METHODS OF MAI NTAI NI'NG AND USI NG A HI GH CONCENTRATI ON OF DI SSOLVED
COPPER ON THE SURFACE OF A USEFUL ARTI CLE BY RI CHARD PRATT, THOVAS D.
JOHNSON, ARMD 2(0d7MadbR SUH The invention clai ns t hehenefroky49d
priority of U S. Provisional Patent Application No. 60/747,948,
"METHODS OF PRODUCTI ON AND USE OF ANTI-M CROBI AL COPPER', filed on
May 23, 2006. FIELD OF THE | NVENTI ON The invention rel ates
generally to nmethods for increasing the concentration of dissolved
copper ions and copper containing nolecules in solutions disposed on
copper and copper alloy surfaces and thereby enhancing the
antimcrobial properties of such copper alloy surfaces. Particularly,
it relates to nethods which can be practiced on an industrial scale
prior to fabrication into sem -finished and fini shed goods, as well
as treatnents which can be applied after fabrication.
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BACKGROUND OF THE | NVENTI ON Copper and copper alloys have been
used for mllennia as sonme of mankind' s primary technol ogi cal

mat eri al s. woheist14€080i nati on of ease of manufacture, ragyiel@bitossys
resi stance to overall corrosion, and their availability on a variety
of attractive colors and finishes have made themthe preferred
material for coinage, as well as a variety of artistic and
architectural applications where these properties are inportant.

El ectrical and thermal conductivity greater than nearly al
conpetitive materials conbined with useful strength, formability, and
relatively | ow cost have nmade these materials vital to the

el ectronics industry. . . Copper is an essential trace mneral,
Vital to the hbBy imeatien ghispeerenedi ok f b SekoNaiaBbPAsH | as
well as other life forns at very | ow concentrations. Copper
sheat hi ngApblisdtignsNo .ns0/747 948 "METHODS 6¢& FRODITIEV AWNBdISBIOI i n
the 18th century to prevent attack by teredo (shipworn) and to

prevent aPF@ngE RoB1ATREOMP RIEE d@ﬂ? gaNheHE such as barnacles to
wooden-hulTed s ?ps. #ﬂg bene |éﬁ§i e ¥e§ts’mere due to sl ow

di ssolution of the copper surface in contact with seawater. Al so,
copper and copper conpounds have been used in paints for ships' hulls
made of a variety of materials for their effectiveness in preventing
fouling of ships' bottons by marine organi sns. These antifouling
properties are tied to the release of copper ions fromthe affected
surface, resulting in a m IR QR AR ANXENREON r f ace which is
toxic to such organisns and preventing attachnent of these organi snms
to the affected surface. Marine mcroorgani sns may be affected by as
little as 1 pathke pwention ralaes genspally ©ImpthodClor ingrezsimg thetaedreriraione
shown that copper alloy surfaces are effective at decreasing the .
vi abi | i tyoplissil 6¢Pes PR icEIng ¢ePpaonliiBp Shdlaculéd imtsBhitions Apobedon |
whi ch cause food-borne illnesses. Such surfaces are also effective at
reduci ng yiahi.l.i ! i I { ions in
heal t h ca#’eﬁ%ﬁl@ﬁl ¥?I|9éae§ Tﬁlgggﬁ&as S %@Fﬁ%@%&gﬁgﬁﬁgﬁd e(él?lgfnel | a,

i th s br PEWETSSOF S6eh RGeS BRt R PUISEIEH: By ates e PEPEHCh

Wi a br ‘0 ’

treatments. Copper and copper alloys will naturally forma thin oxide
llayer in cambaptactieddon iveirslnwip bealepricowdabticatipnpnioneniitfnigfedcmdr ous
oxi de (Cu20) at normal tenperatures; in environnments containing

sul fur, thgisBed SodHk, hHERAS WaRhAROWhiA A beCApplibg aft% MBricsd. and
cupric sulfide Cij. This layer will grow thi'cker over tine,
eventual |y obscuring the bright surface and causing the surface to
darken. Dark filnms of oxides and/or sulfides on the surface are
considered "dirty" and objectionable, unless used deliberately for
specific decorative or architectural purposes. A great deal of effort
and research has gone i hﬁggg&ﬂgﬂ f i films from
form ng and of rem)vingﬂ i@ﬁgvpﬁgﬁfﬁﬁﬁﬁgﬁﬁﬁf cation of
surface treatnents (anti-tarnish filnms, stain inhibitors, or polyner
coatings) which slow the transport of oxygen to _the copper alloy
surface al so sCepeerfpd gappuralleys bayaeeeniused formadleaniars someedf met hods
are well known to those skilled in the art. Since the

antim cr ohiagkindr opembiyeeciiolegipfanateoRP Ghelldogibinaivd fRRAREHT
conpounds have been known for sone tinme, there have been a nunber of

et BRGS0 R GE R DS, APl ARy on

centuries to . prevent biofoFIin hi

. ] f. .
a variety of attractive colors al?d ﬁnlslsms ﬁave made them the preferred material



hul I's; nore recently, static underwater structures such as oi

pl atforns have been simlarly protected. Galvanic corrosion between
the steel WwHwdra4@hAt forns and the protective copper sheaidog/00a%3
limted the useful ness of this nethod, but MIler (4,987,036; 1/1991)
di scl oses a nethod of creating a substantially continuous coating by
pl acenent of numerous small platelets of copper adhered to the
structure.with an elecirlcall insulating materi al oue (5,338, 319;
2/ 1995) dfSEPHES 3 Wl At @ yauiEy wgamsgﬁ 288 AFGgC R a@ﬁﬁ@'ﬁd@nwfl&rff esin
pipe with a berylliumcontaining copper alloy. Both nethods involve
cont act wheke pregeriesrare importanoEleetriqabtimd thefrivhlyaidpeti Gy3d8ae6 than
11/2001) nakes use of a Cu-Ti alloy where the titanium (and possibly

ot her al | QHRGIPLGAB N RAEFiSE @Bhibddy K bsifasiren gﬁi HOOMBRIA N does

rely on a dellberate surface treatment to produce Oxi des and
avail abl e i t he t al ace se S i.ons ,i ncl ude
o por - oncrelgPRn ot s BEL et el Riardn iR Fiedl fh B B G o s

and copper ions. Many patents have been issued for

copper-contai ning biocides for use on agricultural produce and in

wat er treat mertOPRS5pHeh CHERHE taea eBeRsb Ak ohe hEdlEh anEPIoBRY sour ce
of antimcrobially effective copper ions, but the relatively high

sol ubi | i t funofioting of dupanmigabezu, tas webl shaher Iferfoisatoferefdvect i veness
before the copper is washed away. Many of the patents focus on

met hods t gy esirsasR. the rel ease of copper into solution and increase
the effective lifetime of the treatnent. Exanples of this type of
product are given in Cook (7,163, 709; 1/2007) Back (6,638,431,

10/ 2003), Stai ikl 2

412000) . Thesel DiR eg’t%'r‘réea%]g‘m%%%h‘i’é %@ﬁ Vs A o §%%%ﬁ N %“é‘?rg%m
but they do ngt nmake use of a permanent, inherentl antlnlcroblal
copper ort d&pé‘fenalry &Y PEYERtAECK bY deted@ §Shipw o). andr tmPseNsng atteghmemb per
i ons. Anot her net hod used to nmake netallic m |l products (such
as netal shmetin®wesdy amul onganieims shciwad baraaclento wocedenbindledshipgsackhel s t o
coat the surface with a solution, paint, or polynmer containing an

antimicr %@hoﬁ@%ﬁ%c@%r@ e &Y slswrcﬁssfohﬁloql%tthé'E%lboﬁbr @hﬁ&c,% in Bofitact
anti m crobi al agent may e netalllc particles metallic partlcles

carrying anti m crobi | ass |cIe cont j.ning s

Cons. | andrah BhyeRE) Blsopgorher 4nd Somfis 2ReBiT e bsrp BRlS PE 1

cl assic exanpl e of these nmethods is the ' FbalthShleId product |ine
from AK Sthips’ huily enale ofta ariety of magripbgor greodbrtivernss ispienentyig a
metal lic substrate coated with a resin fornulation carrying inorganic
zeol i t es foulingxif dRips Whdteding By indkine ©agdis®t The se s fciling prpsetiesareor
antimcrobial effect. her simlar products (directly using netal

%F?ﬁ?ﬂd?%%ﬁﬁéiéﬁa%ﬁé?ﬁlgﬁf’ﬂﬁough’éf’f'%F{SQF&%W ke

exhaustive., Wil e these S e a nunb r of

G For ent MTHSTGIGREN 31 TR OHTTHGE BRI 12t 57 Y SRR AR RRcgenting
finished articles, the antimcrobial properties of these itens are
due to t hﬁtmhmemngf thesther gandnd do tl affesitgd anfache Magingl miccoaganisme
itself as a permanent source of antimcrobial ions. Yet another

met hod of phoheiafcRAbyHsAtAR AN pAFtpcs bﬁﬁoﬁ@épﬁdﬂr(i ppBE B! so invol ves
the use of particles of nmetal powders, netal-ion containing salts and
ot her conmpounds, and netal-ion carrying particles simlar to those

Rgfggbﬁgogﬁbs?§%§@ ﬁ%gﬁgﬁgpégﬁgagggtgwéﬁ&gyggg%?ﬁ%lsc %%g?kguch a

pol yner, also used as a.coatihg on a substrate_ ite Kiik (6,585, 813;
7/ 2003) dfledpasigsthy iy, I’f“&FQﬁEQ%?‘Bﬁ Sudedp StaHnP'i'f‘erﬁ‘t hﬁpﬂé %ﬁiﬁ’]ﬁ on

bl ended asphalt roofing shingles and other itens used in the building




whi ch can assi st transport of oxygen to the surface and copper ions
fromthe surface. A further disadvantage of such treatnments is

t hat cl eanyobay:Aa401851 ght copper in the netallic, non-i qurasdosiogdses | S
nearly insoluble in water. Oxidation of copper provides copper ions
whi ch can be assimlated i nto aqueous solutions or into body fluid
residues to provide antimcrobial properties. Wthout such copper

ions availapble for _transport, an aptimcrobially aclive surface woul d
need to d&f@&hcfa%migbqry@ ks %mrf{aﬁ%%%e lsoisttect e ADSERERs
processes be slow to occur, but the reactions required are vari able

i n react i aabilityref mieperghaismsoied toseoatdare indéctjpms on hedthneare faxiilities,
treatnent, environnental conditions, and, therefore, are difficult to
predict. (e ds%iaﬁ)h?ﬁic@@cﬂsfhu%iﬁ&lfélgﬂﬂ]ellﬁ',ae{ud%tﬁéfrs.f ace is active at the
time it is placed in service would benefit fromthe stated
invention(s), as they ensure the surface is predictably active at the

time it is pl . rvi I e Lffi edi ct
the.anti m cr obf S gy $4pHEs alldy et B b Bees iy aBich heite

