal st RAPon TS haicha Podtiin S REoHeR dfer
sol u§i othe iavgntionsi ng a mechani cal 10stirrer at optimum speed. In a fourth
step other additives (mainly organic and/or polyneric such as |listed above,
e.g. pore fornmers and/or hydrophilic additives) comonly used in nenbrane
CoNposi trheraSmnsasttebﬁ tieedieehtion etﬂrtmddiaoktrw meﬁfbrédeepromwesﬁér&breﬁe Bh@denvent i on
and pol f fth Stﬁ esuli g solution is cast &t a
filmnme rcgrr%r %6%“ RiCiR fo]t ”Fé’ o EThGITHRIR 8 roﬁﬁ'&?r?%%{ﬁleé‘s' reﬂ‘é’ﬁ%
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of Alter i |fnthef|fth p resultin solut on is
et &8 ed PRI oFRS USRS ngr e s e SR BT &S REPESIAETD ¢ ot o
in a comiatey) brechpwayg ther dulity if ose bt the remeaidlngeras ottaisIevemtomr ane wrth t he

di spersed conposite of the invention. Further alternatives of nenbrane
preparation are track-etching, stretching, |eaching, interfacial

pol yner itdathieesioresd fotteen oiggct 8bthe pedsept Deesvalo padidiers amindabbidememitanane
201 ayer raft and s utter depositio The nbrane may be used as a
Stand aPURET AL HETANE S POTRIPTISES GABEORR & e pRT T s e e BEADEATS o
menb5 anenatédfd, gnefesadt) sar @gasitipolyereneabl e menbranes. 25In a preferred
enbodi ment the water processing is carried out in a nenbrane system The
menbranes, nostly prepared of organic polyner nmaterials, nay be those known
for rev8esidedtningosite hcakdihg teathe rgsentinedrition itied artimicgaial sepdrate on,

d/ f b d al
1 mor Shatet s Rt by Spimpi Rl mRena el SuiRbe i Compasi t o
menbr anesmaoﬂterrﬁych’lmmtenblsaire ghemt to 4 persomekilleiinfthdant and atalylincude, fusipérr al

ul ar, onf,i.qur
20130 02388 eBrapaslof eS8 25 et Al I BRE . mEP desasver: asymret i o
or symrehosntutesf\arydmﬁsphonrmsnbyoﬁmed;admw nptmnes,sthrz;eysnabglstsneerbade of the
menbrane that are dif §It fronk he gore g e ot her face. Symmetric
menbr an&8& TRV SRR COthF‘ fleqrs qBlsitiag pORITs AUEE NARERrTAREIRIT of 1 he
menbr aneenaff@nnaies ahefsoindolifv@esrenbr ane i s forned) or nenbranes (finished
structure) with the present conposite conprises e.g. the incorporation into
t he nenbrane material or the nenbrane structure or into the surface
(coating) of the nmenbrane. Said incorporation includes e.g. precipitation
or noul ding (extrusion) processes. The conposite of the invention is
generally well fixed within the polyneric material, i.e. it is 10as a rule
non- | eachabl e. The conposite of the invention is preferably added as such.
The nenbrane systentusually conprlses at Ieast one. cast sent perneable or



15material or, optionally, in a coating |ayer. The preparation of the

sem perneabl e or dense nenbranes conprising the conposite of the invention
i s gener avbyokimas#s4i n the art. 20Cel | ul ose acet at e nenbrargr2@wespast e. g.
froma conposite solution (dope solution) containing e.g. a m xture of
cellulose di- and -triacetate and the gonposite of the invention in an
anount as indicated above on a support (fabric). The solvent used is e.g. a
di oxane/ acetone m xture wherein also the conposite of the invention is
readily soluble. They may be cast on a support (polyester fabric) and are
allowed to precipitate at | ower 25tenperatures. In the preparation of
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preci pi dmbathyiplopylbmtopeliiaiie, BhasthaitHien-cyolbpepYlamMEs-tdrib@ylemiHoast W th the

dope solution, e.g. by passin ol ution t rou h a_spipneret to

f or m t h&'ag8e B\W?t'%ﬂ@f%“'ew '?%7%8?9@8})@@%7 E@PM?@)‘W@ Z“i‘ﬂ fpshipe-

Menbr angshydok/iphenyl @Y SIPBE, paloyaddzle ofBidbeangsle.MaY be prepared by
casting a dope solution of a polysulfone and the conposite of the invention
onto a reinforcing fabric (polyester). Wen comng into contact wth water,
t he1@ol yadhdranefhBaditite regosdié@e®@fromtthe matrRni st & Pintiatiesanéreof: he
reinforcing fabric and forma film After drying this polysulfone film
(menbrane) is then soaked with an organic carboxylic chloride solution

f ol | owed. Ryticx4@RUS am ne sol ution, so that a polyanide | ayer is formed on
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hydr oxi sou of alkalinity), preservative, fillers, dyes, perfunes
and oth ﬁgy qﬁ% @8 Bifents and their use in rinsing liquors are well known
t o t hose.gskirdrhatt HvardxiyBerddyt cordSouhs, feoewewld €3,3irist3m di-teratyl-arhydoxyer y
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pre &P, MENIENZRNS: control | ed | eaching, are safe and non-toxic to
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nor e favora l e olo ical profile in the aquatic environnent when conpared
with e. gMigq) %%SJP HFMBohydr oxydi phenyl et hers which are al so used as

anti m cnolli Bbszylphoeptidzisan? exydplerdiréthy B sidpieerttga-hydir@gbehsidhaspiyo-usef ul
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process88': The nenbranes may be seni perneabl e nmenbranes, as commonly used
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2011/ 023584PCT/ EP2010/ 061900 15 ranpes as used for exanpl e reverse
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use theamentisane systemof the invention for the filtration of aqueous
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phar mac e ‘ eRyloropionic acld With HANQTOE ROV -~ gas
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bl ood- pl atel ets or bio-pol yners of high nol ecul ar wei ght such as proteins,
from aqueous |iquids or dispersions in biotechnology or nedicine, 10the
filtration of water used in power generation,




