ANTIMICROBIAL COATINGS AND METAL PRODUCTS CONTAINING THE SAME TECHNICAL
FIELD 5The present application is generally directed to an antimicrobial coating and a product
comprising the coating. The present application is also directed to a process for preparing an
antimicrobial coating and a metal product comprising the coating. BACKGROUND 10The antimicrobial

icrobial coating and & metal product compriing the \D 10The antimicrob
metal are A G A BT T Lo R

metal or non-metal to form an antimicrobial metal§g, &o@ting. Patent application WO 99/64640 Al to
Yokota Takeshi, et al discloses a stainless 15steel having antimicrobial properties. When continuous
cast having different continuous casting rates is performed, a stainless steel having different chemical
components is prepared by a steel-makingﬁ?gggjg%, ﬁ? gjﬂ%h chrome is more than 10% by weight,
silver is 0.001-0.30% by weight and silver € 0005% by weight. 20Patent application

WO 99/47721 Al to Tothihsradvisgidicetiah disglasesianirptimiciobiahstainlessistesh:h stainlgss steel
having different chemical components is obtained by smelting, in which chrome is more than 10% by
weight and%ﬂéé?tiscﬂw.‘%@&-g%W%gﬁh%%@%é’ﬁ’@é‘ﬁ%@&srﬁ@ﬂs 4HaA Ol 0019/ teesaie4 ratio of
at least on he silve icles, silver. oxide, and silver sulfide. 25Patent application CN 1687200 A
Dehuan Hgﬁh%%gl%ﬁ é‘fgﬁééﬁ& gp%%%%%%é?%Fgg%éiﬁﬁoénﬁ%%?l Sial | r%%iC(V‘gé%/\%h%"inorganic
nano-silver loaded powders. Among other things, the modifier is used to modify nano-silver powders in
which inorganic superfine powders are carriers, and then the modified silver powders are spin-coated
on the processed surface of the plastics. Theésetls g liniermly dispersing and keeping the 30initial

meCh?Cnical pmpertiesﬂgéqgtﬁ]rﬁﬁﬂﬁﬁzﬁe}ﬁel?ﬁsal%h{ﬁé/ %gi'or art mainly resides in: (1) the existence in

the form of an alloy, i.e. the antimicrobial metals are cast with other metals to form an

alloy; and (2) independently coated on the surface of a metal or non-metal to form an
antimicrobial metallic coating.
Patent application WO 99/64640 Al to Yokota Takeshi, ef al discloses a

15 stainless steel having antimicrobial propertics. When continuous cast having different
continuous casting rates is performed, a stainless steel having different chemical
components is prepared by a steel-making technology, in which chrome is more than 10%
by weight, silver is 0.001-0.30% by weight and silver oxide is more than 0.0005% by
weight.

20 Patent application WO 99/47721 Al to Tochihara Misako, et af discloses an
antimicrobial stainless steel. A stainless steel having different chemical components is
obtained by smelting, in which chrome is more than 10% by weight and silver is In
0.0001-1% by weight. This steel comprises more than 0.001% total area ratio of at least
one of the silver particies, silver oxide and silver sulfide.

25 Patent application CN 1687200 A Dehuan HUANG, ef al discloses a process
for preparing antimicrobial plastics with inorganic nano-silver loaded powders. Among
other things, the modifier is used to modify nano-silver powders in which inorganic
superfine powders are carriers, and then the modified silver powders are spin-coated on the
processed surface of the plastics. The effects of uniformly dispersing and keeping the

30 initial mechanical properties of the plastics can be achieved.



Patent application WO 99/25898 Al to Shigeru Keinro, et al discloses a process for preparing an
antimicrobial metal product. The process comprises coating a suspension or solution of antimicrobial
component particles on the surface of a metal product and pressing the obtained coated surface of the
metal product without heating. 5SHowever, the processes as previously described have several

disadvantages: The praocess fo f ing, an allgy produgt prepared py .adding an
antimicrobial metal it tﬁ’%r%&%%b”@r m%%%%g}c’ﬁeaoa TSR BE e o riSERES the
content of $ieEQr RRRRBHARBEWhAleMERicRARALPE-RRSMathethRcos! ehifs-RIQAuSRVErY high.

JO(2) Originally, coating an antimicrobial metal on a substrate to form a coating film might meet the
production arsdeeestreguikdmisnts; havanse dhelantmicnstial prestalieto e tppliedacarbe gativdred on

the surface of the substrate while the suhstrate does not comprises any antimicrobjal substance. With
regard to tﬁéoégﬁﬁgﬁlégé?rﬁs’@“ ﬁllﬁeog’é@élg If/oﬁtﬁﬁjeﬁfffff%gg%’g fﬁBWiBf‘b%é?@}fh%&?Bf%s, plastics,
ceramigs, ant the like. flhadize, dhdheobosabayeRIQIugt 3 & aubsthale B auitesxensivetlowever,
the defects of the product reside in that the adhesive (if used) and the antimicrobial metal are not

wear-resistant, impactéigsistantrioredvemativistused adhadpvesrarmetoprasistanttoatiihg an

temperature (< 260 C), 20SUMMARY The present application is intended tg solve one of the
disadvantaa%énllﬁcfﬁg%lrirorll'eglli,lgtr?dsf STefore BRSVite g Al 5%%%}%&35@;{?&&@%%@&%@” Bomprising
the coatingsand the 5eeessfar PEEBREAHEIGSANGhole melBHBIRIC N AL hBSsPEFSRAL
application is directed to an antimicrobial coating, comprising an antimicrobial effective amount of

silver powdeiedlapidistsiiésebsteel powders, wherein the sliver powders and the stainless steel

powders are present i form of physical doping in the antimicrobial coating. In other

aspec {)the present ap?%;#’c%ﬁ1 Inﬁéﬂgrs%(}/%ﬁilr%%?éldgfg%n#ﬁ%%lﬁ ﬂgﬁf?gt?{}vﬁé}’ Wﬁﬁg SRR Wibstrate is
coated withgy aniimicrebiaheQaling-aempiisng eR et ohisheffestive.amrunmiaf silver powders
and stainless steel powders, wherein the silver powders and the stainless steel powders are present

in the form & papERdraspingiihgrecantirtierobifdasoatitles substratn sthilandthenkapraetdase peesent
application is directed to a proces .g?rs&r)(satparm antimi robégl coating, compr|5|rglgégsg1?%v1|X|ng an

antimicrobisl effectivé amount of siver pov@‘l &Fs And StAMedS Stearpaitert: 548" %Braying
the mixturepétheisivenpavdRES gl islalnless sieal pawdersema surtagane e Pioeassesk the
15 above product as a subsirate is quite extensive. However, the defects of the product reside

in that the adhesive (if used) and the antimicrobial metal are not wear-resistant,

impact-resistant. Moreover, all the used adhesives are not resistant to high temperature (<

260 °C).