Prior art does not address the effects of manufacturing nethods .
necessar yPio% P radaonh IR Varigty Of (eatiRants, | GPREA And GAPRH 3HeYS Wil ed
antim crobial surfaces could be changed in processing. The invention
i s directpatutablytfoempribbl @idoiayer satdntayt avithethe atratdphesen donsisimgabl y
active surface at the tinme an article is placed in service which

provi des goRRARTY bOARDIEYEHNiAD rat 88&hAl tbi@beiAfir N iR cRAAHR K
sol utions” or bghy flai&ﬁ¢ésigﬁ%£9f%r antﬁni ?%bfgﬁlpfoperties? whi ch

can be produced on,seni-fi.ni shed goqds or .finjished arti during or
i ter  mantER e oae " af We SRR i Of St G it ent
the present invention creates a specific surface finish on copper and
copper - al fupicsfide €snDy Thiglayer will grovethjckst onest thwescverhialy ObsEuIing
foll owed by chem cal treatnent to increase concentrations of

di ssol vedthedpipbe sinda dnd caosibg ilensurface codinkeh. Bathfilheoboxiflecasi/and

t her eby enhance the mcrobial properties of the surfaces. The surface

F i sh oyt B 5 PANSELkDY oRlutsfile 0y 4 I chBblesuBbosiiab e

finish; by grinding wth suitable abrasi rushi ng or buffing
wi th or wi,thout asives: by inpacti the surface with i r shot
of ' sut t anterEryeddha et AP E s REe el Sterbo and a
nunber of other different processes. The purpose of the specific
surface félfiorslanil sesearchritaaigore we metigpdsiof tpheventipp euchafilns/frevn foamingoy
wat er, aqueous solutions, and/or bodily fluids to enhance dissolution

of copper a@Néf eaReig thefitwhet theyalotfothUiAdsplicafionof suitaet dlehiher@d (et -
I n one enbodi nent, the chem cal treatnent i nvol ves the use of a

degr easi ng 1.1, Lqurid. i i . i t e Qi

ar onses, B REABABRS, ol pdifl BRRRSUARH R BT EBbLRE .,
with wetting of the surface by aqueous solutions aor bodily fluids. It
may al so PRESHVR thesanper allowairfacsalserslowe frantion o @xudedilgise Mieshand
diluted acid, possibly with the addition of an oxidizing agent,
fol | owed bthemmettogls aré wsh kndtvingo thseskilletlrieshe@nt is used to change
the oxidation state of the copper or copper alloy surface to enhance
t akeup of copper ions fromthe surface into solutions in contact with
the surface. Since tHe @SR HromEes émlpgb@&bpﬁér dllbeahieedppet t he

surface specifically does not include application of tarnish

i nhi bi tor b t1laz T r I i A f
i of SrTRo i pete Bant Bhiarh it AhmB b e sBhRn bl nftbor
the surface by water, aqueous solutions, or bodily fluids or to slow
or preventssg peaterials audk prpsasses makinepseras thesatbseRerties: nAs Retedopper
or copper alloy surface. Such applications inhibit takeup of copper

i ons frombdwe, tomet eheshing haebesirustd foraaruridseonevent biofdilalg of ship



FIG 1 shows neasured contact angle as a function of process and
alloy. The contact angle is higher for comercial treatnents with
anti-tarniwohognagents such as BTA, TTA, and oil than ifcTi:2809069413
either of the invented processes listed. A conmercially treated
surface with an oil filmhas the highest contact angle and | east
wetting by water. A surface treated with acid and an oxi di zi ng agent
such as rogen perqxide, (Process 2) exhibits a lo ontact angle
and good R‘é&b P}%cj‘? fﬁ%ﬁpgy=p%%t!°elﬂfﬁioeﬁ‘6?f855‘)ﬂﬁmr&ﬁ puch @W&P g gays ‘%‘i"gd
(copper, red brasses, and yell ow brasses). FIG 2 shows the

r el at i ons$inmplablgtpretentedo §pdvanew coruvsiambetaicss dhagtead f thaplatfagueandthe
solution and contact angle as a function of surface treatnent

process. JiectioRREppd\chkithin@as MekiRASRE uvdihiihedesr MASIBG ARt ler
angl e, showi ng that wetting between the surface and the solution

(hou com ek 20t 9l T TRSEL EWel ol GRS BugpBREty BUR Mkl and
evol ution/content in solution as a function of process route and
surface f¢aftign bymlacansns of nemeraus serdlddatslesyel soppenadgretbioghe in
solution conpared to norrmal commercial processing with BTA as a
tarni sh i gthidowre arith oelesuichHg énshianingmatérial( tlheuep(5e338,3 EY 2¢1960i nent ) ,
certain process routes show dramatic increases in copper evolution

i nto sol ug: T, i i . i i : Mﬁ he
hi ghest c%llsgg?esr e é%@g%@ﬁg@%m{%&t@?ﬁd@o@%sﬁ %bégl 1{slslhazws fond

i nactivation rates for FE. il exposed on surfaces treated by

| nvent | on“PHYBEELOPPELHI: SROMiTHNOG HEPVE GRMEFET RIS Ik essed
material with BTA as a tarnish inhibitor. This process shows a 3 | og
io reduction in CFU (99.9% reduction in active bacteria) after only
30 ninutes expdrether pateat{ Mizamiic, &13.06dictl/200L) arpkes veg ol CriTiley .
Commercial material shows only a slight reduction after 90+ m nutes
exposur e. where thé&tifanidm$hod\sossiy btter ldoyihp elinnaind) pogferamially oeidizes..
Process 4. This process shows a 3 logio reduction in CFU after 45

m nutes e : M 1 i | ] s 25
Commer ci a1 o Fhiy ot R FUBIUIRC shifite AAC0 oLegfi®and,
exposure. Fl 6 sho results. for, treatpent by inventign Process 5.
Thie® pr oceedtbleal & B Pt taenahesp SAidsg ot WnDETAG AU SCEORE t or
45 m nutes exposure, with conplete inactivation after the sanme 60

m nut es. Caatner eJemenisdhar just coppensulbdes/and etidehand eapper ioms. af t er 90+
m nut es exposure. FIG 7 conpares commercially processed
material with BTA and rolled material with a residual oil filmand no
further proceskliang pafdatsthave beeeissual for eoppdriconsdinia) Miduides for use on
substantially |ow rates of inactivation of the bacteria through the

tested ti gBRuMIRA pfOURR A ih YatdtrAlBSRNICIpRLMis AAd compounds provide

a strong source of antimicrobially effective copper ions, but the relatively high
solubility of the compounds results in short periods of effectiveness before the
copper is washed away. Many of the patents focus on methods to decrease the
release of copper into solution and increase the effective lifetime of the treatment.
Examples of this type of product are given in Cook (7,163,709; 1/2007), Back

(6,638,431; 10/2003), Stainer (5,171,350, 12/1992), and Denkewicz (6,217,780;



DETAI LED DESCRI PTI ON OF THE | NVENTI'ON The invention can better
be understood by reference to the follow ng detailed description

wher ei n nuRBRea4etENPl ary processes are descri bed. NungmauwS007/069413
abbrevi ati ons are used throughout. To aid in the understanding, sone

of the abbreviations are described and listed in Table 1 bel ow. These
definitions relate to nunmerous matters, including but not limted to

pr ocedur 620 hhg %3@%&%"‘&55&%@&2.#&%&4 SHRTeiR 6F BYieRgi s
and ot her processes of the present invention. Tabl e 1. Process

Condi t i onmakefiseof & persndfient, stthefent] yeantniReobiad|copper dryoppper dlloylshirfRae
Finish B=2-5 Rarolled, typically 4 Ha Finish C = 18-40 Ra rol |l ed,
typi cal | yi2&tBa long-term source of copper ions.

Another method used to make metallic mill products (such as metal sheet or
strip in coils) with an antimicrobial surface is to coat the surface with a solution,
paint, or polymer containing an antimicrobial agent and dry or cure the coating in
place. The antimicrobial agent may be metallic particles, non-metallic particles
carrying antimicrobial metal ions, glass particles containing such ions, and/or
particles of metal salts or similar compounds. The classic example of these
methods is the “HealthShield” product line from AK Steel (Myers, et al.;
6,929,705; 8/2005), consisting of a metallic substrate coated with a resin
formulation carrying inorganic zeolites and oxides which in turn carry metal ions
or compounds for antimicrobial effect. Other similar products (directly using
metal compounds or salts) are disclosed in Lyon (6,042,877; 3/2000) and Zlotnik
(5,066,328; 11/1991), although this list is by no means exhaustive. While these
coatings may be applied to a number of different substrates, either before or after
fabrication into finished articles, the antimicrobial properties of these items are

due to the coating alone and do not rely on the metallic article itself as a

permanent source of antimicrobial ions.

Yet another method of forming antimicrobial articles and surfaces also

involves the use of particles of metal powders, metal-ion containing salts and other



MLL OL = As-rolled; remants of rolling |ubricant. NOT degreased;
starting point for other conditions. DG = Degrease using comerci al

sol uti on BRYwm07heseed air dry PKL = 10-20% H2SO4 + 1- 3%dta@dedocsa1Age

72 hours @25 Cin air FURNL =
compounds, and metal-ion carrying particles similar to those noted above, but
blended throughout a bulk polymer or similar moldable substance. McDonald
(6.797,743; 9/2004) discloses such a polymer, also used as a coating on a substrate
item; Kiik (6,585,813; 7/2003) discloses a related formulation used to fight algae
growth on blended asphalt roofing shingles and other items used in the building
trades. Again, the anti-microbial properties are due to the copper- or other metal-
containing particles, and not due to the bulk of the material itself. Also, the
effectiveness of these materials is limited by the total concentration of anti-
microbial metal particles and compounds which can be blended into the matrix,
and by transport of these effective ions through the matrix to the useful surface,
where an uncoated metal surface presents the effective ions directly at the surface
with minimal transport and concentration limited only by the solubility of the

metal in the solution of interest.