the purification and/or decontam nation of water for industrial processes,
chem cal processes, netal treatnent, sem conductor processing, pulp and
paper proweesimg3ssand especially of drinking water and/ ecTmesieossier. A
subj ect of specific interest is a reverse osnpbsis nmenbrane system
conprising the present conposite partiegles, as advantageously 15used in
desal i nati on processes e.g. for the production of drinking water from sea
wat er. Another application is the use of the nmenbrane systemin water reuse

applicati ong SRO NF where m crobj aI growt h occurs on th
menbr and:12 - Y4 vdegxyplies ) idh \iEsmPBRN Qrig'y %EW'CThe
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20- 25C; heer ni ght denot es ati rre- per| od in the range of 12-16 hours.
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accordlq g t he Fraunhof er.Diffraction Method. According to the
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conpared. to zinc oxide; this observation was al so validated by EDX
measur e > Abbreviations used in the exanples: WO
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Gerrranysamytalt@te test strlps com*rerm al product from Merck, Gernmany.

yl pyr.ol i don : rcial_pro fromAl drich, Germany.
ol 191 meracaidlen T dBble B Tro@epr§ Tty RO YBlmer ci ol pr oduct i rom
BASF Gargriiskel ddMRungs, Ter euahfpmngickdPeSnpleiddd 6EBRRhIbISIALD 1 BIRetamtyi al
pr oduct m BASF, Germany. E. coli: Escherichia coli S. aureus:

St aphyl BHWBELFS”O ureus Exanple 1: Preparation of Ag/ZnO conposite 15
Co- pr ecR®. Badricaly 19ihddrbe akaaidaonbremgle s (2216 GRictratfethyb4 Pipebidid)sebhsatand

silver nitrate re di ssolved in 100 m deloni zed water at

50 C. Tll-aﬂzts—éémoéﬁ—o fgéa'aﬂaéﬁﬁayww d€hin 30 nin to a stirred (8000

r5 gn%o?ib(t)a 2519 %rmﬁm)wmsﬁfmt%rs%&egM Bis24- Gmtéth):clgﬁhe%?[)ﬁg wat er at
aker ar kene nium f ol or stirring

oh U {1 BiieR e sl riesRty SRR Rl b My for 30 min & 11 ght

yel | ow 3umeematemvaterg‘ fb"rl’&ﬁmpléfm NOBipReMii@RINB6H20) : 297.52 g/ nol 2 AgNGB

M Ag Nai) Phospaltes ar% gtPosphonltes foWamtgl:Q?r?phena p‘hosphq{eerI K2003

5. Hydroxylamines, for example N,N-dibenzylhydroxylamine.

25 6. Nitrones, for example, N-benzyl-alpha-phenylnitrone.

7. Thiosynergists, for example dilauryl thiodipropionate.

8. Peroxide scavengers, for example esters of 3 -thiodipropionic acid.

9. Basic co-stabilizers, for example melamine, polyamides, polyurethanes, alkali metal salts

and alkaline earth metal salts of higher fatty acids, for example calcium stearate, zinc
30  stearate.

10. Nucleating agents, for example inorganic substances, such as talcum, metal oxides.

11. Fillers and reinforcing agents, for example calcium carbonate, silicates, glass fibres,

glass beads, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car-

bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fibers..



MM K2CB) : 159. 11 g/ nol ZnCO8 + 2 KNOB MM ZnCOB) : MM KNOB) :  125. 37

g/ nol 101. 09 g/ mol Ag2003 + 2 KNOB MM Ag2C3B) : MM KNOB) : 275, 74 g/ nol 101. 09
g/ nol WO 2011/023584 The suspension was filtered i npaTRBreehnerod unnel
(Filter type: Whatman(r) Sort 1: mddle 25retention and flux. Particle
retention 11 pm filtration velocity (4#rzberg) 150 s, weight 88 g/ng,

t hi ckness 0.18 mm ash 0.06 % and washed two tinmes with deionized water
until less WD 2011/023584PCT/ EP2010/ 061900 17 than 10 ppmnitrate is found

inthe filtrate (Merck: Nitrate test stri jcally one needs 20 I / kg
pr eci pi tlét-émﬁﬂ%é—\‘i@tfé? eé%{R@eP%“B?erFs'UWgﬁ@r %é‘g'sif'ﬁr%tpwg?%‘l ﬁ%ﬁf)%) and

filtereddaigads) catmg-tsf fldvtl @dSntQﬂiléQerﬁ@ ptitd brigRenétsefidmenbofing dgehil afRidienat es
after filtrati and Calcination The filter cake was dried at 200

C at 1OfSeW%§P8BBW’ ‘whil e increasing the tenperature to 350 C. _
Cal ci nat1BOBbr\oz@mr@rafrfes%ddmuonﬁéne§5@r exdraple Hosaidscldeed ©19. arp2afsesal ci nati on

(oned! PULE Al GG BRI A A BT SPM KRB BRER 0 v

MM Ag2CBB)-A Mt 66120 DE-A-4316876; EP-A-0589839, EP-A-0591102; EP-A-1291384.

For more details on useful stabilizers and additives, see also list on pages 55-65 of WO
04/106311, which is hereby incorporated by reference.

10
The membrane system may further comprise hydrophilicity enhancing additives, such as
those disclosed in WO 02/042530.

The amount of the composite of the present invention in the membrane system according to

15  the present invention is preferably 0.05 to 20 weight percent, more preferably 0.05 to 10
weight percent, based on the total weight of the polymer. The weight ratio of the further
additives to the composite within the membrane system of the invention is preferably in the
range of 5:95 to 95:5.

20  The composite of the invention may be added to the polymer composition forming the
membrane system or membrane. A film is formed in which the composite of the invention is
dispersed, mainly at the surface. Incorporation of the composite may advantageously be
effected by addition of the composite to the polymeric casting solution. The membrane
system or membrane may be formed after immersion of said solution in a coagulation bath

25  (mainly water).