20 SUMMARY
The present application is intended to solve one of the disadvantages in the
prior art, and therefore provides an antimicrobial coating, a producting comprising the
coating and the process for preparing the same,
Therefore, in an aspect, the present application is directed to an antimicrobial
25 coating, comprising an antimicrobial effective amount of silver powders and stainless steel
powders, wherein the sliver powders and the stainless steel powders are present in the form
of physical doping in the antimicrobial coating.
In other aspect, the present application is also directed to a metal product,
wherein the surface of a substrate is coated with an antimicrobial coating comprising an

30  antimicrobial effective amount of silver powders and stainless steel powders, wherein the



wherein the silver powders and the stainless steel powders are present in the 10form of physical
doping in the antimicrobial coating. In yet another aspect, the present application is directed to
an antimicrobial coating prepared with the following process comprising: (1) mixing an
antimicrobial effective amount of silver powders and stainless steel powders; and 15(2) sp(;aying the
mixture of il _ inless steel powders on.a surface tq.be processed, .
wherein thg}l g%eﬁ@v%%%ﬁ%?%&éﬁﬁs%%é O;%%sr e?geﬁgeﬁ?ré{;léln%% Par@q fg%r%%% ‘ﬁﬁi/és E4PEPing in
the antimictivbaalicoatingial e &illgnother aspect, the present application is directed to a process for 20
protecting against microbes, comprising applying an antimicrobial coating comprising an antimicrobial
effective amount of sil\;%r%/v%‘éi’g‘%”nésﬁﬁéﬁnl&% BIeEIh WS tiom Probivetid need I@Iﬂbai:ﬂﬁgf@roblial
action, wherei JSilv I inless steel powders are present in the form of physica
doping in t%{é% g?\%?%ﬁ%%é?%}ggﬁéi%gﬁg Cl%l% 1ﬂrlélené'mbodiments, the coating as provided can
effectively coat the 25ahfimictabiah metiation the stffatecohasatalpsndachantingcoatingdssresistant
to high temperature, wear and impact. BRIEF DESCRIPTION OF DRAWINGS Fig. lisa
schematic Siefri 8¢5 WMstrate coated with the antimicrobial 30coating (200 and 2000 mesh) of an
embodiment in the pre ication, . ig...2 IS. a schematic diagram of an antjmicrobial
metallic coating (ZOF()) a@%%%g%}r{‘ggéﬁg}hxgﬁeeﬁt[:fcl)%lsrli‘éeri{t.%owgmS an gta}g S powcers ona

surface to be processed,

wherein the silver powders and the stainless steel powders are present in the
10 form of physical doping in the antimicrobial coating.
In yet another aspect, the present application is directed to an antimicrobial
coating prepared with the following process comprising:
(1) mixing an antimicrobial effective amount of silver powders and stainless

steel powders: and

[y
LN

(2) spraying the mixture of the silver powders and the stainless steel powders
on a surface to be processed,
wherein the silver powders and stainless steel powders are present in the form
of physical doping in the antimicrobial coating.
In still another aspect, the present application is directed to a process for
20 protecting against microbes, comprising applying an antimicrobial coating comprising an
antimicrobial effective amount of silver powders and stainless steel powders to a product
in need of antimicrobial action, wherein the silver powders and stainless steel powders
are present in the form of physical doping in the antimicrobial coating,
In some embodiments, the coating as provided can effectively coat the
25 antimjcrobial metal on the surface of a metal product, and the coating is resistant to high

temperature, wear and impact.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic diagram of a substrate coated with the antimicrobial

30 coating (200 and 2000 mesh) of an embodiment in the present application.



Fig. 3 shows a test piece inoculated with bacteria solutions and coated with a film on a plate. 5
DETAILED DESCRIPTION In the following description, certain specific details are included to
provide a thorough understanding of various disclosed embodiments. One skilled in the relevant art,
however, will recognize that the embodiments may be practiced without one or more of 10these
specific details, or with-gther.met ) ts,Mmaterials,. etg. . Jless the ¢ xt requires
otherwise, throughout@ﬁ% gpﬂ%i%%?&%%%%ﬁ% %ﬁ&%@ﬁ%@&?"t lgltg?%éfggrﬁ%aﬁén g@ vaértlrcljgtions
thereof, suéh(isnieshnprisesiviodiicemprising” are to be construed in an open, inclusive sense, which
is as "include, but not limited to". 15Reference throughout this specification to "one embodiment”, or
“an embodiment”, or "Fi&nbiieMerhbetimertiner ukirier e Hivisan o ugprinasshsessedstinfents
means thatg pagicularreferent feature, structure or characteristic described in connection with the
embodiments is included in at least one embodiment. Therefore, the appearance of the phases "in one
embodiment”, or "in an embodiment"”, or "in another 20 embodiment”, or "in some embodiments” in
various places throughout this specification are not necessarily all referring to the same embodiment.
rec ok-ERbkIer SR AAY be combined in any suitable

Moreover, the particular features, structe 3
manner in one or mor ' . b g RS S [ i ification.and the
QIF{HP%H%EHQ d&&*ﬂfb‘ﬁ'&} aer!?c%t"'%hei'géiai&*:ic‘l%d{:‘é %?t%a% %Qicr%%%s% u{ﬁl é%svtlhee Content

appended claims, 25 the singular forms "a", "an"
clearly indidatecothemisestdiineforfe;donexdinyesdrmixing ancantirdicsofiidlath atahwitbl &/ staintess
steel" comggses mixing one antimicrobial metal (such as silver) with one stainless steel (such as

nickel-bas WS_H?éin‘m E?ﬁ%%ﬁfﬁ%igﬁim%%%m%iﬁ@éﬁ’@ @ﬁ%ﬁﬂ%ﬁgbmétapﬁs%rm&@c%%per)

with spyerahslaiglesseigala Suchan DifkelRaRcH GONRIING chromiym,3gatainless steels and

cobalt-based containing chromium stainless steels), mixing several antimicrobial metals (such as

silver and copper) withLoriesstainlessestaeh(sush é@s:nidke |l thaseghoonthinipectiivarniu amstainiess steel),

and mixing se_v(é%r??ﬂntimicrobial metals (such as silver and CO{)pel‘) with several stainless steels (such
c

as nickel-b3d8 Q¥ BhrsHiunt SiHiRRSss Lt el i 085 i H58bdEShtahing BB fainless
steel). It shaulg, 306,150,201t ddRaLIGISE O GreM BRSSPI/ URIGSR §§aatsedi;?$e%‘%%§’;§]% not

DEFINITIONS s used in specification and appended claims, unless specifi e contrary,
the followinignérhsoliave the meaning indicated:

malclle aea
C

15 Reference throughout this specification to “one embodiment”, or “an
embodiment”, or “in another embodiment”, or “some embodiments”, or “in some
embodiments” means that a particular referent feature, structure or characteristic described
in connection with the embodiments is included in at least one embodiment. Therefore, the
appearance of the phases “in one embodiment”, or “in an embodiment”, or “in another

20 embodiment”, or “in some embodiments” in various places throughout this specification
are not necessarily all referring to the same embodiment. Moreover, the particular features,
structures or characteristics may be combined in any suitable manner in one or more
embodiments.