One disadvantage of the traditional method of supplying copper surfaces
free of oxidation and treated to prevent further oxidation is that a clean, bare,
bright copper surface is generally hydrophobic, minimizing or preventing contact
between the surface and water or aqueous solutions. Treatments normally applied
to prevent further oxidation are generally even more hydrophobic than the original
copper surface, both directly minimizing physical transport of oxygen to the

copper surface and preventing formation of adsorbed films of water on the surface



Furnace treat 2 hours @200 Cin air FURN2 = Furnace treat 5 ninutes
@0Q Cin air Process 1 DG + DRY Process 2 DG + PKL + DRY Process 3
DG + DRY +w&bkolresiess 4 PCT/US2007/069413

which can assist transport of oxygen to the surface and copper ions from the

surface.

A further disadvantage of such treatments is that clean, bare, bright copper
in the metallic, non-ionized state is nearly insoluble in water. Oxidation of copper
provides copper ions which can be assimilated into aqueous solutions or into body
fluid residues to provide antimicrobial properties. Without such copper ions
available for transport, an antimicrobially active surface would need to develop
naturally. Not only can these natural/atmospheric processes be slow to occur, but
the reactions required are variable in reaction time, dependent on the nature of
prior commercial treatment, environmental conditions, and, therefore, are difficult
to predict. One interested in ensuring that a surface is active at the time it is
placed in service would benefit from the stated invention(s), as they ensure the
surface is predictably active at the time it is placed in service. It is, therefore,

difficult to predict the antimicrobial activity of these naturally formed surfaces.

Prior art does not address the effects of manufacturing methods necessary
to create commercially useful articles and how those stated antimicrobial suifaces
could be changed in processing. The invention is directed to the problem of
creating a repeatably and renewably active surface at the time an article is placed
in service which provides copper ions available for assimilation into aqueous
solutions or body fluid residues for antimicrobial properties, which can be

produced on semi-finished goods or finished articles during or after manufacture.



DG + DRY + FURNL Process 5 DG + PKL + DRY + FURN2 1) Contact Angle
Studies - Surface Wetting by Aqueous Sol ution One neasure of the
ef fecti vengeowfi4dihe treatnents according to the preserdcriuseeniosan i S
to determine the contact angle between the treated surface and the
top surface of a water drop sitting on the surface ("sessile drop").
In this detailed SUBSTITUTE SHEET description, the contact angle is
defined is the angle of incidence between the solid surface and the
liquid, both in the presence of air. Physically, this corresponds to
the angl e between the solid.surface itself and a plane tangent to the
dropl et surface at the point of contact between solid, liquid, and
air. This contact angl e SUMMARYOK ITHLINVENTHON f ace energi es and
t he chem cal bondi ng of the surfaces involved, as seen by wettability
of the surface by various fluids and adhesi on between surfaces. These
surface ener gi msorcambaibmenis theaprgbers invendon prefatesa spetificedrface finsh
control |l able factors as surface roughness (Ra) the chem stry of the

base surfggg, %ﬁéﬁhﬁlﬁ@}?&g BT SAEE Ny aRssne 5%% sTWhilh ¥y be

| ayers of ~oxI S etc. helr ty the t

of such surfac
B llowe% by chemlcal treatment to increase concentrations of dissolved copper

ions in solutions in contact with the surfaces and thereby enhance the microbial
properties of the surfaces. The surface finish may be produced by cold rolling
with work rolls of suitable finish; by grinding with suitable abrasives; by brushing
or buffing with or without abrasives; by impacting the surface with grit or shot of
suitable size and velocity; by controlled chemical etching; and a number of other
different processes. The purpose of the specific surface finish is to enhance
wetting of the copper alloy surface by water, aqueous solutions, and/or bodily
fluids to enhance dissolution of copper and copper ions into said fluids for

antimicrobial effect.

In one embodiment, the chemical treatment involves the use of a
degreasing treatment during mill coil processing to remove oils, greases, waxes,
and other surface contaminants which will interfere with wetting of the surface by
aqueous solutions or bodily fluids. It may also involve further treatment of the
degreased surface with diluted acid, possibly with the addition of an oxidizing

agent, followed by a water rinse. This further treatment is used to change the



In this invention, the solid surface in question is a pernanent
metallic surface of copper alloy, either as part of a bulk netal

obj ect or wee07ilinner | ayer (but still permanent) depagit@do@ncals
substrate. "Copper alloy"” is used herein to refer to any copper
containing alloy including just copper itself. The contact angle
measurenents (Method A) discussed herein were performed with a single
standard flyid, |ab- Uﬁtl ity filtered dei oni.zed/ reverse osnpsi s water
( DURO wat %’Flaa'i}\?ﬂ %tﬁteﬁ)gd HEWPER ST FRPEE 3ULRY Avniicedo SRRNSEARYGUPAL CORBST
di ssol ved gas content of the liquid. Measure-nents were nmade on a
vari ety ofonsftomt thecsusiacé ate solutient mxkoadad mdihnihe surfadee | nvent i on
processes, using the sessile drop nethod. The actual neasurenents of
contact angle were nmade using a real-tinme capture caneral/ m croscope

setup. Drop ShiapmeAtabodiment vl didinicdVRRatme@T®itie wWefre spkaficaledots
second for one 14 AMENDED SHEET - IPEA/US mnute after dosing the

f j " . ~ayhe final
cont act sponiater? apSlesbn bE RS MRIONALE ks odBbRRARERATYE T "
tandard for . ' [ hi tudy; this hel ped mnim Ny
Var i abi | | AR AL BAGRARILTE f GHSyVbFeh POpher LPNBNEGYSed do inpibit

| ighting conditions, and air currents. Results of contact angle
measur enewekingrod thd enmbaderbyRivatar, eqieouGowimions.abr bodiy dhedsectorsiive or al
with an oil filmremining on the surface has the highest contact
angl e andpfcReis tRARHEGE bf YRY $dnG sQifuf RECOMAR vilSHe cBﬁ;Ser_td?%obﬁéialloyh' S
is expected, since it is @ comon observation that "oil and watéer do
not m x". nercial surf.aces, tir. ed wWth hydrophobi.c tarnish

b bi + or STy SR Rl Rni 6ok & Bf bl SRR 8 Shase,

hi gh contact angl es and poor wetting, neaning that water (and agueous
sol ut i onsarglféwr%?ée@wantmmhl@lsprgmﬂﬁm@th@|S§g‘ﬁ@er-s) will not contact
the surface so treated. These results show a simlar pattern for

di fferent copper alloys, although the actual data varies; results for
copper, red brAssrdimglyd¢hd presdnt asendop cgmpeises auseifgl arficleSonfraiseg a
treated by the first process of the invention, hereafter "Process 1",

show a copgjpst gl Mlarlme%nﬁgﬁ&fea% cafeRdUS R 0$1dR AARLFLUTTIBHE Blbe

processes for eacC | oy tested, and surfaces treated by the second

i nvention,prqcess, . .hereafter ."Proce 2", how cont act angl

dramat i caf TS nigEgsitehtiations it Salttion Skt gh BEcoPRY Avr, cat ed
Surfaces using Sinmulated Body Fluids [Imersion in Artificial Sweatl
As a furt#bfaCkeasure of the effectiveness of copper alloy surfaces
treated according to the invention, tests were perforned to determ ne
rates of copper evolution fromthe netallic surface in sinulated
bodily fluids. Since one of the primary uses of such treated surfaces
is in prevention of cross-contam nation between infected and
un-infected hospital personnel, touch surfaces such as push plates
and door handl es contBrRIEE DRSCREIPFKON OF THE DRAGYINGS! t hus by
fluids such as sweat) are of particular interest. A search of the
published literature shows a great deal of interest in netal

evol ution in hggm tood i AGL act
Germati t1s. " AS oG OFR apedsOreaUeHficE e B ERLcRCAIERLess tha GREY.
"artifici sweat", althoygh_.there are few in published standard test
ot hods. anie Eniae gl T £ Crmmacra peimeley Ba Al BuRGE FEAnS

ni ckel (Table 2). Common to nearly all of the fornul ations

i nvest i gaswl asBTAcTPAcsmhoid them i6 & fios eitheratfithe auedtedpmocessasdisted. A

ni t rogen-cont ai ni ng substance sinulating the am no aci d residues

found in aghiplcifleabated S@TRIOPAN hh ONFilMARA the HRIhYst cRntRPM e ARSt are
simlar to commonl’y used bl ood pl asma ext enders,” and many

Formul ati pag wAGhy 85 idC A SHRRIARGRS: SEH A PR A §idBRig AP asO"
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hydrogen peroxide (Process 2) exhibits a low-contact angle and good wetting,
This pattern holds for all alloy families listed (copper, red brasses, and yellow

brasses).

FIG. 2 shows the relationship between copper evolution (dissolution) into
aqueous solution and contact angle as a function of surface treatment process. The
copper evolution increases with decreasing contact angle, showing that wetting
between the surface and the solution (low-contact angles) is important for

increased copper evolution and thus antimicrobial effect.

FIG. 3 shows copper evolution/content in solution as a function of process
route and surface finish. All invention processes show increased copper in
solution compared to normal commercial processing with BTA as a tarnish
inhibitor. For surface finish “A” (the preferred embodiment), certain process
routes show dramatic increases in copper evolution into solution. The
combination of Process 5 and Finish A showed the highest copper release of

methods tested.

FIG. 4 shows inactivation rates for E. coli exposed on surfaces treated by
invention Process 2 compared with normal commercially processed matertal with
BTA as a tarnish inhibitor. This process shows a 3 logyo reduction in CFU (99.9%

reduction in active bacteria) after only 30 minutes exposure, with complete
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inactivation after 45 minutes. Commercial material shows only a slight reduction

after 90+ minutes exposure.

FIG. 5 shows results for treatment by invention Process 4. This process
shows a 3 log,o reduction in CFU after 45 minutes exposure, with complete
inactivation after 60 minutes. Commercial material shows only a slight reduction

after 90+ minutes exposure.
FIG. 6 shows results for treatment by invention Process 5.

This process shows a slightly lower (2 log;o) reduction in CFU after 45
minutes exposure, with complete inactivation after the same 60 minutes.

Commercial material shows only a slight reduction after 90+ minutes exposure.

FIG. 7 compares commercially processed material with BTA and rolled
material with a residual oil film and no further processing. Both “commercial
conditions” exhibit substantially low rates of inactivation of the bacteria through

the tested times when compared to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The invention can better be understood by reference to the following
detailed description wherein numerous exemplary processes are described.