A preferred embodiment to prepare a membrane system or membran of the invention
constitutes the formation of a continous film having microstructural characteristics of
ultrafiltration membranes by a membrane solution including Polyethersulfone,

30  Polyvinylpyrolidon as pore former, a composite of the invention and any other additives

commonly used in membrane preparation;



275,74 g/ nol 231,74 g/ nmol > 100; 300C 2 Ag20 -- 4 Ag+02

Mm Ag20) : MM Ag20) : MM 0) : 231, 74 g/ nol 107,87 g/ nmol 16 g/ nol 10 Process
control byoB®A/(284C/ m n): three peaks of mass | oss areptwwrdo10bbBoC; 237
C, 350 C. Process control by DSC (20 C/mn): two peaks of thermal activity:
170C (-26 J/g); 248 C (191 J/g) 15 Appeprance: brown powder Silver content:
19.2 % Ag particle size by EDX: 60 nm 15 nm ZnO particle size by EDX
<20 pm Particle size distribution by |aser granulonmetry: 5.7 pm (50%
probabilLity; fluid: 0.08% Na20Citrate) WO 2011/023584PCT/ EP2010/ 061900 18
BET sur A8 &qHh{aNgFYSIesB OBBIgARI S Qféhtgﬁé(%tloé‘ '§ capgole, iy sighificegieredyeng g,

?. 859 %Io}nnh §rowitis 86rhp&Ed td1thbTanTd m¥MbRInedysteh ¢ mémierad®dofNdonkihiag Ry er

ube. en zin

oxide is added in on ortion. The suspension was
hormgenﬁ%*éfdarﬁ?ﬁ-‘éwme{f%?WP%&'V?”%%&'B@%@P g fhithe P”T'ﬁ%“%di um chl ori de
(3.4 9, Clbs@aWadr ystenss (Wafs Lnmstibn delalifativ@i Ring dl§epiaticpartsascagisiged 0 t he
stirfred_suspension in 5 n form.ng silver h‘ oride.. Subs%ﬂ)t%f{gg % 1the
reac?i ofl g xfaANEE %é%“kétciag})%&“%?t tégaﬁﬁﬂa'élf a@@ eolonigating Ag PITINREMaligs) + 2
NaNGB  |eading to MéfictRQamdbs 7 filgr RFFRbcyt sO8Chs AAbée permeability (flow rate), and

followed by deterioration of the materials and contamination of the circuit liquids.

Other problems with said surfaces can derive from algal or bacterial biofilm formation
10  resulting in an undesired change in their hydrodynamic properties and affecting e.g. the flow-

rate in pipes, or also the trouble-free use of boats, marine or other limnological applications.

The specific composite of the invention provides membrane systems or membranes with
particular mechanisms for durable enhancement of antimicrobial properties of the membrane
15  system or membrane. The antimicrobial membrane systems or membranes include a
polymeric material and a composite of the invention, which is incorporated into and either
homogeneously distributed throughout the polymeric material or dispersed in the polymeric

material near its surface.

20  Antimicrobial membrane systems or membranes of the invention may be prepared from
organic polymers, e.g. as commonly listed in WO04/106311 page 48, bottom paragraph, until
page 54 (item 29). Preferred polymers are selected from the group consisting of cellulose
acetates, polyacrylonitriles, polyamides, polyolefines, polyesters, polysulfones,
polyethersulfones, polycarbonates, polyether ketones, sulfonated polyether ketones,

25 polyamide sulfones, polyvinylidene fluorides, polyvinylchlorides, polystyrenes and
polytetrafluorethylenes or mixtures thereof. Even more preferred polymers are selected from
the group consisting of polysulfones, polyethersulfones, polyvinylidene fluorides, polyamides,

cellulose acetate and mixtures thereof.

30  The amount of the composite according to the invention in the membrane of the invention is
preferably 0.05-20 % by weight, more preferably 0.05-10 % by weight, based on the total

weight of the organic polymer.



MM AgCl ) : 143.25 a/nol N2H4 H20 MM N2H4. H20): 50.05 g/nnol HCI 4 Ag ZnO
+ 4 HO + MM HCl): 36.45 g/ nnol zZnd 2 + H20 MM ZnCl12): 136.27 g/ nnol N2
H20 Therwbydriamssse hydrate (3.0 g, 0.06 nol) was dr oppedTiEP2:10861900
suspensi on. 15Thereby the col our changes fromwhite to bei ge-brown. The
suspension was filtered and the filterqgake was washed with 100 m water.
In the next step ethanol (100 mM) was added and washed again. Finally all
vol atil e corrpounds where renoved in a vacuumoven at 130 C. Yield: 31.0 g,
99% of heor earance: brown powder Si]ver content: 19.7 wt % Ag
particl éNgP eB Of m'%@'ahfﬁ?’zﬁ@”ﬁé}f?ﬁaé?té’”s‘?ﬁ?@ f‘EKP"VEﬁ)?@ sleps BﬁPUWI?d

2011/ 0238R4PCT/ EP2010/ 061900 19 Particle size distribution by |aser
granulonmetry: 1.1 pm (50% probability; fluid: 0.08% NaGC trate) BET surface
[rn2/g]: 7.6 5 Conparative Exanple 2 As conparative conmpound HygenticO 400

LS3i ol haraselas obsmgl s Busetianin agmiselenti Ghos it o
Agl 200 Ui bene diehigeieienraimedyla et Gydan IS eRGAEREeHS #R 1040 Test
or gani s@gitdolnesisrid ikl Bigdixt@relof tHege [ Othef 8drhmbn s60Ehts Aldouddin3Be, 9 x 108
15S. aureus ATCC 38652, 3 X 108 | nocul m concentratjon in he test:
T0701 wul HErRie: gk S900RASTem e SorDES (et hes0ver ian Sud R B 4G fakion of sohvent
and is well dispersed, e.g. using uItrasonlc mixer or any other suitable mixing devices. In a
third step the slurry is dispersed throughout the polymer solution, e.g. using a mechanical
10  stirrer at optimum speed. In a fourth step other additives (mainly organic and/or polymeric
such as listed above, e.g. pore formers and/or hydrophilic additives) commonly used in
membrane compositions may be added to the mixture of the composite of the invention and
polymer. In a fifth step the resulting solution is cast into a thin film membrane by known
methods resulting in a semi permeable or dense membrane with dispersed composite of the
15  invention at least on one side of membrane. Alternatively, in the fifth step the resulting
solution is metered into a non-solvent of the polymers where the polymers precipitate in a
controlled way to form a semipermeable or dense membrane with the dispersed composite
of the invention. Further alternatives of membrane preparation are track-etching, stretching,
leaching, interfacial polymerization, sintering, sol-gel processes, adding an active membrane

20  layer, grafting and sputter deposition.