It should be noted that, as used in this specification and the appended claims,

25 the singular forms “a”, “an” and “the” include plural referents unless the content clearly
indicate otherwise. Therefore, for example, “mixing an antimicrobial metal with a stainless
steel” comprises mixing one antimicrobial metal (such as silver) with one stainless steel
(such as nickel-based containing chromium stainless steel), mixing one antimicrobial metal
(such as copper) with several stainless steels (such as nickel-based containing chromium

30  stainless steels and cobalt-based containing chromium stainless steels), mixing several



10The term "antimicrobial" or "antimicrobial action" as used herein refers to the general term of
bacteriostasis and bactericidal action. The term "bacteriostasis” or "bacteriostatic action" refers to an
action of inhibiting the growth and reproduction of microbes. The term "bactericidal”" or "bactericidal
action" refers to an action of killing trophosomes and propagules of microbes. 15The term "physical
doping" as : in refers_to that after an antimicrobial coating is formed with an antimicrobial
metal and g%ﬁ%?%n@%@ SS%%Saz(Ssl,lt%}n%SssSEFégl)? rﬁecgﬁ Imicro 1}%}LI Meta %g% ?éf‘ess%ﬁltj St??%(ar fetal
particles filhweith] ¢astiaibeninithecinterstices0h e suHbceef asuhstale Soas oI PRsaaling
doped with physical particles, i.e. the antimicrobial particles and the metal particles can be
distinguishEW #fesdEatiABd ZoPPHe tEith Seyrimisitblarefftasivésamountide ibathaaipvefas to an
antimicrobi nt which. can achieve the desired antimicrobial action. Generally, th timicrobial
effects as r%é%@g}}t% %%Hél% ?e%%??’ r%%lgy%}g aéﬁfgeargéeﬁf Qccord fﬁ% %%rg ﬁé?rennﬁgini?nsf’c% e?ila)ﬂ ﬁe%‘i}r@ ents. In
some embabdiatenisof the:presertdappitations famgampldansantimierekial€ffective amount of silver
powders may refer to about 0.01-30% of 25 antimicrobial metallic silver powders. In some other
embodiments, an antimicrobial effective amount of silver powders may refer to about 1-20% of
antimicrobiglipetamiq Siluer powders. In some other embodiments, an antimicrobial effective amount of
silver powders may refer to about 5-10% of antimicrobial metallic silver powders. The term
"antimicrobial metal" ag used hergirciBiathtoaadgtaindkict] san Playe30 apceieida antaptialarebial
action. The conventional antimicrobial metals in the prior art include, but are not limited to, silver,

copper, zinCedoHaRIRsIEEM S AV thlsracaning infigatedm -metal” as used herein should be understood
in a bigader sense, .ept GQMRaeS ALRIRAIP MR BL AR E AlNAloe MERlR, Aquuel qguvarious
alloys, such as an aluminum alloy and a stainless stee e tenn "stainless steel” as used
herein referstorthetgenendl texneobansalloyéteakrasistant iowih. ativk bass, salicrndshe dikeyr
corrosion. There are various stainless steels. In accordance with the structure of metallographic

phase, the RARHESS atise RS 3o pRrder niar e Sieion lid b agitbe agig il Rod yprredimiessodteels. In
accordance, i e ical ¢ , the.siain ste omprise two major systems of 10
chromium Z?\éw.r}n?é’ggs s?gg quﬁzl nfg{ge{%%{ﬁ%ﬁl ug 21 sgté%{:[l é%%aéeg%t?g%rers%ﬁ%eéobsl }C?igogn)éc)?tg 3 éﬂ&i&
respectivelycopihsristaintelss spegldarefdenetdped on the basis of the two stainless steels. In

accordance with the environmental media during use, the stainless steels comprise stainless steels
resistant to nitric acid, SUFE adiBY treh daRinée A aase briithechive. hihecafahArawitisbEBrrosion
fes!stance,c%iﬁ%‘ﬂ‘,'@k%?&é&e\_%lalcﬁ{%ﬂﬁﬁ&@ﬂfﬁ'El@&zla%d%% 'Fﬁ%&tﬁi'm% %%%&%Tﬁé‘%’é‘eé ?'&f@”ce
stainless steel, abrasion resistance stainless steel, and the like. In accordance wit functiona
characteristicspticenbtaintess! steeld compriskenonmiagnetizstiihlesa steklofree euliinthatiainiess steel,
high strengtt %ainless steel, low temperature and super low temperature stainless steel, superplastic

stainless stRelQATHRES IR SBTIR RN *h iR (R SeAi88IINERsINIdtaTavRicah nATtEFStidI s dha
solution, Iniaf KARPRARIALER hY iheaNBNRADEpaE SRARIGLRUAC B Uglhrg,and no .
magnetism. Austenite is a tissue of a conventional steel at a high“temperature an ists in a certain
range26f temperaturesldrd eompbmentsciSbimk ejiertchechsteeis’ can retain sorae atestenites at the
ambient temperature, iuch an austenite is called as residue austenite. In addition to 25 carbon in an

alloy steel, BHBISBIP I@ﬂ?@ﬁk“@éﬁl&%(ﬁ%@&% ?ilﬁea#%iﬂ%@eﬁ‘ﬂré‘}‘é‘ﬁakéi‘hé}ﬁ@%f %@E@lbh_é_he N
temperaturg fid compopratanas.lhe austenifsiapia solnafiRkaramplza e Augieallg critical
converting temperature can be lowered below the ambient temperature by addingmanganese and
nickel, whichnimakesihersteslctoaemdinsheausienitindissud dtcapmbient 4pphioeraturé ednelsp-called

austenitic steel. 30The term "austenite type stainless steel" as used herein refers to a stainless
an antimicrobial effective amount of silver powders may refer to about 0.01-30% of

25  anfimicrobial metallic silver powders. In some other embodiments, an antimicrobial
effective amount of silver powders may refer to about 1-20% of antimicrobial metallic
siiver powders. In some other embodiments, an antimicrobial effective amount of silver
powders may refer to about 5-10% of antimicrobial metallic silver powders.