Numerous abbreviations are used throughout. To aid in the understanding,

12
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some of the abbreviations are described and listed in Table 1 below. These
definitions relate to numerous matters, including but not limited to detailed
definitions of materials, material characteristics, tests procedures, innovative
manufacturing and surface treatment processes and other processes of the

present invention.

Table 1. Process Conditions/Definitions

Finish A = | 6-14 Ra rolled, typically 10 Ra
Finish B = | 2-5 Ra rolied, typically 4 Ra
Finish C = | 18-40 Ra rolled, typically 28 Ra

MILL OIL = | As-rolled; remnants of rolling lubricant. NOT
degreased; starting point for other conditions.
DG = | Degrease using commercial solution
DRY = | Forced air dry
PKL = | 10-20% H»SO4 + 1-3% H:0»
RT = | Age 72 hours @ 25° Cin air
FURNT = [ Furnace treat 2 hours @ 200° C in air
FURN2 = | Furnace treat 5 minutes @400° C in air

Process 1 | DG + DRY

Process 2 | DG + PKL + DRY

Process 3 | DG + DRY + RT

Process 4 | DG + DRY + FURN1
Process 5 | DG + PKL + DRY + FURN2

1} Contact Angle Studies — Surface Wetting by Aqueous Solution

One measure of the effectiveness of the treatments according to the present
invention is to determine the contact angle between the treated surface and the top

surface of a water drop sitting on the surface (“sessile drop™). In this detailed
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- SUBSTITUTE SHEET
description, the cont.ect'ahgle is ttetined a:s thel eitgtc ofineittenee betvt"een”the. -
eolid surfaee and the tiquid ‘both in the' j)resenee ef air, Phyeiealljf, this '
corresponds to the angle between the solid. surface 1tse]f and a plane tangent to the
droplet surface at the pomt of contact between solid, llqmd and air. Thls contact '
angle is related to surface mterface energles and the chemical bondmg of the
surfaces mvolved as seen by Wettabthty of the surface by various fluids and

| adhesion between surfaces. These surface energtes (and contact angles) are in turn
related to such controllable factors as surface roughness (Ra); the chemistry of the
base surface itself; the presence ot‘ absence of surface films or layers of oxides;
sutﬁdes, etc. (and their type); and the thickness of such surface films.
In this invention, the solid surface in question lS a permanent metallic surface of
copper all(ty, gither as part of a bttlk metal object oresa thinner Iaye.r. (but still

‘ Itermanent) deposited ona substr_-ate.i “Copper alloy” is used herein to refet' to any

copper conmining alle_\'r_ including just copper itself. The corttact-angle
measurements .(Method A) discussed hereitt were perfotmed with a single standard
fluid, lab-quality filfered defonized/reverse osmosis water (DVRO water) which
had been boiled to minimize and stabilize the dissolved gas content of the liquid.
Measure-ments were made on a variety of metallic surfaces treated aecord.ing to
the invention processes, using the sessile drop method. The actual measurements
of contact angle were made using a real-time capture camera/microscope setup.

L]

Drop Shape Analysis system). Measurements were taken every second for one

i4
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minute after dosing the surface with 0.003 ml of the “standard water” noted above.
The final contact angle after 60 seconds of contact was selected as the standard for
comparison in this study; this helped minimize variability in measurements due to

vibration of the test setup, lighting conditions, and air currents.

Results of contact angle measurements are shown in Figure 1.
Commercially processed material with an oil film remaining on the surface has the
highest contact angle and thus poorest wetting by the water used for the test. This
is expected, since it is a common observation that “oil and water do not mix”,
Commercial surfaces treated with hydrophobic tarnish inhibitors tolytriazole
(TTA) and benzotriazole (BT A) also exhibit high contact angles and poor wetting,
meaning that water (and aqueous solutions such as bodily fluids and many
cleaners) will not contact the surface so treated. These results show a similar
pattern for different copper alloys, although the actual data varies; results for
copper, red brass and yellow brass are given in Fig. 1. Surfaces treated by the first
process of the invention, hereafter “Process 17, show a consistently lower contact
angle than standard commercial processes for each alloy tested, and surfaces
treated by the second invention process, hereafter “Process 2”7, show contact

angles dramatically lower yet.

2) Copper Evolution Testing on Treated Surfaces using Simulated Body

Fluids [Immersion in Artificial Sweat|
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As a further measure of the effectiveness of copper alloy surfaces treated
according to the invention, tests were performed to determine rates of copper
evolution from the metallic surface in simulated bodily fluids. Since one of the
primary uses of such treated surfaces is in prevention of cross-contamination
between infected and un-infected hospital personnel, touch surfaces such as push
plates and door handles contacted by the skin of the hands (and thus by fluids such
as sweat) are of particular interest. A search of the published literature shows a
great deal of interest in metal evolution in human sweat, in large part due to
incidents of contact dermatitis. As such, there are a number of formulations of
“artificial sweat”, although there are few in published standard test methods and
these appear to be primarily directed at testing for nickel (Table 2). Common to
nearly all of the formulations investigated is the presence of salts, lactic acid, and
some nitrogen-containing substance simulating the amino acid residues found in
actual sweat. The proportions vary widely, although most are similar to commonly
used blood plasma extenders, and many formulations include other substances
(such as sulfides, ammonia, or ammonia salts) which would be expected to react

strongly with copper surfaces.
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Table 2 - Artificial Sweat Formulations
150 EN JIS RL-1
Component 3160-2 1811 | Unknownl | Denmark | Unknown2 | L0O848D Japan2 (PMX)
NaCl 20 g/l 0.50% 7.5gl 4.5 g/ 0.30% 19.9 g1 17.0 g/l 6.0 g/l
KCl 1.2 g1 0.3g1 0.3 g1
Urea 0.10% 1.0 g/l 0.2g 0.20% 1.7 g 1.0 gl 2.0g1
C:HO5
Lactic Acid 15 g/l 0.10% 1.0 ml/1 0.20% 1.7 g/l 4.0 g/l
NH,Cl1 17.5 g/l 0.4 g1 0.2 gl
Acelic Acid 5gl
Na,S04 0.3 gfl 0.10%
Na2§ 0.8 g/l
CH,0H
Methanol 1500 ml
NaC3H503
Sodium lactate 3.1gl
not not not not
pH 4.7 6.6 4.57 specified 4.5 specified | specified | specified
not not not not not not
adjusied by NaOH NH40H specified specified specified specified specified specified

One artificial sweat formulation selected for this testing is found in JIS

L0848D, which includes both NH4Cl (ammonium chloride) and Na,S (sodium

sulfide). Both of these would be expected to significantly corrode copper surfaces,

as well as being somewhat toxic to micro-organisms in their own right.

Subsequent testing with this formulation showed unexpected corrosion and

formation of insoluble films of CuS (copper sulfide). This corrosion product

would be difficult to analyze for by the selected technique, as well as being in a

non-bioavailable form and thus ineffective from an antimicrobial standpoint, so

testing with this formulation was discontinued. The other composition used is a

compromise between other less aggressive formulations found in the literature,

and is based on readily available medical supplies. This formula (referred to as

“RL-1") is made by taking Lactated Ringer’s solution (a common blood plasma
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extender used in cases of severe dehydration or blood loss) and adding urea in
quantities adequate to simulate the amino acid residues and protein breakdown
products normally found in actual sweat. The final composition is also given in

Table 2.

Copper samples were exposed to artificial sweat by two methods
(immersion and sessile drop). Immersion testing consisted of placing a treated
metal coupon into a large test tube with a known guantity of the selected sweat
formulation (generally 15 ml, sufficient to completely cover the sample). The tube
was agitated for the desired exposure time, after which it was removed from the
tube and rinsed down into the tube with a known quantity of lab-quality filtered
deiontzed/reverse osmosis water (DI/RO water). The total amount of artificial
sweat used was noted for calculation of dilution factors to determine actual
concentration of copper in the original exposure. The sessile drop method (“drop”
testing) consisted of pipetting a small quantity of the test solution onto the top
surface of a treated coupon held horizontally, exposing for the desired time, then
dumping the droplet into a test tube and rinsing the coupon into the tube with a
known quantity of DI/RO water. The quantity of solution which could be used for
the initial droplet exposure was limited by the surface tension of the solution on
the treated coupon. This method (while similar to the subsequent biological test
exposure procedure) had less copper surface area exposed to the solution, required

greater dilutions to provide sufficient volume for ICP testing, did not permit
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agitation of the solution on the surface, and resulted in greater variability of the
test results than the immersion test method. Copper evolution results presented

here are all by the immersion technique.

The exposed and diluted solutions were analyzed for copper content by
inductively coupled plasma spectroscopy (ICP) on an IRIS Intrepid II XSP Dual
View spectroscope from Thermo Electron Corporation. The copper detection
limit for this machine was 1.3 parts per billion (PPB). This is of the same order as
the minimum toxicity limit for copper in anti-fouling applications in seawater (1
PPB), so the presence of any detectable copper in solution would be expected to
indicate some antimicrobial effect, with greater effects at higher Cu
concentrations. Dilution levels were used to re-normalize the analyzed
concentrations back to the values appropriate during the actual exposures.
Analysis was also performed for other elements (Al, Zn, Ni, and Ag) as a check on

consistency of testing by ICP.

Fig. 2 shows a comparison between contact angle measurements for various
process treatments and the copper evolution into solution from coupons treated by
the same processes. For normal commercial processes, there is a generally low
rate of copper evolution, and there are indications that what copper does show up
is tightly bound and not available for microorganisms. For surfaces treated by the

processes of the invention, there is a strong correlation between contact angle and
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copper evolution; as the contact angle decreases (indicating better wetting of the

surface), the copper evolution increases dramatically.

Results of copper evolution into solution from treated coupons immersed in
artificial sweat RL-1 for various processing routes and surface finishes are given
in Fig. 3. Copper contents in solution for all processes associated with this
invention are higher than the results obtained from standard commercial
processing of strip with a benzotriazole (BTA) tarnish inhibitor coating. For
surface finishes B and C, results follow a similar pattern for all processes tested
(2-6 times increase in Cu content over the standard commercial process). For
surface finish A (the preferred embodiment), results are similar to other surface
finishes for some invention process routes, but other preferred process routes
(Process 2 and Process 5) show dramatic improvements, from 15 times to 25+

times increases in copper content in solution.