The membrane may be used as a stand alone membrane or may be cast on a support to

make a composite membrane. Often used are semi-permeable membranes.
25 In a preferred embodiment the water processing is carried out in a membrane system.

The membranes, mostly prepared of organic polymer materials, may be those known for
reverse osmosis, ultrafiltration, nandfiltration, gas separation, pervaporation and/or
microfiltration.

30
They may be cast as a stand alone film or cast on a support film or membrane in the
fabrication of composite membranes and may have flat sheet, fine hollow fiber, capillary,

spiral wound, tubular, or plate and frame configuration.



S. aureus24 h E. coli24 h 25 Inactivation: TSB special The col ony count of
the inoculumwas retrieved after incubation. The inactivation of the test
subst ancesowas/®adsissf actory with TSB. 30Test concentr at iPom/EPR01DNE1900
suspension test: 0,1%and 1% total silver Test sanples : 1% test sanple:
20 0.535 g test substance: Ex.1 (18.7 $gsilver) ad 9 g H20 1 nL inoculum5
0.1% test sanple: 0.054 g test substance: Ex.1 (18.7 %silver) ad 9 g H20
1 nmL inoculum 10 1% test sanple: 0,508 g test substance: Conp.Ex.1 (19.7 %

silver) _ad 9 H20 1 pL jnoculum 0.1%test s | e: 0,051 t est
subst a)nE@rth%H%ﬁes@ste.ylmewe PTGy ief T YTy ARpgettc membfines have
pore sizes on one face of the membrane that are different from the pore size on the other

face. Symmetric membranes have equal pore sizes on either face.

5 The treatment of the membrane materials (before the membrane is formed) or membranes
(finished structure) with the present composite comprises e.g. the incorporation into the
membrane material or the membrane structure or into the surface (coating) of the
membrane. Said incorporation includes e.g. precipitation or moulding (extrusion) processes.
The composite of the invention is generally well fixed within the polymeric material, i.e. it is

10  as a rule non-leachable. The composite of the invention is preferably added as such.

The membrane system usually comprises at least one cast semi-permeable or dense
membrane having a polymeric structure and the controlled release/slow leaching composite
of the invention incorporated into the polymeric material and dispersed throughout said

15  material or, optionally, in a coating layer.

The preparation of the semipermeable or dense membranes comprising the composite of the

invention is generally known in the art.

20  Cellulose acetate membranes are cast e.g. from a composite solution (dope solution)
containing e.g. a mixture of cellulose di- and -triacetate and the composite of the invention in
an amount as indicated above on a support (fabric). The solvent used is e.g. a
dioxane/acetone mixture wherein also the composite of the invention is readily soluble.
They may be cast on a support (polyester fabric) and are allowed to precipitate at lower

25  temperatures.

In the preparation of hollow fiber membranes from e.g. polyacrylonitriles polysulfones,
polyether sulfones, polyether ketones, polyvinylidene fluorides or sulfonated polyvinylidene
fluorides the solvents used are e.g. aprotic solvents such as dimethylformamide,

30 dimethylsulfoxide, dimethylacetamide, N-methylpyrrolidone and mixtures thereof.

The composite of the invention is readily dispersable in said solvents or solvent mixtures and
will precipitate with the polymer when a non-solvent comes into contact with the dope

solution, e.g. by passing the dope solution through a spinneret to form the hollow fiber.



1 mL inoculum 1%test sanple: 0,1 g test substance: Conp.Ex.2 (100 %
silver) ad 9 g H20 20 1 nL inoculum O0.1%test sanple: 0,01 g test

subst ancewoQonm2bs84 1(100% silver) ad 9 g H20O 1 nlL i necuEP18661900
Results: cfu/sanple JIS Z 2801 WD 2011/ 023584PCT/ EP2010/ 061900 21 Tabl e 1:
Sanpl e S. aureuslog reduction cfu/n5 4 n.30 mn. E. colilog reduction
cfu/m.,5 mn.30 mn. |noculum 2, 30E+08 2, 2E+08 H20 reference 5 2, 80E+07

Composite membranes, such as composite polyamide membranes, may be prepared by
casting a dope solution of a polysulfone and the composite of the invention onto a reinforcing
fabric (polyester). When coming into contact with water, the polysulfone and the composite of
5 the invention precipitate onto the reinforcing fabric and form a film. After drying this
polysulfone film (membrane) is then soaked with an organic carboxylic chloride solution
followed by aqueous amine solution, so that a polyamide layer is formed on the polysulfone

membrane. After drying a composite membrane for reverse osmosis is obtained.

10  In an alternative embodiment of the present invention the membrane system may be
furnished with antimicrobial properties by rinsing the whole system (membranes, pipes, tanks
etc.) with a rinsing liquor containing 0.01 to 2.0% of the composite of the invention, based on
the weight of the liquor. The composite of the invention are normally substantive to the
polymeric material of the membrane (filtration) system, and by diffusing into the top layer

15 (e.g. coatings) of the polymeric material a long lasting protection against biofilm growth and
bacterial and algal decay can be achieved.

The rinsing method is also suitable to reactivate antimicrobial activities of antimicrobially

exhausted membrane filtration systems.

20  Preferably, the rinsing liquor is an aqueous formulation containing besides the composite of
the invention conventional components like surfactants, which may be non-ionic, anionic or
zwitter-ionic compounds, sequestering agents, hydrotropes, alkali metal hydroxides (sources
of alkalinity), preservative, fillers, dyes, perfumes and others. The components and their use
in rinsing liquors are well known to those skilled in the art.

25
The composites of the invention is very efficacious in preventing the growth of almost all
kinds of bacteria present in water, have slow, controlled leaching, are safe and non-toxic to
human and animal skin, and show good bio-degradability and altogether a more favorable
ecological profile in the aquatic environment when compared with e.g. trichloro-

30  hydroxydiphenylethers which are also used as antimicrobials.