The term “antimicrobial metal” as used herein refers to a metal which can play

30 a role in an antimicrobial action. The conventional antimicrobial metals in the prior art



steel having austenitic tissues at the ambient temperature. When comprising about 18% Cr, 8%-10%
Ni, about 0.1% C, the steel has stable austenitic tissues. The austenitic chromium-nickel stainless
steels comprise the well-known Crl8Ni8 steels and high Cr-Ni serial steels which are developed by
increasing the contents of Cr and Ni and adding 5 elements such as Mo, Cu, Si, Nb, Ti, and the like
on the basil%cqf (S:r]bSIi\_liSesteﬂ%h};Q aust Vréirti% staigleggcste%s re no -mgi{geﬁl%and have high
toughness and pﬁés‘fllc?fg/. owever, %R‘e streﬁgfﬁ) TR aif%?ena”lltli:néﬁauenIea%l &el§9s lower and cannot to
be strengthened by phesersiansition) whileseambeipnbosirengthened fyicald prosessing.lf elements,
such as S. Ca, Se, Te and the like, are added, the austenitic stainless steels have 10 good
free-cuttind rARIERIBSI Rty LNBl G aHitdnCforrasisids fdenDsistrE exidatives aeitienidliss. such steels
also have raessai_%tgpce to cor osiondog %g}ll% iC acig,. phosphoric acid, formic acid, acetic acid, urea and

r
. UM a drl £55 S . .
the like, where comprising elements such'as ,\ﬁo, Cu, and the like. If such steels comprise carbon

content lower than 0.0886 @fihi;Niithesesistance dedntergrapyias eorrRsien-signifigaptiyingreases.
Austenitic stainless steels with high 15silicon content have good corrosion resistance to concentrated

nitric acid. steel resprang iampledcat abistenitdltype dhaidikesasiseticsorhpriseatsuraieusostifnlese to, 201,
202, 205, %Qgelg,og QZB 3 3Se, 304, 304L, 3 ZH% 04N, 305, 308, 309 t stainjess steels.
The term -marte'ns?te% ggrggg%fgh%ﬁé?nqufesr%%gg%uopg%g uflr%)t%répshéﬁdﬁggfﬁfior? ,e é?ﬁ%\?vsﬁic%eé%arbon

dissolves inanbéshaving hody-cestetait cehitstruciuteed eromagnetissiand higheobresistivity. A
martensite is a metastable tissue of single-phase. The shape of a martensite generally is strip, lens

sheet or boththa tsartBaieh 29 mpprsRardifesdaamlassudiagth. mpitensive VAt Stripy sisae Has better
toughpess while ite with lens sheet shape. has poor toughness. After a sfeel.is, austenitized,
gt poih bt G T R

lower temperagiiis, @fpatibustisshes afisteals dbe spagiieNpking aiaakenrsiadsibahighast.
Generally, the more carbon content in steels is, the higher hardness of martensite will be. Obtaining a
martensite ¥§FGuefcRFfG Idas S nipéitaihe nrax s B etiahgirsticsbainaviaragiig steireraviglhigh
strength an ghngss ‘ r ddin itable. amount of 30allgy elements s as
cobalt, Mo S A . DR SR T

"martensitdiiypé@rsirinietmsteeiliatusetrbdringgiensto the stainlesseigelsonaving martansitic
microscopic tissues during use. The chromium content in the martensite type stainless steels is
13-18%. ARGFYERSHERThGTARRT RPN StiuaRtartstBites SPerdiamisstestdans e sitiblesiseach steam

e et (G0IRE 10 MELGAD D AR, ORISR IR IS IS, Meas Ui iR

springs (containing higher carbon content) an ike. e examples of martensi rt‘f?f)e
stainless steelsriaghatie, duihire rotlinitedde 403 4R Rs4 bled 16ioh 16502 0aft3dss4404, #APB, 440C
type stainless steels. 10 The term "ferrite" as used herein refers to a-Fe (or fi-Fe) and a solid solution
on the basi§BPHEESHRS ATl HAS B EEntsiBlr SRS latrs Rl aivitantoyder byt ute ctoid
precipitatiof Qf an austenite having hypoeutectoid components. This portion of ferrite is referred as
proeutectoid ferrite or ferrite with free tissues. According to different forming conditions, the
procutectoid ferrites hare ckfferéntshapes asushdabetmegitexial, Anteigranularsapindimkerrated,
acicular shapes and the like. The ferrite is also the matrix of pearlitic tissues. The ferrites are main

constituent BHERSERPIhESLSIIRG horhRxIBsigs & santardsehisshretsomdme mams oW alloy
stee's. The.aproents anddissues ol (riles e stapfieantdmpacts e eRnFl RIARSTes of

steels and the use performances of steels in some situations
range of temperatures and components. Some quenched steels can retain some austenites at

the ambient temperature. Such an austenite is called as residue austenite. In addition to

25 carbon in an alloy steel, other alloy elements can also dissolve in an austenite, and enlarge
or reduce the temperature and component range of the austenitic stable region. For
example, the austenitic critical converting temperature can be lowered below the ambient
temperature by adding manganese and nickel, which makes the steel to remain the
austenitic tissue at ambient temperature, i.e. the so-called austenitic steel,

30 The term “austenite type stainless steel” as used herein refers to a stainless

6



20The term "ferrite type stainless steel- as used herein refers to a stainless steel of which the tissues
are mainly ferrites during use. The chromium content in ferrite type stainless steels is generally
12-230%. Ferrite type stainless steels have body-centered cubic structure. Such steels generally
comprise no nickel, but sometimes comprise a small amount of elements such as Mo. Ti. Nb and the
like. Such sstt%g} have ad an{a es such aﬁ 25 hlig%h thermal cont{%%ivity coefficient, low coefficient of

expansion, §ood oxitaton PLLfsEAREeS 08 AP SHEEDESHHEISN Yo EHEEAHBL AR 85A therefore

are usuallygsserhtq prePakR BRILS Pesistant Lo allstigamywatehandaxidizing.acids corpsions.

The examples of ferrite type stainless steels include, but are not limited to, 405, 409, 429, 430, 430F
type stainle38&tepiB1Boh sltantssdeipdk wopessaitie szedtdelasuse thé e eefarsi thighstaimléss steel
having abOlSJé:ISa(fO/Soteoégeg}ghand a ou}ISOW gf austenite. Tpe content %félhe less phase in a duplex type
stainless steel JUirdd Y6! PSRN Kt RESE 3086 I S RUGEh Aa Lt AEhC TSk 81 didiEE type