3) Microbiological Testing — Inactivation of Bacteria Exposed on Treated

Copper Alloy Swifaces

A further confirmation of the antimicrobial effectiveness of the processes of
the invention is actual testing with biological agents to show the rates at which
such agents are inactivated by contact with treated surfaces. The test method used

is a modification of an ASTM-approved method for the evaluation of the
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SUBSTITUTE SHEET
ant-im.icrobiai effcctiveﬁqss'of s:cjni'tize'rs dri'_jli'animépt;, ndnpor(_)us;,-'non-f'ot;d---
contact surfaces. The metf:od (ﬂiethod 33) uscd éqné%st;d of |
l | ]) * “Preparinga standard culture of the miﬁo-‘organisms t6 be
tested; " | . |

2) . Securing samples of the_ desired fﬂateriai}:», and/or treating the '
-samples acc(;rdirig to the desired tes.t conditions (the processes of tixe
invention and standar'd. materials for '(.:o.mparison)'

3) Exposmg the treated samples to a known quantlty of the
cultured organisms for the desired test time;

" +4)  Placing Lhe exposed coupon ina quantity of an appropriate
neutralizing solutxon (whlch will nexther encourage nor discourage further
growth of the organisms and will neutrahze further effect of the tested
surface) and uItra;onically treating the coupon to suspend any surviving
organisms into the neutralizing sblution;

5) Removing the test coupon from the -neutralizing solution to
further ensure stopping of the antimicrobial effects of the copper alloy
surface;

6)  Diluting the neutralizer solution (with surviving micro-

organisms) 1o an appropriate level to give readily-countable results after

21

AMENDED SHEET - IPEA/US



not specified not specified "~ One artificial sweat formnulation
selected for this testing is found in JI'S LO848D, which includes both
NHACL (amm@pgikgdshberide) and Na2S (sodi um sul fide). Bgidiebod/oeuaes
woul d be expected to significantly corrode copper surfaces, as well
as being sonmewhat toxic to micro-organisns in their own right.
Subsequent testing with this fornul ati on showed unexpected corrosion
and formation of insoluble filns of CuS (copper. sulfide). This
corrosi on producEXpRsurel apd eapeding & knows qariity Af thedilypd splatigrs ezt ed
techni que, as well as being in a non-bioavailable formand thus
ineffective fronPafi aiRhésdauicibivih astansperawth medibesfor tg ovghiisingi s
formul ati on was di sconti nued. The ot her conposition used is a
conprom se betmegaegkﬁer | ess aggressive fornulations found in the
literature, and is based on readily avail able nmedical supplies. This
formula (referred to as "RL-1") is made by taking Lactated Ringer's

solution (a comon bl l,asma ., ext ender. used in S 0 evere
dehydration or bl ood ?ggg$ﬂ§ﬁ8géﬁﬁ? Sﬂfggﬂﬁﬁpﬁﬁﬁﬁﬁﬁ%%%gm ﬁééaate to
sinmulate the am no acid residues and protein breakdown products
normal |y found i anemwagd srowslael comalile galoniessdlomerddyy qoaming theyi ven
in Table 2. Copper sanples were exposed to artificial sweat by

two net hods (i Mmeskinis oanddizaisl pRtet op) . | mrersion testing consisted
of placing a treated netal coupon into a large test tube with a known

quantity of the selected sweat fornulation (generally 15 nl,

sufficient to conpletgi yArﬁP&a@éulEﬁk\fl‘ﬁ]éﬁM &1 the 1R wiiRinYiass éﬂédlﬁﬁ&ﬁbf or

t he desired exposure tine, after Ich it was renoved fromthe tube

and rinsed down intqg. the t W t own quant.ity of. | ab-quality

F e e der onr' banstetad abd Bt bvilsl BR rt‘ﬁ%ﬁb"&/&?]\éfly “forpe, ity
amount of artificial sweat used was noted for calculation of dilution
factors to deter (CHE Bdn tha ongnaleolution usad 6 ranpiscthe iSWViHBE OF $agil sias
exposure. The sessile drop nethod ("drop” testing) consisted of

pi petting a snal froguairtdxpysef surfaget est sol ution onto the top surface
of a treated coupon held horizontally, exposing for the desired tine,
t hen dunping the droplet into a test tube and rinsing the coupon into

the tube with a knovvngg Uﬁﬁ%ﬂoﬂriﬁe@as%@a}ﬁ@f&rcom S&Haa%htbﬁingfquantity
solution which could be used for the initial droplet exposure was

limted by the sugface.tension of the soluti op t.he treated coupon.
This et hod (wh LG argian 0o i Bmied By BRalird 4 PRLES GRSBE -
procedure) had | ess copper surface area exposed to the solution,
requi red great er fen expopargdo the ¢appor ddoyssirface). gated; dnenpatedand agented
testing, did not permt

by the same methods.

Duplicate coupons of alloy C11000 with surface finish A (~10 Ra) were
tested for each test condition, and all dilutions were also plated in duplicate to
minimize the effects of variations in biological laboratory preparation techniques.
All exposures in this study were performed using Escherichia coli (ATCC 11229)
obtained from the American Type Culture Collection (ATCC), Manassas, VA.

Similar results are expected using other organisms of interest, such as
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agitation of the solution on the surface, and resulted in greater
variability of the test results than the i mersion test nethod.

Copper evolgizp@nsgesul ts presented here are all by the goWEnsi706v413

t echni que. The exposed and diluted solutions were anal yzed for
copper content by inductively coupled plasma spectroscopy (ICP) on an
IRIS Intrepid Il XSP Dual View spectroscope from Therno El ect ron

Corporatlon The copper detection |jmt for this machine was 1,

parts per Sigpiy pswceppgyeuswaﬁfisgai@orzﬂllat%eiW%@%@V@a&ee{l W@pmw%
toxicity limt for copper in anti-fouling applications in seawater (1
PPB), so bhtbrazakeséhowpitl-aequireddnesicahlid) adppemsiand fobdipoisoningu Stbcke
expected to indicate sone antim crobial effect, with greater effects

at hi gher c@mrEﬁ%%ha@Mtwﬁn APkt APRoULS Vefoe WRY, €0 BBt ViRorous growth
re-normal i ze the anal yzed concentratl ons back to the val Ues

approprlat dur| t he act S er formed
for. of her ObiE TS T TOSH e B A ok Bl lert Bie ISR r B o
testing by ICP Fig. 2 shows a conparison between contact angle
measur eneff theftepatodnoupors, snd dessspryivers werktsyspaaded He2@ ﬁépéiBUét@diQL@ iSon
into solution fromcoupons treated by the sanme processes. For nornal

conmer ci abuffécdsirs(0.6 idl KHP G, raengoddskinn phosphite ie DIRD pedter) as a
evol ution, and there are indications that what copper does show up is

tightly bg [h% ht, YRY %ﬁ{?{ﬁuffé]f wil éiéc?ﬁée‘&h%k §£‘B%eq1'|:é?ﬁ dﬁHﬁ&?sC Gnd

treated by sses 0 e 1 nvention ere 1s'a st
correlatign bet en contact angl e an C evol tion;

cont act aﬁ@?‘]egrﬂé’ﬁ? Qlégf‘émrp ﬁ%ﬁceg%tmyltge?&%f % sbe A Hpdow SRS ity fhfiee)

t he copper evolution increases dramatically. ' ‘Resul_ts of copper
evol ut i ongrowtb messliwmifontherstenkt qudtareschi do wpb rvsasi Ipnfer’SeNutinentBrath loged
sweat RL-1 for various processing routes and surface finishes are

given in Eiact and PORBAE) AANHE Rictliim f&ahe Pe@NdisREs @ldte PicAGRBSRES
associated with this invention are higher than the results obtained

from stan i
(BTA) "t ar AR g oftes it A3 E%%tgéuﬁic%@oﬁ‘ahﬁé%n% SR b,
results follow a simlar pattern for all cesses tested (2 6 times
i ncrease PRIHZAEIHEETe GPOPTIAE) W&PH&?"&“@@ AEY E&lto ?Y?c 5>rrqu®Fh'y

surface finish A (the preferred enbodinent), results are simlar to

ot her sur heatén fn pvehas2b40F 0 éwhereaaduiced ﬁor oceman teshabrditiols); othsher

preferred process routes (Process 2 and Process 5) show dramatic

i mpr OVGWEﬁﬂﬁlersﬁdrP(@? ﬂa@ﬂﬁﬂa@ﬁ% it 99%5 sé;ﬁ @?1 4186t aPeie LHulPRRRS content
in solution. M crobl ol ogi cal” Testing - Inactivation of

cont i  mat PY °Se%[rnanu£i§ﬁ SRR Fniskiaf br I oBE5H ples ebHBbalt o

the invention is actual t.e_StI w th biol ogi cal agents to show the
rates at iisnbation,diateyenhibitingell- B\%@@lomeé(ﬂatwpmm sedilyfian ware nsasd
surfaces. The test nmethod used is a nodification of an ASTM approved

met hod f ofortdaengy@lvhiaid sussidle; Idveer uBEPlatedMerSbéd at low. dilutions where
antim crobial effectiveness' of sanitizers on inani mte, nonporous;

non- foochégegga&y-surfaaes The nethod (Method B) :used consisted of:

For the purposes of this study, the absolute numbers of bacteria (CFU’s)
remaining on the coupons after exposure are not as important as the rate of

reduction (percentage or log;o decrease) from the original baseline number. EPA
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1) Preparing a standard culture of "the m cro-organi sns to be tested;
2) Securing sanples of the desired materials, and/qQr treating the
sanpl es acgentingoit® the desired test conditions (the pranssasssnis

the invention and standard materials for conparison); 3)
Exposing the treated sanples to a known quantity of the cultured
organisnms for the desired test tine; 4) Pl aci ng the exposed

coupon in quantity of an appropriate peutralizin ol utlj on (which
will neit AheYa reyareRRNieie At -?‘?ﬁ’rfF rtiongp Cht Olt G &arisms
organisnms and will neutralize thither effect of the tested surface)
and ul t r a€olviggaktiyctiondatGHg) bdhebtemegd an compsedpe the basglisaitoshevi ng

organi sms into the neutralizing solution; 5) Renpving the test
coupon freiddfedefidiRbl & Mg was teltABadreddl 'sbhigit 18 Astedet PRYI ng Of
the antimcrobial effects of the copper alloy Surface; Diluting

the neutralizer solution (Wth surviyi m r gani sns. L n
appr opr | aPIBirerae By PLL J1580 fesichen ML EFBCHAT R & hed S Avenoeo
SHEET - | PEA/US_ exposure, and exposing a known quantity of the
di | ut ed setmpared 4o simikedpia fgomiasker soutiesphithe HHWOI?IM%EC@WWSH of
medi um for the organi sns sel ected;

copper alloys not treated by the methods of this invention.