The membrane system of the invention is particularly useful in desalination, membrane
bioreactors and other aqueous purification processes. The membranes may be semi-

permeable membranes, as commonly used in conventional filtration processes, or dense



1, 30E+07 H20 reference 30' 3, 40E+07 1, 50E+07 Ex.1 0.1% <100 >5
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membranes as used, for example, in reverse osmosis processes.

It is thus a further object of the present invention to use the membrane system of the
invention for the filtration of aqueous liquids or aqueous dispersions, e.g. selected from liquid
food, beverages, pharmaceuticals and pre-products thereof. They may further be used for:
gas separation,

the separation of bio-molecules or bio-particles, e.g. blood-platelets or bio-polymers of high
molecular weight such as proteins, from agueous liquids or dispersions in biotechnology or
medicine,

the filtration of water used in power generation,

the purification and/or decontamination of water for industrial processes, chemical
processes, metal treatment, semiconductor processing, pulp and paper processing, and
especially of drinking water and/or waste water. A subject of specific interest is a reverse
osmosis membrane system comprising the present composite particles, as advantageously

used in desalination processes e.g. for the production of drinking water from sea water.

Another application is the use of the membrane system in water reuse applications (RO, NF,
MF etc) where microbial growth occurs on the membrane, even with relatively "clean" water,

and causes fouling.

The following test methods and examples are for illustrative purposes only and are not to be
construed to limit the instant invention in any manner whatsoever. Room temperature (r.t.)
depicts a temperature in the range of 20-25°C; over night denotes a time period in the range
of 12-16 hours. Percentages are by weight unless otherwise indicated. The particle size
distribution was measured by laser granulometry: apparatus: Mastersizer 2000 by Malvern.
The analysis of the particle size distribution was done according to the Fraunhofer Diffraction
Method.

According to the present invention the method to be used to determine the primary particle
size is the energy dispersive X-ray spectroscopy (SEM/EDX; instrument:

REM : Quantum 200 FEI with field emitter (FEG); max 30 kV;_REM picturing with ETD (SE-
Detector) und SSD (BSE-Detector) at 10 kV (e- acceleration voltage). Silver occurs
enlightened due to its higher atomic number compared to zinc oxide; this observation was

also validated by EDX measurements. Abbreviations used in the examples:

<100



>5 <100 >5 Conp.Ex.1 0.1% 1, 90E+07 <1 7, 20E+06 <1 2, 00E+07 <1 3, 60E+05
1,6 Conp.Ex.1 1% 1, 60E+07 <1 <100 >5 1, 90E+07 <1 <100 >5 Conp. Ex.2
0. 1% 2, 0A¥®Q¢1170b358%100 PCT/EP2010/061900
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Materials used:

Silver nitrate: commercial product from Aldrich, Germany.
5  Zinc nitrate: commercial product from Aldrich, Germany.

Potassium carbonate: commercial product from Aldrich, Germany.
Nitrate test strips: commercial product from Merck, Germany.
N-methylpyrolidone (NMP): commercial product from Aldrich, Germany.
Polyvinylpyrolidone (PVP): Luvitec® PVP 30 K commercial product from BASF, Germany.

10  Poylethersulfone (PES): Ultrason® 2020 PSR commercial product from BASF, Germany.
E. coli: Escherichia coli

S. aureus: Staphylococcus aureus

Example 1: Preparation of Ag/ZnO composite
15
Co-precipitation of the Carbonates
Zinc nitrate (59.5 g; 0.2 mol) and silver nitrate (6.4 g; 0.04 mol) are dissolved in 100 ml
deionized water at 50 °C. This solution is added drop wise within 30 min to a stirred (8000
rpm) solution of potassium carbonate (34.8 g; 0.22 mol) in 300 ml water at 50 °C (1000 ml
20  beaker, which was darkened by aluminium foil). For stirring an Ultraturax T25 (Company:

IKA) is used. After stirring for 30 min a light yellow suspension is formed.

Zn(NO,), +K,CO, ———> ZnCO,+2KNO,

Mw(ZnNO,6H,0): Mw(K,CO,): Mw(ZnCO,):  Mw(KNO,):
297.52 g/mol 159.11 g/mol 125.37 g/mol  101.09 g/mol
_—
2 AgNO, + K,CO, Ag,CO,; + 2 KNO,
MW(AGNO. ) Mw(K;CO,): Mw(Ag,CO,):  Mw(KNO,):
16987 g/mol 159.11 g/mol 275,74 g/mol  101.09 g/mol

The suspension was filtered in a Buechner funnel (Filter type: Whatman® Sort 1: middle
25 retention and flux. Particle retention 11 um, filtration velocity (Herzberg) 150 s, weight 88

g/m?, thickness 0.18 mm, ash 0.06 %) and washed two times with deionized water until less



>5 7,11E+02 4,6 <100 >5 Conp.Ex.2 1% <100 >5 <100 >5 <100 >5 <100
>5 Exanple 3 Preparation of nenbrane 5N-net hyl pyrolidone (NMP) (70 m) was
pl aced i nwe 20hwesssaeck flask with agitator. Polyvinyl pyrolrimbene/ obisee t ec(r)
PVP 40 K (6 g) was added to the N MP and the tenperature increased to 60C
and stirred until a honmogeneous clear $plution was obtained. The required

| evel of conposite of the invention (concentration given in ppmsilver in
respect to PES; cf. table 2) was mxed to 6 g of NVMP and sonicated for 20
10m nutes and the suspension was added to the PVP sqlution and stired until
the sol {id"ol? I%H%”W@Fﬁ)'gg‘?’r@&d%Thelfﬁﬁr%)%t(MEE‘%UW'F@F?eteﬁj s bYRIT3lY 968 6 ths g)
was addegg preclpitates Phalfilkedtard (B0sd)iis Bigpersdd Inl etfaril SOOURI) SAd filtdred a¥as. The

obt ai nﬁ{dj Thﬁ sol utign V\@S d%ggssedpgvegniaqht fzi\t room tenperature (30-400).
The menBiteifake 6pRlping QW& sthaol femetahcagenatesalterdiidiane was casted on the
glass with a casting knife at room Tenperature 15 and allowed to dry for
30 seconds before [mersion. The nenbrane is casted into a water bath of
25C. © Af &'”qef‘?ﬁpﬁlﬂn@&%f i mersion, the menbrane is rinsed with hot water