Is generally Tequire

stainless steiehtasidesdn shatithecyieldi stassicameash MR- 10 490:55QMBa whiehdsshwige ¢f the

conventional stainless steel. Therefore, the duplex 5 type stainless steels can save materials and
reduce the FEaUACtSHAY B stscsidevcasnwidzredardnd thaveohrigbiomngbistencade pecially. under
the COﬂdItI%? of worse eny rgrrlw%angl {Redla gsuch as sefwater,ﬁl]lgher chloride ion content), the

properties of dUPIEX type Staintess steals Stoh Adrelilfarte Bty LOHTsiBR! FauRa d8rdsion,

stress corresiamRateayosianfatiguriare sigmificanti betterdhanthase q{fgm&"%@ééﬁﬁgit?flo

stainless steels and can be on a par with high-alloy austenite stainless steels. The duplex type
stainless ste&8dES oot Welding perornhitscik € ermpalkied. with desrits staitleds steetis dnce
austenite stainless steels, the heat-affected zone. of the duplex type stainless steels are neither the
same?él)s th%x?%?e e?ﬁt‘éuiéfgﬁlllggg%f]eagfsf& he\iflx}hzi@%f?éo?otﬁ’gﬁeﬁ s?gl}%%g%ﬁﬁ?%ﬁ’ﬁ’cg QUG Gre
seriously caassenedcnatasthalohaustenislainiessaleglss WhichiARis mare sHssaRiiple fqdvelding
heating cracks. The examples of duplex stainless steels include, but are not limited to, 329 and

2205 type StiRlessiskesriic acid. upreamshihedibemeierbepetivialito thartrumanchodyMas Useththerein
o 11 e A e Y e L e e atbe.

outside. If lacking one of More sUch elemants. uman fo Variousaieasses.

Element chioriunginvahesdnssriabalism ahaygarcanddat, nereasrs ihelecompasition angiexcretion
of cholesterol and reduces the incidence of coronary disease. Nickel is a component constituting cells

and cah actisiFiRHENE peadcemssienrtsivt s sodsagairaMangsivesadinvolves in the growth
and development of b%%seglglgl tpe 21150he ena}%o oiesis ocess,%%nd closely relates to ghe, reproductive

e TSI BUS B )L 3o SR TAVoIVBS T FRGABBIEHCof the

function. Manganese is a component of various’ gnzymes an

human bod}0 ICabaltissan @tivecentds, ovitanind 384 anslgan facitiate the @M,hm@pmj%ﬁad affect
the absorption and metabolism of phosphorus, magnesium, iron. Nutritionist indicates that the
incidence ctdliBEtE$ERd cardiovascular diseases increases if the meals lack trace 30elements, such

as chromium, nickel, mlybdgnum, coRall-and {0 e 10T &long, ime,, ntimicrabigL Meghanism
20 in which g carbon dissolves in o-Fe, having body-centered cubic structure and
ferromagnetism and higher resistivity. A martensite is a metastable tissue of single-phase.
The shape of a martensite generally is strip, lens sheet or both. A martensite has higher
hardness and strength. A martensite with strip shape has better toughness while a
martensite with lens sheet shape has poor toughness. After a steel is austenitized, a product
25 of martensitic transformation can be obtained by cooling at a certain higher rate at a lower
temperature. Of various tissues of steels, the specific volume of martensite is the highest.
Generally, the more carbon content in steels is, the higher hardness of martensite will be.
Obtaining a martensite by quenching is an important means to strengthen steels. Maraging
steels having high strength and toughness can be prepared by adding suitable amount of

30  alloy elements such as cobalt, molybdenum, titanium and the like in a ulira-low carbon



In general, antimicrobial metal ions can dissolve from an antimicrobial coating. When contacting with
bacteria, the antimicrobial metal ions dissolved from an 5 antimicrobial coating (such as silver ions,
copper ions and the like) damage cell walls of bacteria or enter the bacteria through the cell walls to
damage the conducting tissues, prevent the metabolism of the cells so as to kill the bacteria and _
achieve the}Bur 0 eloi sterilization. Moreover, antimicrobial metallic ions, such as silver and the like,
have certain ca éy?c ael‘?é/Cts and can convert the water and oxygen adsorbed on the surface of the

10coating into hydroxylgrqus anskagiie BpOgRinlle active.90manas,sitpng gxidation rapacity

and damages the cell walls of the bacteria so as to kill the bacteria. Antimicrobial Performance Test
Method andightimicrobiatEitastdcAmtienicrolpial EffoctsdlBTi antificrotiaheffestsoftenprodtict

cessed with an.antimicrobial method.c btained by the value of antimicrobial activity. The
Sg?ue should Mot | %% ISR G %Sit%‘?g?iﬁ%%r}d%%é.%’Pg#Sﬂﬂ]éﬁ’é@ﬁné%Wetﬁ%B“% HBetasRBtHe d for

plastic prodysisstaitredsthg testepeiad isruiaRieniar Braductssishas RISRIC Rraductsingtal

products and ceramic products except for fiber products. 1. Bacteria Used in Tests. (I) Escherichia colt

25(2) Stapltdéestctiszinens (BpPssu tdunrtonias derliginusaciickishsielpposumantiae (G)tSaimonella

aertrycke and the like.

The examples of martensite type stainless steels include, but are not limited to,

403, 410, 414, 416, 4168e, 420, 431, 440A, 440B, 440C type stainless steels.

10 The term “ferrite” as used herein refers to a-Fe (or B-Fe) and a solid solution
on the basis of the same. A ferrite has body-centered cubic lattice. A ferrite is formed by
the eutectoid precipitation of an austenite having hypoeutectoid components. This portion
of ferrite is referred as proeutectoid ferrite or ferrite with free tissues. According to
different forming conditions, the proeutectoid ferrites have different shapes, such as

15 equiaxial, intergranular, spindle, serrated, acicular shapes and the like. The ferrite is also
the matrix of pearlitic tissues. The ferrites are main constituent phases in the hot-rolling
(normalizing) and anneal tissues of carbon steels and low-alloy steels. The components and
tissues of ferrites have significant impacts on the technical properties of steels and the use
performances of steels in some situations.

20 The term “ferrite type stainless steel” as used herein refers to a stainless steel
of which the tissues are mainly ferrites during use. The chromium content in ferrite type
stainless steels is generally 12-230%. Ferrite type stainless steels have body-centered cubic
structure. Such steels generally comprise no nickel, but sometimes comprise a small
amount of elements such as Mo, Ti, Nb and the like. Such steels have advantages such as

25 high thermal conductivity coefficient, low coefficient of expansion, good oxidation
resistance, excellent stress corrosion resistance and the like, and therefore are usually used
to prepare parts resistant to air, stream, water and oxidizing acids corrosions.

The examples of ferrite type stainless steels include, but are not limited to, 403,

409, 429, 430, 430F type stainless steels.