Results of microbiological exposure testing are presented in Fig, 4 through
Fig. 7. In all cases, results of exposures using one of the processes of the
invention are compared against exposures of samples treaded using normal
commercial processing and coated with BTA as a tarnish inhibitor film, a normal
condition for copper alloy mill products. Fig. 4 shows the results of treatment by
invention Process 2 (DG+PKL). Surfaces treated by this process show a 3 log,
reduction in CFU (99.9% reduction in active bacteria) after only 30 minutes
exposure, with complete inactivation after 45 minutes. Commercially processed
material with a BTA coating shows only a 2 log, reduction in CFU after 90
minutes exposure (the longest used in this study). In a 2005 study, Michels et al.
shows complete inactivation of a different strain of E. coli after 90 minutes,

although surface finish and presence of any anti-tarnish films is not reported.

Fig. 5 shows results of biological exposures using invention Process 4

(DG+PKL+FURNI1). Surfaces treated by this process show a 3 log;o reduction in
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7) Incubating the exposed plates (prepared Petri dishes) to encourage
growt h of countable colonies, followed by counting theg col onies on

i ndi vi dualwphei7a$ii73 8) And cal cul ating (based on t heTkywn069413
gquantities of solutions transferred and dilution |evels) the nunber
of colony-formng units (CFUs) in the original solution used to
remove the surviving organisns fromthe exposed surface; 9) To
provide b ineg data for. cogparison, ,a matchin uantity of. the

O i nal - CRGaR gy o e o i Wikh CORRBIRP SShe T Ao TR0 PUSp
for exposure to the copper alloy surface), plated, incubated and
count ed bgxposeresane mnet hods. Dupl i cate coupons of alloy C11000
with surface finish A (-10 Ra) were tested for each test condition,
and all dilutions were also plated in duplicate to mnimze the

effects of varFig! 6 ohews reshit9bPBiioteticdl @Rpssateadrisiny RPantasn Pidcess 5
techniques. All "exposures in this study were perforned using

Escherich . ' . ' : t
ol oct | oD P Re Oy TORHNR SSETboRTEERTE] i B IT IGHE THRGiciti 0" ©
Sal monel | Bl ASi{PER ok e PRt SRS e

hospi tal -acquired (nosocom al) infections and food poi soni ng. Stock
cul t ur es imactivitionwber d fanre GO mireast e®stieurAll detookbtheqeefetredensur e
vi gorous growth of the organisnms. Twenty micro-liters of stock

cul ture WeioBedsssieBrshbROFubticamtPlastch feducAh 8 a&RAOPY s @0thohe
survivors were suspended in 20 nil” of Butterfield s buffer solution

(0.6 MM K] -12P nopot assi um S e i.n DI /RO er) . .as,.

SRR R R S R el S SR R S
dilutions, and final gromh plates were inoculated with 20 m of the
di | uted stspessd gnprevinelygrlsheddafium for the stock cultures of E
coli was DifcoTM Nutrient Broth (beef extract and peptone) and the
medium for the Petri dishes (plate nedium was DifcoTM Nutrient Agar,
bot h from Bectléig, 7 Bhaks asompansbrdoetyacry theSprandred find.coBtragriclal zat i on
(where appropriate) was by neans of steam autoclave (preferred), dry

heat 'in aﬁko@é’s%ih%@in@@&nﬁ@l‘&aﬁ Whanhesh BRI hnti Ghat 41 B118d, IR hot
conditions), or by Inmrersion of instrunments in 99% i sopropyl

al cohol . Blate counts were r.f or ual | Vi xam. nation
of “he expodis IRl WG RSEM AR o R Rorthll SnBE AR g
20-300 colonies (at a particular dilution) were used for counting
wher e poseQmsiiéons| shawr simplanbelsvinre withdew rass of Hmaciivytion ofibe §KROSEAer e
necessary. For the purposes of this study, the absol ute nunbers
of bact erbatdridHdndy 11iedrkigy reduciiod imeCEU uifien 60-&0teinueshdSantsctanglenot
as inportant as the rate of reduction (percentage or |ogi o decrease)
fromthe gl i i i : i

state thataRy ROy P agh M FoRtiiopT fud BydrFate IR0 Md AU TRERS
reduction ip. CF he obtaiped.as.conpared to the baseline to be

consi der e%fl‘gtlhfsé%‘a]i q}&anglg}e% H?Cgt}\?/jgglf%&?m?ﬁgﬁ@gfel S&fﬁ?&sought inthe
study. The exposure time required for a 3 log io reduction in CFU was
determ ned and conpared to sim |ar data from ot her studies of the
antim crobi al @r¢ embpdisreas of gie iavpgpian Rl bpdurther desaabeskbpiefengace to
nmet hods of this invention. Resul ts of m crobiol ogi cal exposure
testing ame follewhigtexdniple:Fig. 4 through Fig. 7. In all cases, results
of exposures using one of the processes of the invention are conpared
agai nst exposures of sanples treaded using nornal conmerci al

processi ng andc %ﬁoyisfr}p B Po@Ssedl hahd idiredMicRhdSQ! arfiehi®d 18 sOREI8!
condition for copper alloy m'Il products. Fig. 4 shows the results of

AR RO 5638 PR AR R B T
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CFU at slightly nore than 45 minutes, with conplete inactivation
after 60 m nutes exposure. Fig. 6 shows results of biological
exposur es weiag/iwnvent i on Process 5 ( DG+PKL+FURN2) . Surdcanesowrnesizd
by this process show a | ower reduction in CFU at 45 mnutes (only 2
| ogo reduction), but a sharp transition and conplete inactivation
after the sanme 60 m nutes exposure. three of the preferred

Al l
processes st show a sjqgnificantl st.er ,reduction.in active
CrU 5 (4000 Bk et Sirresg o epled B HiEh e it BB 1 <o
conpl ete inactivation) conpared to previously published data.
Fi g. 7 shipadedindo theaiollgngmpbstandsithe h@l;smmdé%dnﬁs loated triorérecioling
processing (including BTA as a tarnish inhibitor) and materi al

rol I ed, bl Bad rélledadele AhalaBRkAgks iohd of nices padsad. Thé sr@icerflish ng
mll lubricant. These two conditions show simlar behavior, with | ow

rates of | I 1 - e s - i
reductionkﬁﬁﬁéiéﬁg%?gpﬂéﬁﬁggoﬁ%ﬁﬁ?gg§$a%%%ggg?ﬁgﬂ% %ﬁE%H§F@§ﬁ£ oggd
both of these, conditions had poar wetting and high contact angles,
and t he nilley équ@aaﬁﬂ@l%aKm@naisgﬁ@%qulwghnrs@ec%&ﬁgqaés %"ﬁ’@é&éd?“

One enbodi nent of the invention shall be further described by

r ef er enceother facer§ &hdwenitm thoss akipled in the art. Chimpdesirat] Isosfacst finigh of the
processed to the desired thickness, annealed to soften and cl eaned by

normal pr RARASEYD {1oul @ BB BBtwRth demdl I(PMIdrH enchiel RR; Pref@ablkQhisifiath
rolling. Work rolls with surfaces intended to give the desired

surface fi,ni are |l oaded jpnto.the rollin 111, stand:, the stripdn
o | 1 or s bERERR A B Riged fnchh Rl bt b By bEfucthie Ayd

t hi ckness in one or nore passes. The surface finish required on the
wor k rol | $4 mictodsehes Ray Follovdas relbagsersgaein oal fopmyip foadgd 98I0k on t he
all oy, incom ng hardness, incom ng surface finish, reduction pass
schedul e, semiccaattineoud clesding liko awd tlicorebidaskroflkig lubdcams témsoadtusing e
desired surface finish of the rolled strip should be between 2 and 50

<10 ! PRSIk ke b 31 S0 Gl Pt orgd, 5
o ORISR B Sy L ok AR S

renoved using a commercial degreasing solution, rinsed with water
(wi t hout fppl the gleaningdineds igurasibaskiintotagail & epsenofitranspyrt. Shitingrtoed
with hot air. The dried strip discharging fromthe cleaning line is

formed bagikali widéh @&gdkaéﬁg feastipMient {RDEPBE perfrmedt witly niiginidl @elays
wi dt h and packagi ng for shipnment should be perfornmed with mnim

del ays to L L i f strip
wni o ey DB A Fes S8 o BRE RRRIANp S HAA B ol Gl B

tarni shing and sl.ight oxidation of the strip surface i s _expected as
part of tHeughoessionbletayhpeusiemet. i Hpanalitgrmighingand %’:ﬂhéPXIG@B%P? i es
of the strip. Ceaning my be perfornmed either with or w t hout

brushi ng the sknigh furfiape insxpeetaicat paot éfuthe ipescesedndmay be bsuefiadeaof i ni sh.
A further enbodi ment of the invention shall be described by reference

to the f%tﬁiﬂcﬁ%imﬁg&%s of the st PORIanfld @Yy 86 héloinedéiftied $afdort O
the desired ready-to-finish thickness, anneal ed to soften and cl eaned

R R e S R R T

surface finish are loaded into the rolling mll stand; the strip in
coil formis loaded into the rolling mll and rolled to the fina

t hi ckness in oftduthergankodimenteaf thepaveatipp shall bs descrbed By relerenss 19 he
work rolls to result in the desired surface finish will depend on the
al l oy, i nterfoligwhayekaegde: i ncom ng surface finish, reduction pass
schedul e, and other factors known to those skilled in the art. The
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enbodied in this invention. The dried strip discharging fromthe
cleaning line is forned back into a coil for ease of transport.
Slitting twofworakorss dt h and packagi ng for shipnent showWad/us2007/069413
performed with mnimal delays to prevent excess atnospheric oxidation
of the uncoated strip which may be visually objectionable to the
custoner. Normal tarnishing and slight oxidation of the strip surface

is expected as.part aof the process an .be benefigci.al .