( 65- 75CThafilter aué @k drie¥\é 260190 R84S/ F&RROH MY a9 e Zsindhat®inperdture

to 350 °C. Calcination was carried out at 350 °C for 90 min. Completion of calcination was
gravimetrically dedicated until theoretically mass balance was achieved (Mass loss: Found:
24.3 w%, calculated 30.3w%)

>300°C
ZnCO, » /ZnO +CO,
Mw(ZnCO.,): Mw(ZnO): Mw(CO,):
125.37 g/mol 81,37 g/mol 44,02 g/mol
200°C
Ag,CO, > Ag,0O + CO,
Mw(Ag,CO,): Mw(Ag,0): Mw(CO,):
275,74 g/mol 231,74 g/mol 44,02 g/mol
>100; 300°C
2 Ag,0O = 4 Ag + 0,
Mw(Ag,0O): Mw(Ag,0O): Mw(O):
231,74 g/mol 107,87 g/mol 16 g/mol

10
Process control by TGA (20 °C/min): three peaks of mass loss are found: 155 °C; 237 °C;

350 °C. Process control by DSC (20 °C/min): two peaks of thermal activity: 170°C (-26 J/g);
248 °C (191 J/g)

15  Appearance: brown powder

Silver content: 19.2 wt%

Ag particle size by EDX: 60 nm = 15 nm

ZnO particle size by EDX: <20 ym

Particle size distribution by laser granulometry: 5.7 um (50% probability; fluid: 0.08% Na-
20 Citrate)



Testing of antibacterial activity of nenbrane: Test nethod:JIS Z 2801
(Japanese Standard nethod) 5 Test strain:E. coli ATCC 10536 S. aureus ATCC
3865 Contwot2otioresss Tenp24 hours at 37C (JIS Z 2801) 10rBamph@ossm®e®. 5 X
2.5cm Cover filmsize2 x2 cm 15l nocul unl00 pL of the cell suspension Sanple
handl i ng: After incubation of inocul atggl sanples for 24h the whole |iquid
was drawn in the material and for the elution of cells the sanples were
transferred into "Stonmacher bags" filled with 10 m inactivation buffer and
"kneade for 1 mpute. The follow ng nmenbrane sanples were prepared

accor di %&Tt%rf?ﬁee["ﬁét?@c%ure of exanple 3 containing different conposite
contents with variable silver contents as listed in table 2. Testing was
conduct%dﬁgg €‘§t Escherjchia coli and Staphyl ococcus aureus according to
the tes HEX¥PPISY above. Results: cfu/sanple JIS Z 2801 WO

2011/ 023584PCT/ EP2010/ 061900 23 Tabl e 2: Menbrane Fornul ation Initi al

corrp03|t content to P é Initial Zn_content toE}S% rr%n itial

cont@nt Sﬂ\’)”ﬁé@“f E—Aﬂr(} 9]65%5 By '%@é%"‘i?%@%@f’ﬂﬂ%ﬁt éOS.E ' E’@B /‘Scj‘ll"éﬂi“%%%

cf u/ sample. TRé@AKc oxide iSdded M 68pEabN.Oh sdsPension was homogenized by a
ultraturax® T25 stirrer for 10 min. The sodium chloride (3.4 g, 0.059 mol) was dissolved in 50
ml water. The brine was added to the stirred suspension in 5 min forming silver chloride.

Subsequently, the reaction mixture was stirred for 30 min at 50 °C.

10
AgNO, + NaCl — = AgCl + 2NaNO,
Mw(AgNO,): Mw(NaCl): Mw(AgCl): Mw(NaNQO,):
169.87 g/mol ~ 58.43 g/mol 143.25 84.98 g/mol
a/mol
y ZnO + x AgCl —>  [AgCl], - [ZnO]y
Mw(ZnO): Mw(AgCl):
81,37 g/mol 143.25
a/mol
4 AgCl-ZnO  + N,H,-H,O ———— 4Ag-ZnO + 4HCI + N, + HO
Mw(N,H,.H,0): Mw(HCI):
50.05 g/mol 36.45 g/mol
ZnO + HCI — = ZnCl, + H)O
Mw(ZnO): Mw(HCI): Mw(ZnCl,):
81,37 g/mol 36.45 g/mol 136.27 g/mol

Then hydrazine hydrate (3.0 g, 0.06 mol) was dropped to the suspension.

15  Thereby the colour changes from white to beige-brown. The suspension was filtered and the
filter cake was washed with 100 ml water. In the next step ethanol (100 ml) was added and
washed again. Finally all volatile compounds where removed in a vacuum oven at 130 °C.
Yield: 31.0 g, 99% of theory

20  Appearance: brown powder
Silver content: 19.7 wt%
Ag particle size by EDX: 200 nm
ZnO particle size by EDX: <2 ym



0 5, 6E+05 9, 6E+05 Bl ank 8, 0E+05 2,5E+05 Ex. 3B 0 0 O control 24 h
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Particle size distribution by laser granulometry: 1.1 um (50% probability; fluid: 0.08% Na-
Citrate)
BET surface [m%g]: 7.6

5 Comparative Example 2
As comparative compound Hygentic® 400 (commercial product from Ciba, Switzerland) was

used, which consists of 100% elemental silver.

Example 2

10  Testing of antibacterial activity of Ag/ZnO composite:

Test method: CG 161/ European Standard method EN 1040
Test organisms (inoculum) Overnight culture [cfu/mL]
E. coli ATCC 10536 2,9 x10°

15  S.aureus ATCC 3865 2,3x10°

Inoculum concentration in the test: 107 cfu/mL

Contact times at 22 °C: 5 min; 30 min
20

Incubation:

S. aureus 24 h

E. coli 24 h
25

Inactivation: TSB special
The colony count of the inoculum was retrieved after incubation. The inactivation of the test

substances was satisfactory with TSB.