30 The term “duplex type stainiess steel” as used herein refers to a stainless steel



Table 1 shows the representative bacterial stains, the stains deposit numbers 30and the stains
depository institutions. Table 1 Bacterial Stains Used in Tests Bacterial Species Stains Deposit Nos,
Stains Depository Institutions Escherichia coli ATCC 25922 American Type Culture Collection
Staphylococcus aureus ATCC 6538 American Type Culture Collection Pseudomonas aeruginosa
ATCC gozﬁﬁfﬂg% outTS)()Q/e of etrurE 'egdg % %Q%ﬂ‘?bs e!bastgg%gnﬁe%gn%;l%gf %l?oﬁaqq phase in a
duplex type stainless steel is generally required to reach at least 30%. The key
characteristic of the duplex type stainless steel resides in that the vield stress can reach up
to 400-550 MPa, which is twice of the conventional stainless steel. Therefore, the duplex
5  type stainless steels capn save materials and reduce the manufacturing costs of devices.
With regard to the corrosion resistance, especially under the condition of worse
environmental media (such as seawater, higher chloride ion content), the properties of
duplex type stainless steels such as resistance to pitting corrosion, crevice corrosion, stress
corrosion, and corrosion fatigue are significantly better than those of common austenite
10 stainless steels and can be on a par with high-alloy austenite stainless steels. The duplex
type stainless steels have good welding performances. Comparing with ferrite stainless
steels and austenite stainless steels, the heat-affected zone of the duplex type stainless
steels are neither the same as that of ferrite stainless steels, in whic the toughness is greatly
reduced as the grains are seriously coarsened, nor as that of austenite stainless steels, which
15 1s more susceptible to welding heating cracks.
The examples of duplex stainless steels include, but are not limited to, 329 and
2205 type stainless steels,
The term “elements beneficial to the human body” as used herein refers to
elements which cannot be synthesized by the human body itself and must be ingested
20 outside. If lacking one or more such elements, the human body will suffer from various
diseases. Element chromium involves in metabolism of sugar and fat, increases the
decomposition and excretion of cholesterol and reduces the incidence of coronary disease.
Nickel is a component constituting cells and can activate insulins and reduce the content of
blood sugar. Manganese involves in the growth and development of bones and the
25 hematopoiesis process, and closely relates to the reproductive function. Manganese is a
component of various enzymes and directly involves in metabolism of the human body.
Cobalt is an active center of vitamin B12, and can facilitate the ervthropoiesis and affect
the absorption and metabolism of phosphorus, magnesium, iron. Nutritionist indicates that

the incidence of diabetes and cardiovascular diseases increases if the meals lack trace

30 elements, such as chromium, nickel, molybdenum, cobalt and the like, for a long time.



American Type Culture Collection Salmonella aertrycke NICPBP 50115 National Institutes for the
Control of Pharmaceutical and Biological Products 52. Reagents, Materials, Apparatuses and Devices
AlcoholMicrobial grade Beef extractMicrobial grade PeptoneMicrobial grade Sodium chloride
(NaC1)Microbial grade Purified waterMicrobial grade Agar culture mediumMicrobial grade Yeast
extractMicrobial grade GlucoseMicrobial grade Casein peptoneMicrobial grade

Antimicrobial Mechanism
In general, antimicrobial metal ions can dissolve from an antimicrobial coating.
When contacting with bacteria, the antimicrobial metal ions dissolved from an
5 antimicrobial coating (such as silver ions, copper ions and the like) damage cell walls of
bacteria or enter the bacteria through the cell walls to damage the conducting tissues,
prevent the metabolism of the cells so as to kill the bacteria and achieve the purpose of
sterilization. Moreover, antimicrobial metallic ions, such as silver and the like, have certain
catalytic effects and can convert the water and oxygen adsorbed on the surface of the
10 coating into hydroxyl groups and active oxygen. The active oxygen has strong oxidation

capacity and damages the cell walls of the bacteria so as to kill the bacteria.

Antimiercbial Performance Test Method and Antimicrobial Effects

Antimicrobial Effects

15 The antimicrobial effects of a product processed with an antimicrobial method
can be obtained by the value of antimicrobial activity. The value should not be less than

99%.

Antimicrobial Performance Test Method

20 The test method for plastic products is used. The test method is suitable for
products such as plastic products, metal products and ceramic products except for fiber
products.

1. Bacteria Used in Tests.
(1) Escherichia coli
25 (2) Staphylococcus aureus
(3) Pseudomonas aeruginosa
(4) Klebsiella pneumoniae
(5) Salmonella aertrycke
Table 1 shows the representative bacterial stains, the stains deposit numbers

30 and the stains depository institutions.



Soybean peptoneMicrobial grade LecithinMicrobial grade Nonionic surfactant-tweenum 80Microbial
grade Potassium dihydrogen phosphate (KH2PO4) Microbial grade Dipotassium hydrogen phosphate
(K2HPO4) Microbial grade Sodium hydroxide NaOH)(Microbial grade Hydrochloric acid
(HC1)Microbial grade Cotton plug*OME cotton Platinum inoculating ringWith a ring of about 4 mm on
the top Dry heat SterilizerMicrobial grade Pressure steam sterilizerMicrobial grade Security
consoleMicrobial grade Clean workbenchMicrobial grade StrawMicrobial grade Constant temperature
incubatorMicrobial grade Culture dishMicrobial grade

Table 1 Bacterial Stains Used in Tests

Bacterial Species Stains Deposit Nos. stains Depository Institutions
Escherichia coli ATCC 25922 American Type Culture Collection
Staphylococcus aureus ATCC 6538 American Type Culture Collection
Pseudomonas aeruginosa ATCC 9027 American Type Culture Collection
Klebsiella pneumoniae ATCC 10031 American Type Culture Collection

National Institutes for the Control of
Salmonella aertrycke NICPBP 50115 Pharmaceutical and Biological
Products

5 2. Reagents, Materials, Apparatuses and Devices

Alcohol Microbial grade
Beef extract Microbial grade
Peptone Microbial grade
Sodium chioride (NaCl) Microbial grade
Purified water Microbial grade
Agar culture medium Microbial grade
Yeast extract Microbial grade
Glucose Microbial grade
Casein peptone Microbial grade
Soybean peptone Microbial grade
Lecithin Microbial grade
Nonionic surfactant-tweenum 80 Microbial grade

Potassium dihydrogen phosphate (KH,PO4)  Microbial grade

Dipotassium hydrogen phosphate (K;HPO4) Microbial grade

Sodium hydroxide (NaOH) Microbial grade
Hydrochloric acid (HCI) Microbial grade
Cotton plug* OME cotton

Platinum inoculating ring With a ring of about 4 mm on the top

11



StomacherMicrobial grade FilmMicrobial grade * the silicone, metal or morton plug can be used as well
3. Sterilization Method (1) Dry Heat Sterilization Articles needed to be sterilized are placed in a
dry heat sterilizer at a 5Stemperature of 160-180 C and kept 30-60 minutes. Note that after dry heat
sterilization, the related devices cannot be used if the cotton plug or package is wet. (2) High pressure
stream steriliz g ) Water is added into a pressure stream sterilizer. Articles needed to be

tS 7ET "
sterilized are ga?:egaln ttﬁg metal net basket on the meta g%%%fl?lllg%crlgssure stream 10 sterilizer.