antimor obi a GhasAiPE S Bt PRI e BETh BiFksd
either wwth or without brushing or buffing, as needed to further
refine thanneakeddesoftemprdcleanas by nenmal groagysasdo pung wr orddes fjom the ngl e
continuous cleaning line if equipnent for both degreasing and acid

t reat nent strip pRoRicd SBhEolIDid) EWNKIS Bollstwiels Surbiues aitbndsl Ryvate Riekiral med
on two separate cleaning lines. If perfornmed on separate cl eaning

at the 11 TP Se )Gl AR rAkRE by Rlarte LBRRAD e Pl Pt

acid treatnment, but ng such inhibitor is to be applied follow t he
final tr em&ﬂre&l&wéaﬁ@lkﬁiuP tﬂ?“h@‘?@l thlc}mes)&“? 9‘%)%?10%%8?%  of
the invention shall be described by reference to the follow ng

exanpl e: surfaceCopghereqairédygn sher wprk wllp to cesskenl theydesoedabrfacenmeskc ivall

nmet hods to a desired surface finish of the rolled strip between 2 and
50 mcro jgshaontae anbﬁ,fiﬁé&ﬁin¥ HaRdriesé, iifdothingRaHhek Rfishalweaibrdpand 36
m cro inches Ra; and nbst preferably between 6 and 14 mcro inches
Ra. The strip e e.shipped, as- i r.d ease Q i f.desiired for
subsequenteeBR it Sre HEREE KRk fo Hosh SRBARTfhs 20 s odfift sty
WD 2007/ 140173PCT/ US2007/ 069413 to renove oxi des fornmed during the
anneal i ngfipisb©f &he roigd isain shyuld babetwgen 2radOrmistoriichpeRacpretaablyt h a
hydr ophobi ¢ tarnish inhibitor to preserve the surface condition and
appear ancéiofinishghsiildibe bebivedn 4 and 36 hdcrodnehed Raytaad inost predetaplr t s by
normal conmerci al processes such as stanpi ng, draw ng, bendi ng,

coi N1 9. Bieed BSHA (IEHARIMAERACEOIISAM i IRSQrip/th b doris he

art. The strip is then forne Inis ts as desired.

Fol I owi ng, fqrm ng and .eit her before oy aft f mal, assenbl .and prior
Fo ot aconkitedpRBEy tootBbe R g fing ot e ERp SFERTR Hpucis hneq
with a comercial degreasing solution to renmove remants of oils,
waxes, antengrveddsinaseamaerdidrdegregsingisohuiont snsaeddwish watarsweateg tith a
wat er (wi thout application of a hydrophobic tarnish inhibitor),

and/ or dr jgdtion bhadi@appiopriattte rédiide Or el$sselve uhétalneiidérasneh e ftrity eat ed
wi th coatings, |acquers, paints or other polyner finishes prior to

said trea Hﬂﬁ £35S} t %ﬂﬁgg : o)
be treat egd W {chp En agﬁg,@@fﬂr{)@}léﬁn@ggﬁﬁgﬁgd% v('ré). :ﬁiﬁ? ur%(téd}g#ﬁ]
<30% as noted above (to whjch nmay be adde oxj dj zi ng agent. such as
hydr ogen %P%eag?tlwfoﬁulﬁmﬁgeﬁf wn@b@fﬂ}ofg ?w whishimadhs #dt28n of a
hydr ophobi ¢ tarnish inhibitor) and/or dried with hot air. The

f or med paoxidizimy ageng sudheast nelno g Eroxade)) éofievasd gringing ediflbentat el y
change the oxidation state of the copper alloy surface, increasing

the bi oav Ewig?&ig ia}g%li&fti_ohhﬁ aQRRIPShoBlc ﬂaﬁﬁsl%ﬂﬂﬁlﬁﬁﬁﬁtaﬁd@lﬂﬁﬁg GAtH A& air.

anti m crobi roperties. This may be acconplished by any of a nunber

of met hod inel udi ng _exposur.e in akr .(or VO

20077 1401 TapenTestoud rERBRR G Ih Blreatly 53 S mogs Pisekly 190%
nunber of constituents such as 02, |i,, N,, or_ compounds of Ag, P, S
N, C, et cHydegen@siside consenti(ioned) ic preferablisgb5 % andrmmergirefgmbly fs
by treatnment with solutions of sulfides, halogens, salts and dilute
aci ds; by3%. eatheeadidyaddioxidiAiig dgenthingl boxgedas Wal; théssxadeglle rer at el y
added; by treatnent with solutions of hydrogen peroxide or simlar

oxi di Zi NGjIRGERES: o) InQLNES: ARLAGED HORHR b RidaN8R B BlE ddneil bRntfs
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inhibiting filns on the surface so treated for antimcrobial effect
are the fundanental portions of this invention, The coppes and
copper al lwp2eurrth@mces of the present invention coul d becrasdonrinss13
nuner ous applications, including but not limted to: Medical

i nstruments Appliances Lighting devices and controls Pl unbi ng
fixtures Hand tools First Aid devices Vehicle touch surfaces

AR A Sl A N

Y ad Yack nio 2 coil for ease of tanspor. Sithng o fnal width ind packaging
for shipment should be performed with minimal delays to prevent excess
atmospheric oxidation of the uncoated strip which may be visually objectionable
to the customer, Normal tarnishing and slight oxidation of the strip surface is
expected as part of the process and may be beneficial to antimicrobial properties
of the strip. Cleaning may be performed either with or without brushing or
buffing, as needed to further refine the surface finish. The cleaning may be
performed in a single continuous cleaning line if equipment for both degreasing
and acid treatment is available; otherwise, these operations may be performed on
two separate cleaning lines. If performed on separate cleaning lines, a
hydrophobic tarnish inhibitor may be applied before drying at the first line to

provide surface protection to the strip before acid treatment, but no such inhibitor

is to be applied following the final treatment step before slitting.)

A further embodiment of the invention shall be described by reference to

the following example:

Copper alloy strip is processed by normal commercial methods to a desired
surface finish of the rolled strip between 2 and 50 micro inches Ra; preferably this
finish should be between 4 and 36 micro inches Ra; and most preferably between
6 and 14 micro inches Ra. The strip may be shipped as-is or degreased, or (if

desired for subsequent forming processes) may be annealed to soften and cleaned
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Cell phones and tel ecom Conmputers (keyboards and peri pheral s) Masks
and breathing apparatus Ml d proofing in building products and .
const ruct iwn.2007140174hr oughout thi s description the ter mCTdEgoEA644NT)
and cleaning are used repeatedly. It should be understood that
nuner ous al ternate ways of cl eani ng/degreasing the surface are
contenpl ated including but not limted to: 1) Abrasively clean/grit

o 11 0, )RS OSSR AR B SERLIR I SRR Ao o

Application of ultrasonic or other acoustic activation 6) lon mlling
for speci sripripal baroaipgpwitha ivsigephobic tarnish inhibitor to preserve the surface

condition and appearance of the strip which is to be formed into finished parts by
normal commercial processes such as stamping, drawing, bending, coining, etc.
These methods are well known to those skilled in the art. The strip is then formed

into finished parts as desired.

Following forming and either before or after final assembly, and prior to
placement of the article into service, the article(s) are cleaned with a commercial
degreasing solution to remove remnants of oils, waxes, and greases used as
forming Iubricants and/or rinsed with water (without application of a hydrophobic
tarnish inhibitor), and/or dried with hot air. The articles should not have been
treated with coatings, lacquers, paints or other polymer finishes prior to said
treatment. Subsequent to the degreasing treatment, they may also be treated with
an acid solution as noted above. Ex: Sulfuric acid <30% as noted above (to which
may be added an oxidizing agent such as hydrogen peroxide) and/or rinsed with
water (without application of a hydrophobic tarnish inhibitor) and/or dried with

hot air.

The formed parts may also be treated after degreasing to deliberately
change the oxidation state of the copper alloy surface, increasing the bioavailablity
of the copper at the surface to enhance the antimicrobial properties. This may be

accomplished by any of a number of methods, including exposure in air (or a
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I'n one enbodi ment it may be preferred to do all of the fol I ow ng: Use
ultrasonic+ a andoic electrolytic clean + and cat hodi c chem cal -
mlling Gveiz7hsdi7sret hod of creating copper strip conmrUTSISag70bE13

steps of: a. providing copper alloy strip to be processed
to a predeterm ned thickness and with a predeterm ned anti-m crobi al
characteristic; b. the copper alloy strip is anneal ed,;

AR e e

form intoarolling mll and rolled to a predeterni ned thickness;
e. the coppeampgundy ofAg, |, Ral, &, sigrfad anpasaigrasdeem et woda 590 ofos0
mcro inches, a nore precise range of surface roughness is determ ned

at | east variqarimeés)byefcdaanan wiflosolsaornt dfrsalikies) Inlogshs pelts -andl dilatei al
characteristic; f. the copper alloy strip, in coil form

i s | oaded, i:fQ{i. ' ' heh | | = ' to
rmove. angdilh B Pl ol WINch bfyth Haf BEn BADerfOR ALY
solution is used to renmove such lubricants; . . ... h. the copper
al l oy st rFpaent Wﬂfgéﬁﬁwopﬁ otiﬁy@fpg%aer&mdtscﬂr similar oxidizing agents; and
other methods known to those skilled in the art. The intent of this treatment is to

make the surface more chemically active, rather than the normal commercial

practices of preventing oxidation of copper alloy surface.

It should be noted that the above examples are illustrative only, and do not
restrict the application of the principles behind this invention. Other specific
equipment may be used to achieve the desired surface roughness or finish; other
solutions may be used for removal of oils, greases, and other surface films;
different acids and concentrations may be used, and oxidizing agents other than
hydrogen peroxide may be used as well. The principles of creating a specific
desired surface roughness or finish, and/or subjecting the copper alloy surface to a
commercial degreasing treatment to remove hydrophobic surface films, and/or
treating the surface with acids and/or oxidizing agents to enhance the contact angle
between the treated surface and aqueous solutions and increase the bioavailability
of the copper in the treated surface, and/or subjecting the surface to a suitable
atmosphere and temperature to further enhance the evolution of the copper ions,

and/or specifically excluding the used of hydrophobic protective and tarnish-
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i . tthe copper alloy strip is formed back into a coil; and
j. the copper alloy stripis slit to form predeterm ned w dths and

packaged f\Qp 2803 RfBNt W thout any coating di sposed therggiysshizfobos1s
i solates a side of said copper alloy strip from at nospheric oxygen.