30 Test concentration in the suspension test: 0,1% and 1% total silver

Test samples :



6, 6E+04 1, 8E+05 <10 4, 1E+02 Ex. 3D ZnO 0,08 643 O <10 1, 3E+04
40% <10 <10 Ex. 3E
WO 2011/023584 PCT/EP2010/061900
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1% test sample: 0.535 g test substance: Ex.1 (18.7 % silver)
ad 9 gH20

1 mL inoculum

0.1% test sample: 0.054 g test substance: Ex.1 (18.7 % silver)
ad 9 gH20

1 mL inoculum

10 1% test sample: 0,508 g test substance: Comp.Ex.1 (19.7 % silver)
ad 9 g H20

1 mL inoculum

0.1% test sample: 0,051 g test substance: Comp.Ex.1 (19.7 % silver)
15 ad 9 g H20

1 mL inoculum

1% test sample: 0,1 g test substance: Comp.Ex.2 (100 % silver)
ad 9 gH20

20 1 mL inoculum

0.1% test sample: 0,01 g test substance: Comp.Ex. 1 (100% silver)
ad 9 gH20
1 mL inoculum
25
Results: cfu/sample JIS Z 2801



0,05 241 200 Ag/ ZnO <10 < 10 40% <10 <10 Ex. 3F 0,5 2410 2000
Ag/ ZnO <10 < 10 40%
WO 2011/023584 PCT/EP2010/061900
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Table 1:
Sample S. aureus log reduction E. coli log reduction
cfu/mL 5 min. 30 min. |cfu/mL 5 min. 30 min.
Inoculum 2,30E+08 2,2E+08
H20 reference 5' 2,80E+07 1,30E+07
H20 reference 30' |3,40E+07 1,50E+07
Ex.1 <100 >5 <100 >5
0.1% <100 >5 <100 >5
Ex.1 1,00E+04 3.4 <100 >5
1% <100 >5 <100 >5
Comp.Ex.1 1,90E+07 <1 7,20E+06 | <1
0.1% 2,00E+07 <1 3,60E+05 1,6
Comp.Ex.1 1,60E+07 <1 <100 >5
1% 1,90E+07 <1 <100 >5
Comp.Ex.2 2,07E+07 <1 <100 >5
0.1% 7,11E+02 4,6 <100 >5
Comp.Ex.2 <100 >5 <100 >5
1% <100 >5 <100 >5
Example 3

10

15

Preparation of membrane

N-methylpyrolidone (NMP) (70 ml) was placed in a three-neck flask with agitator.
Polyvinylpyrolidone Luvitec® PVP 40 K (6 g) was added to the NMP and the

temperature increased to 60°C and stirred until a homogeneous clear solution was

obtained. The required level of composite of the invention (concentration given in ppm

silver in respect to PES; cf. table 2) was mixed to 6 g of NMP and sonicated for 20

minutes and the suspension was added to the PVP solution and stired until the solution

was homogeneous. Polyethersulfone Ultrason® 2020 PSR (18 g) was added to the

solution and stirred until a viscous solution was obtained. The solution was degassed

overnight at room temperature (30-40°C). The membrane solution was reheated to

70°C. The membrane was casted on the glass with a casting knife at room Temperature

and allowed to dry for 30 seconds before immersion. The membrane is casted into a

water bath of 25°C. After 10 minutes of immersion, the membrane is rinsed with hot
water (65-75°C, 30 minutes).




<10 <10 Ex. 3G 0,5 2410 2000 Ag/ ZnO < 10 440 20% <10 <10 Ex. 3H
1,0 6427 2000 Ag/ ZnO
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Example 4
Testing of antibacterial activity of membrane:
Test method: JIS Z 2801 (Japanese Standard method)

Test strain: E. coli ATCC 10536
S. aureus ATCC 3865

Contact time / Temp 24 hours at 37°C (JIS Z 2801)
10

Sample size 2.5x2.5cm

Cover film size 2 X2 cm

15  Inoculum 100 pL of the cell suspension

Sample handling: After incubation of inoculated samples for 24h the whole liquid was drawn
in the material and for the elution of cells the samples were transferred into “Stomacher
bags” filled with 10 ml inactivation buffer and “kneaded” for 1 minute.

20
The following membrane samples were prepared according to the procedure of example 3
containing different composite contents with variable silver contents as listed in table 2.
Testing was conducted against Escherichia coli and Staphylococcus aureus according to the
test method described above.

25
Results: cfu/sample JIS Z 2801



< 10 <
40%

10 40% <10 <10 Ex. 31 2,5 12051 10000 Ag/ ZnO < 10 < 10
<10 <10 Ex. 3J 5,0 24101 20000
WO 2011/023584 PCT/EP2010/061900
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Table 2:
Initial Initial Zn | Initial Ag | E.coli
S. aureus
. composite | content to | contentto | ATCC
Membrane | Formulation ATCC 6538
contentto | PES PES 10536
cfu/sample
PES [w%] | [ppm] [ppm] cfu/sample
Blank
Ex. 3A 0 0 0 5,6E+05 9,6E+05
control 0 h
Blank 8,0E+05 2,5E+05
Ex. 3B 0 0 0
control 24 h 1,9E+05 5,6E+05
210 3,7E+04
Ex. 3C ZnO 0,03 241 0
6,6E+04 1,8E+05
<10 4,1E+02
Ex. 3D ZnO 0,08 643 0
<10 1,3E+04
40% <10 <10
Ex. 3E 0,05 241 200
Ag/ZnO <10 <10
40% <10 <10
Ex. 3F 0,5 2410 2000
Ag/ZnO <10 <10
40% <10 <10
Ex. 3G 0,5 2410 2000
Ag/ZnO <10 440
20% <10 <10
Ex. 3H 1,0 6427 2000
Ag/ZnO <10 <10
40% <10 <10
Ex. 3l 2,5 12051 10000
Ag/ZnO <10 <10
40% <10 <10
Ex. 3J 5,0 24101 20000
Ag/ZnO <10 <10
20% <10 <10
Ex. 3K 5,0 32135 10000
Ag/ZnO <10 <10
20% <10 <10
Ex. 3L 10,0 64269 20000
Ag/ZnO <10 <10




Ag/ ZnO < 10 < 10 20% <10 <10 Ex. 3K 5,0 32135 10000 Ag/ ZnO
10 < 10 20% <10 <10 Ex. 3L
WO 2011/023584 PCT/EP2010/061900

24

Claims

1. A composite comprising
(@) 10.1-99.9 % by weight of elemental Ag and

(b) 0.1-89.9 % by weight of ZnO,

wherein the sum of (a) and (b) makes 90 % or more by weight of the composite and
wherein

the elemental Ag has a primary particle size of 10-200 nm and/or the ZnO has a
primary particle size of 0.1 to below 50um and/or the composite has a particle size
distribution of 0.1-50 ym and/or a BET surface area of 10-100 m%g.