Then the presBry@sitteamnsi@etiziesds tightly capped. Theveidicles jaredieated for 15-20 minutes under
the pressure of 103000 MPa at the temperature of 121 C. After the heating is finished, the pressure
stream sterilizeF§8HtEPERY €ooled below 100 C. The exPMigpbidgheridopened to exhaust the gas, and

then the cap i%p&%nﬁ%kgg&ﬁterilized articles are taken ‘R}f}fcrlg fecessary, the pressure stream

‘e . Tde ‘e
sterilizer can be cooled on a clean 15 workbench. The préssure Sfream sterilizer should keep clean

and avoid contarmnating cultures or reagents during the prasess:lgngeessary, the pot can be washed
with neutral detergents, and flushed with sufficient water. (3) Flame sterilization The reagent
is put in flame o8t KIBBREIE? Bigifidtation. When a pistisirhizariadeis used, it is heated until red.

When a test tl{%t’@gﬁ%%, it is contacted with flame for Zﬁig?&oig]dgsfa de

Stomacher Microbial grade
Film Microbial grade

* the silicone, metal or morton plug can be used as well

3. Stertlization Method
(1) Dry Heat Sterilization
Articles needed to be sterilized are placed in a dry heat sterilizer at a
5 temperature of 160-180 °C and kept 30-60 minutes. Note that after dry heat sterilization,
the reiated devices cannot be used if the cotton plug or package is wet.
(2) High pressure stream sterilization
Water 15 added into a pressure stream sterilizer. Articles needed to be
sterilized are placed in the metal net basket on the metal grid of the pressure stream
10 sterilizer. Then the pressure stream sterilizer is tightly capped. The articles are heated for
15-20 minutes under the pressure of 103000 MPa at the temperature of 121 °C. After the
heating 15 finished, the pressure stream sterilizer is naturally cooled below 100 °C. The
exhaust valve is opened to exhaust the gas, and then the cap is opened. The sterilized
articles are taken out. If necessary, the pressure siream sterilizer can be cooled on a clean
15 workbench. The pressure stream sterilizer should keep clean and avoid contaminating
cultures or reagents during the process. If necessary, the pot can be washed with neutral
detergents, and flushed with sufficient water.
(3) Flame sterilization
The reagent is put in flame of air or alcohol for sterilization. When a platinum

20 ring 1s used, it is heated until red. When a test tube is used, it is contacted with flame for



(4) Apparatus sterilization A basic or neutral detergent is used to wash glass wares such as
test tubes or beakers. The glass wares are then fully washed with water and dried. The glass wares
can 5be used after being sterilized in a dry heat sterilizer or a high pressure stream sterilizer. 4.
Bacteria culture medium The following bacteria culture media are used. Commercially available
bacteria cujtyre.media which has the same composition can also be used. 10(1) Nutrient broth (NB)
5.0 g beef extract, 10.0 g peptone and 5.0 g sodium chloride are added to 1000 mL purified water or
deionized water. The gixtuspasplacedlinaifiask to mix and dissolve. 0.1 mol/L NaOH solution or
hydrochloric acid solution is used to adjust pH to 7.0-7.2 (25 C). The resultant solution is then sterilized

with a high pressure sfteXH SR IPEFToR SO 8T Ut 4P 1985 derbrassrhisdiate ki
preparatio e oo aRpit R presaIvER Ahac o6 aissaan o asdnonib-fal Nuliiert ggar

culture medium (NA) 5.0 g beef extract, 10.0 g peptone. 5.0 g sodium ¢ 15.0 g agar
are addled te ©0R0afir peirifiede-whted on deigriizecswatererThearhixtupecisplasechin adléisketo 20 mix and
then is heated in a boiling bath to sufficiently dissolve. 0.1 mol/L NaOH solution or hydrochloric acid
solution is used to adjust pH to 7.0-7.2 (25 C). The resultant solution is then sterilized with a high
pressure streamsterilizer for,3Q:minutes at 121 C. If not used immediately after preparation, the
solution should be preserved at 5-10C for less than one month. 25(3) Standard agar culture medium
2.5 g Yeast extract. 5.0lgpéptonéndl .0gigticcasdtand 4@y agarase adtedne:t RO mkpubified water
or deionized water. The mixture is placed in a flask to mix and then is heated in a boiling bath to
sufficiently SR E UG THBTAIANEEH SaR G BRSBTS HE a8t i€ used to adjust pH to
7.0-7.2y(25 C). The re%yjtwﬁglg%g&ﬂs(ﬁ%qﬁen sterilized with a high pressure stream sterilizer for 30
minutes at 121 C. If not used immediately after preparation, the solution should be preserved at 5-10
C for less than one manthg péeStapectcifttre mapaioerand 5.0 g sodium chloride are added to 1000

ml purified water or deionized water. The mixture is placed in a flask to mix and dissolve.
0.1 mol/L. NaOH solution or hydrochloric acid solution is used to adjust pH to 7.0-7.2 (25
°C). The resultant solution is then sterilized with a high pressure stream sterilizer for 30
15  minutes at 121 °C. If not used immediately after preparation, the solution should be
preserved at 5-10 °C for less than one month.
{2) Nutrient agar culture medium (NA)
5.0 g beef extract, 10.0 g peptone, 5.0 g sodium chloride and 15.0 g agar are
added to 1000 mL purified water or deionized water. The mixture is placed in a flask to
20 mix and then is heated in a boiling bath to sufficiently dissolve. 0.1 mol/L. NaOH solution
or hydrochloric acid solution is used to adjust pH to 7.0-7.2 (25 °C). The resultant solution
is then sterilized with a high pressure stream sterilizer for 30 minutes at 121 °C. If not used
immediately after preparation, the solution should be preserved at 5-10 °C for less than one
month.
25 (3) Standard agar culture medium
2.5 g Yeast extract, 5.0 g peptone, 1.0 g glucose and 15.0 g agar are added to
1000 ml. purified water or deionized water. The mixture is placed in a flask to mix and
then is heated in a boiling bath to sufficiently dissolve. 0.1 mol/LL NaOH solution or
hydrochloric acid solution is used to adjust pH to 7.0-7.2 (25 °C). The resultant solution is