Claim 2. A nethod of claim1l wherein said surface roughness i s between
4 and 36 mcro inches. Caim3.A nethod of clains 1 or 2 wherein
said surface roughness is between 6 and 14 nmicrqo inches Ra. Caim4.A
net hod of indiibjfing Timg outke surfrace sp dregiggjer antimisyobiplaffect aretthgat ed with
an acid configured to dissolve netal oxides. Caimb5.A nethod of

clai ms 1- fundageaiab psaioss @€ vids iisveatibi.uri c acid of less than 30%
concentration. Caim6.A nethod of clains 1-5 wherein said sulfuric

acid is conmbined with
The copper and copper alloy surfaces of the present invention could be used

in numerous applications, including but not limited to:

Medical instruments
Appliances
Lighting devices and controls
Plumbing fixtures
Hand tools
First Aid devices
Vehicle touch surfaces
Processing equipment for produce and meat processing Packaging
Agriculture
Grain or food storage
Water/food dispensing
Ear tags
Dairy and meat processing
Fast food and commercial restaurants
Cell phones and telecom
Computers (keyboards and peripherals)

Masks and breathing apparatus
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an oxi dizing agent. Claim7.A method of clains 1-6 wherein said

oxi di zing agent is hydrogen peroxide. Caim8.A nmethod of clainms 1-7
wher ei n sayg 25d4bfiss ¢ acid is between 10%to 20% conceficratdfR 080

t he hydrogen peroxide is in a concentration of 0.5 to 3% C aim 9. The
met hod of clains 1-8 wherein said copper alloy strlp is dried with an
application of a heated blown drying air. Caim10. A nethod of
providing a solution with continuously replenishing copper dissolved
therein, the M@ﬁ@@ﬁﬁﬂﬂbpﬂ@lﬂgw (ﬁ(fODMIUCUOH a. providing
a nass of solid copper alloy having a copper alloy contact surface;
wherein the copper alloy contact surface has a predeterm ned surface
roughness charBEatoephaittithis aestriptionsbe tirams edgpaside ed oleapthg are nsed
characteristic for killing mcrobes; b. said copper alloy
contact S gfe@t%&lybﬁ' s'ﬁgulfdrlﬁ',eurﬁfers‘i‘ébﬁ ﬁ’@f ﬁlhrﬁéro‘ﬁﬁ’attélﬂgtetxbﬁ}?setﬁf” whi ch
covers said copper alloy contact surface, isolates sdid copper alloy

contact cleaning/degreasing the surface are contemplated including but not limited to:

1) Abrasively clean/grit blasting

2) Cathodic cleaning/degreasing

3) Anodic cleaning/chemical milling

4) Electrolytically and electrochemically cleaning

5) Application of ultrasonic or other acoustic activation

6) Ion milling for special medical applications
In one embodiment it may be preferred to do all of the following:

Use ultrasonic+ a andoic electrolytic clean + and cathodic chemical milling.
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surface from exposure to atnospheric oxygen and further provides said
copper alloy contact surface with an increased wetting angl e;

c. said copper alloy contact surface being a surface configured to
provi de a continuous source of copper; d. directing

pl acenent of said nass of solid copper alloy by advising users that
depl oyi ng said mass of copper alloy with said copper alloy contact

surface wth,and, becays i 1 . .Skl Cefor
11 1ng m crUBBELT nt o afedn PRbieRhE CabR Ry AF EufP PR el &
exposure to contact with a human hand or caontam nated particles

provi des for a reductPeMiding FORRET RHOWSHID oderiggesssediiosppedgtesmings) d
copper alloy contact surface. Claim1l. The nmethod of claim 10 wherein
sai d stigpkrads dhd adth mPreﬂbt@ﬁrﬁﬁ‘i‘eﬁtanﬁQﬁiHrblSieBcﬁdﬂmtsﬁismﬁ of :

manuf acturing a useful object fromsaid nmass of solid copper alloy

and advising usegrs t i f s | as anti-m crobi al
properties. d a;%rr'n 12%&38%%%@93&%%2%5%@ or 11 wherein said
useful object is a coin mnted by a governnent and rel eased fo

di stribution. Cfaim 14¢ACRRR! Y@mlaé%qlsaﬂeﬁgoa%%ﬁ&da%p{m Wgt[“éal
useful article wth an anti-mcrobial characteristic conprising the

-

st eps aflling; determ ning that an anti-mcrobial characteristic is
a mni mum desi gn requirenent of a useful article;
d. the copper alloy strip is loaded, in coil form, into a rolling mill and

rolled to a predetermined thickness;

€. the copper alloy strip has a surface roughness between 2 to 50 micro
inches, a more precise range of surface roughness is determined at least in part in reliance
upon said predetermined anti-microbial characteristic;

f, the copper alloy strip, in coil form, is loaded into a cleaning line

which is at least semi-continuous, to remove any residual rolling lubricants;

g. a degreasing solution is used to remove such lubricants;

h. the copper alloy strip is rinsed with water and dried,;

1. the copper alloy strip is formed back into a coil; and

j. the copper alloy strip is slit to form predetermined widths and

packaged for shipment without any coating disposed thereon which isolates a side of said
copper alloy strip from atmospheric oxygen.
Claim 2. A method of claim 1 wherein said surface roughness is between 4

and 36 micro inches.
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deternining a surface roughness characteristic of a contact surface
on the useful article based at |least in part upon a m nimum

requi rement for an anti-mcrobial characteristic; providing a
copper alloy contact surface configured substantially to conformwth
sai d surface roughness characteristic so as to continuously provide a
source of copper to be dissolved in high concentrations into a
sol ution di ed on r Y. : i A
nmet hod of reo%ics:nl %‘g t r%ﬁgﬁlﬁggggﬁlaﬁiggiogea‘g%&%%ln%lrf‘irl é‘?‘ﬁ%"%@égﬂé‘@ es%is of :
provi ding a copper alloy surface on a door at a location that is

desi gnbetesneaokt BEe®@dneResRpuman hand when the door is being
opened; sai d copper alloy surface having a surface roughness of
6 to 14 m cOkiiméhes Ramethdd bétlhadmb 1 ewhbreimnyaid cappergalloyatio iy tndrteh
tends to increase a wetting angle of the copper alloy surface; and

depl Oy![“ﬁﬁl §J1§cig98ﬁ 1#15(}‘68 tg'aﬁ%lkr@lmetg (ﬁéiggz 15. The method of clainms 1-14

wher e e copper a y has a contact angle of |ess than about 75 as
nmeasured by Method A Caim 16. The hod of cl aing. 1-14 where the
copper al | o@fﬁggi?-a cofitiBg 0@9391@@? Trt WG ereiseid Dotk is SBBULS A ¥ e dhan
by Method A. Caim17. The nmethod of clains 1-14 where the copper

al | oy B8%: eorcentraitdn.

Claim 6. A method of claims 1-5 wherein said sulfuric acid is combined with

an oxidizing agent.

Claim 7. A method of claims 1-6 wherein said oxidizing agent is hydrogen
peroxide.
Claim 8. A method of claims 1-7 wherein said sulfuric acid is between 10% to

20% concentration and the hydrogen peroxide is in a concentration of 0.5 to 3%.
Claim 9. The method of claims 1-8 wherein said copper alloy strip is dried
with an application of a heated blown drying air.
Claim 10. A method of providing a solution with continuously replenishing
copper dissolved therein, the method comprising the steps of:

a. providing a mass of solid copper alloy having a copper alloy contact
surface; wherein the copper alloy contact surface has a predetermined surface roughness
characteristic and an associated predetermined characteristic for killing microbes;

b. said copper alloy contact surface being free of any barrier coating

thereon which covers said copper alloy contact surface, isolates said copper alloy contact
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angl e of |l ess than about 25 as neasured by Method A. d aim 18. The
met hod of clains 1-17 wherein the copper alloy has a 3l 0gl0 reduction
in colony formng units in | ess than about 60 m nutes as neasured by
Met hod B. O aim19. The nethod of clains 1-17 wherein the copper all oy
has a 3logl O reduction in colony formng units in |ess than about 45
m nutes as neasured by Method B. C aim 20. The nethod of clainms 1-17

ther e B SOPREROELTY Jf5uent B8 e AECURAEDG Gt

S neasured

contact surface with an increased wetting angle;

C. said copper alloy contact surface being a surface configured to
provide a continuous source of copper;

d. directing placement of said mass of solid copper alloy by advising
users that deploying said mass of copper alloy with said copper alloy contact surface with
and because of said predetermined characteristic for killing microbes into an application
configured to facilitate exposure to contact with a human hand or contaminated particles
provides for a reduction in live harmful pathogens disposed on said copper alloy contact
surface.

Claim 1}.  The method of claim 10 wherein said step of directing placement
comprises the steps of:

manufacturing a useful object from said mass of solid copper alloy and advising
users that said useful object has anti-microbial properties.

Claim 12.  The method of claims 10 or 11 wherein said useful object is a coin
minted by a government and released for distribution.

Claim 13. A method of designing and manufacturing a useful article with an
anti-microbial characteristic comprising the steps of:

determining that an anti-microbial characteristic is a minimum design requirement

of a useful article;
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determining a surface roughness characteristic of a contact surface on the useful
article based at least in part upon a minimum requirement for an anti-microbial
characteristic;

providing a copper alloy contact surface configured substantially to conform with
said surface roughness characteristic so as to continuously provide a source of copper to
be dissolved in high concentrations into a solution disposed on the copper alloy contact
surface.

Claim 14. A method of reducing transmission of disease comprising the steps
of:

providing a copper alloy surface on a door at a location that is designed to be
contacted by a human hand when the door is being opened;

said copper alloy surface having a surface roughness of 6 to 14 micro inches Ra
and being free of any coating thereon which tends to increase a wetting angle of the
copper alloy surface; and

deploying the door in a hospital.

Claim 15.  The method of claims 1-14 where the copper alloy has a contact
angle of less than about 75° as measured by Method A.

Claim 16.  The method of claims 1-14 where the copper alloy has a contact
angle of less than about 50° as measured by Method A.

Claim 17.  The method of claims 1-14 where the copper alloy has a contact

angle of less than about 25° as measured by Method A.
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Claim 18.  The method of claims 1-17 wherein the copper alloy has a 3log10
reduction in colony forming units in less than about 60 minutes as measured by Method
B.

Claim 19,  The method of claims 1-17 wherein the copper alloy has a 3logl0
reduction in colony forming units in less than about 45 minutes as measured by Method
B.

Claim 20.  The method of claims 1-17 wherein the copper alloy has a 3logl0
reduction in colony forming units in less than about 30 minutes as measured by Method

B.
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