2. Composite according to claim 1, wherein the elemental Ag has a primary particle size
of 10-100 nm and/or the ZnO has a primary particle size of 0.1 to below 30um and/or
the composite has a patrticle size distribution of 1-30 ym and/or a BET surface area of
20-80 m%g.

3.  Composite according to claim 1 or 2, wherein the elemental Ag has a primary particle
size of 30-80 nm and/or the ZnO has a primary particle size of 0.1 to below 22um
and/or the composite has a particle size distribution of 1-22 ym and/or a BET surface
area of 35-45 m?/g.

4.  Composite according to any one of claims 1 to 3 comprising a composite of
(@) 20.1-99.9 % by weight of elemental Ag and
(b) 79.9-0.1 % by weight of ZnO;
preferably of
(@) 20.1-40.0 % by weight of elemental Ag and
(b) 79.9-60.0 % by weight of ZnO.

5. Composite according to any one of claims 1 to 4 producable by
(i) mixing a first mixture of at least one Ag-salt with a second mixture of at least one
Zn-salt thereby forming a third mixture of Ag- and Zn-salts,
(ii) adding the third mixture to a mixture of a carbonate source,
(iii) co-precipitating of the Ag- and Zn-carbonates formed in step (ii),

(iv) washing of the Ag- and Zn-carbonates and
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ZnO, wherwonotiessum of (a) and (b) makes 90 % or nore lpgTPR@bienho t he
conposite and wherein the elenental Ag has a primary particle size of
10-200 nm and/or the ZnO has a primarysgparticle size of 0.1 to bel ow 50pm
and/ or the conposite has a particle size distribution of 0.1-50 pmand/or a
BET surface area of 10-100 nR/g. 2. Conposite according to claim1, wherein

t he el ement aI has rimar article size 10- 100 nm and/or the ZnO
has a primary el ‘gcginfes'tﬁ%/g%tﬁeto‘ﬁ %’éf%’i}vcér%ﬁﬂ?tﬁ?rd/ or the conposite has a
particle size d| stribution of 1-30 pmand/or a BET surface area of 20-80
n2/g. 3. Conposite accogqgi n%%g claiml or 2, wherein the elenmental Ag has a
pri mar y Spar CORIPESIES 3GCopNG - BHMmRnAGE: Brsteh® zno has a primary particle
size of 0.1 tR Aog-;—ls@wS%atémearfdfnofhetda@u;ﬁm@ﬁhg @fh@-&lt@teg?l’gzadét&e A8ulfate,

distribution of 1-22 nd/ or T sur ea of

4. Conposi te accor 897 5%5%%59(1?‘36‘%6 OE‘Ftﬁl%%?"iorf ARG ﬁﬁoég'&qf%om te of
(Z az) 20. 1f 99. gwle%rbyalv\ﬂlsgiz%te@ffroﬁ{ﬂh @Lﬁd co‘l\glsﬂﬂtﬁ@o(m n|7r9te9t29~|aﬂ;eAf’é’t63)ZnV@1lthb',[ of
n0; preferably of (a ght” o ment a

79.9-60.0 % by We%@(ﬂ %2 8”?&9 Q?J%Iﬂdgﬂg’r%' g’ﬁ&é{é ”%CI aims 1

to 4 prod ucable byxuﬁrba;tﬁgr%fng a first mxture of at Ieast one Ag-salt with
a second m xture of at |east one Zn-salt thereby formng a third m xture of
Ag- and Zn-salts, (ii) adding the third mxture to a mxture of a carbonate

source, 7(i i Chnposiky @(ﬁiolflilﬁg'ifoi dgmef5 drite whgreirthe crbopateliadeasseti o steg (ii)is St ep
(i), (iv) vvashlng he Ag- and_ Zn-carbonates and 25
selected from the group consisting of carbonate acid, ammonium carbonate,
guadinium carbonate, potassium carbonate, sodium carbonate, lithium carbonate, the
corresponding hydrogen carbonates and mixtures thereof; preferably potassium

carbonate.

8.  Composite according to any one of claims 5 to 7, wherein
(a) step (ii) is carried out at temperatures from 10 to 90 °C
and/or
(b) step (v) is carried out under inert atmosphere, preferably at temperatures from
100 to 600 °C.

9.  Antimicrobial membrane system comprising a membrane comprising a composite

according to any one of claims 1 to 8 and an organic polymer.

10. Antimicrobial membrane system according to claim 9, wherein the organic polymer is
selected from the group consisting of cellulose acetates, polyacrylonitriles,
polyamides, polyolefines, polyesters, polysulfones, polyethersulfones,
polycarbonates, polyether ketones, sulfonated polyether ketones, polyamide
sulfones, polyvinylidene fluorides, polyvinylchlorides, polystyrenes and
polytetrafluorethylenes or mixtures thereof; preferably selected from the group
consisting of polysulfones, polyethersulfones, polyvinylidene fluorides, polyamides,

cellulose acetate and mixtures thereof.



(v) thermal deconpositing of the Ag- and Zn-carbonates. 6. Conposite
according to claim5, where in step (i) the Ag-salt is selected fromthe
group consoWimg3shi Ag-nitrate, Ag-acetate, Ag-sulfate, pAgmPREI0AEPN0
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