30 then sterilized with a high pressure stream sterilizer for 30 minutes at 121 °C. If not used
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6-10 mL nutrient agar culture (NA) which is melted after heating is poured 5 into a test tube. A high
pressure stream sterilizer is used to sterilize the nutrient agar culture and the tube for 30 minutes at
121 C. After sterilization, the test tube is placed on a clean workbench by inclining 15 and then the

nutrient agar culture solidifies. If not used immediately after preparation, the sloped culture medium

should be R?ﬁﬁ@&}éﬁgﬁhﬁel%&pfﬁéﬂ%?é &%%@M&d%@é@%&’a@@l@ @El%ﬁdﬁeﬂi&{%ne
17.0 g casein peptone, 3.0 g soybean peptone, 5.0 g sodium chloride, 2.5 g potassium hydrogen

phosphaten®sily glucose and 10.0 g lecithin are added to 1000 mL purified water or deionized water.
The mixture is placed @ aﬁIIasl%to%[nix and. sufficiently dissolve. 7.0 g nonionic surfactant is added. 0.1
mol/L NaOH solution |) y%ﬁ% i F}g%giadi%olution is used to adjust pH to 6.8-7.2 (25 C). When the

culture medium is useg, 1@%@'%%@9#&@&@@9@?&)@ BRHYDE-QFaN %@Wﬁ@ﬁﬂﬁgf@%&ﬁigh

pressure stream sterilizer is used to sterilize the culture medium for 30 minutes at 121 C. If not used
immediatelyntafteripsepalration hisb cuttisteartedium sholigibaspresériredtat B2¢0IC fontidsst thgar one

th. 20(6),Phospharic acid b . T9.a flask is added 34.0 g potassium dihyd
osphate U D T ter P U 3b bt S 6 R b LA A H1stbive
potassium gibytiraeRpbRIRNAIG Nk Mol Nagd: 1isalutionis deaed (0 adiust B 19r6:8 (425 C).

Purified water or deionized water is then added up to 1000 mL. When the solution is used. 25 the
solution is &dtedimelestiigh@scopwtiennibyestdhedkeribng stediizedsiitd highpsressiak altfedtn Sterilizer
for 30 minui‘toersl at 121 'C, Theg) osphoric acid buffer which is preserved for one or more months after

preparation Can not be 058 "Phosphoric acid buffering physiological saline Physiological

saline; fcomprising 0.85% sopiumpebiptidais Msedite dilute the 30above phosphoric acid buffer (800
times dilution). When phosphoric acid buffering physiological saline is used, it is added in a test tube

or an erlenmeyer flaskl Athigjkasres amicsieedr sterilibertisneséento StbritizephosphisticlacitiSbaffering

physiological saline for 30 minutes at 21, . The phosphori cig buffer which is preserved for one or
ore monthe et BroL AOh AR Bt e Lo abr e b bt BT of

bacteria shpyligibe wandustas sterigivalhe natnum b ecplating #ing sieriizedi Dy dlamerisivsed to
scrape a ring of preserved bacteria, and then streak-inoculated to a sloped culture. After culturing for

24-48 hourdiatdver . 0e@otien o wakerat ayedsebdhlca el 5 A8 Traticaneféy shaditbte avdducted
once again within a. month. However, the ration pumier of the switch is limited within, 19
genera ionssoaiﬁ%ot%ésb%%etgrﬁ‘é as%f%fc’:tr@(:%Ittfi’re' T?'ﬁr?’s"ervaéd or Feﬂss{,} ' ohe nrﬁ%grl%fﬁq? 65 T5f's &ps 15(1)
Pre-culturingi @t BAGI@na is added in a test tube or an erlenmeyer flask. A high pressure stream

sterilizer is used to sterilize the culture medium for 30 minutes at 121 °C. If not used
immediately after preparation, the culture medium should be preserved at 5-10 °C for less
than one month.
20 {(6) Phosphoric acid buffer
To a flask 1s added 34.0 g potassium dihydrogen phosphate. 500 mlL purified
water or deionized water is added to the flask to sufficiently dissolve potassium
dihydrogen phosphate. 0.1 mol/l. NaOH solution is used to adjust pH to 6.8-7.2 (25 °C).
Purified water or deionized water is then added up to 1000 mL. When the solution is used,
25  the solution is added in test tubes or erlenmeyer flasks, and sterilized with high pressure
stream sterilizer for 30 minutes at 121 °C., The phosphoric acid buffer which is preserved
for one or more months after preparation can not be used.
(7) Phosphoric acid buffering physiological saline
Physiological saline (comprising 0.85% sodium chloride) is used to dilute the

30 above phosphoric acid buffer (800 times dilution). When phosphoric acid buffering



The above preserved stains are inoculated to a sloped culture with a platinum inoculating ring. The
stains are cultured for 16-24 hours at 35 C 1 C, and then transferred again, and cultured for 16-20
hours. (2) Preparing test pieces 20A square piece with 50 mm 2 mm (the thickness is less than 10
mm) is cut from the flat portion of a product as a test piece with a standard size. Six crude test pieces

and three aptimj 3] test pieces are.prepared, Of the six crude test pieces, the viable cqunts of
S%&i%% Sed?éliis 15 USEC (1:?81.? ac{ged lt‘ia?_ ?GSJt u:i)e tﬁl_‘ an Ei?@nlﬂéﬁ&l‘ C%)%ﬁ‘lé f§ Ig'{h

. N 1
three piec edia measure ter inoculating, while the viable"cou otherthree

pieces are pagasti egaftesintouatingéart24tbanrs. ZhEHh\Mashing B eshRieeesiological lHABRDOVE
test pieces are slightly wiped two to three times with absorbent cottons stained with alcohol and then

dried sufficiehdy). Hagks tehtrheht AfiesBognhesist seiduhe! Sthebilitiohscasathe deicamebes a¥ad to clean
the test pie A-clean st pieces,can be used. 30(4) Preparing test bacteria solutions
Sl SR T P

The above broth cu 00 times with purified water. 0.1 mol/L of NaOH solution or
hydrochloric acid solution is used to adjust pH to 6.8-7.2 (25 V). The 1/500 NB inoculating solution is
prepared by high pressure stream sterilization. One inoculating ring of the above pre-cultured bacteria
is taken ané- diSSEIvREOm ABBYNB 5 inoculating solution. The resultant solution is diluted to 2.5 x 103

110 x 103/m, bacteriahgguniay fgotysadiecplath e progarerbacieryol4ion sguidpe

preserved at 0 C and used within 4 hours. noculating The washed tést pieces are place

sterilized platesiréspectiveltiThe testlddcsiriace is plaged Lpwards:@:-4rild teatbactenia gefution is
accurately taken with a pipette and dropped on each test piece in a plate. The test piece is covered

with film. TRECRITIS PSSt catkiony Sk thArftRietastbagEadotdiberspréads Gt shotfid e noted
that the inqghlating,solution s '%f@h%v flaw Jrom Jhe %@%ﬁf%%8%85éﬂsféﬁf%n%';%éx;&%ﬁﬁsaput on

the plate (see Fig 3). ISIt should he noted that the test surface Is the surface o antimicrobial
product. Thewsthnéhrdsize ticthenfitatishauleibe afshuare with ABnmel sva M. o6 Ceubisinind

The plates with the test pieces inoculated with the test bacteria solutions (three crude test pieces and
three antinfids SBRFPRotktast isdds pareaisfuid st ban rrome™Mbat 35 C | C under the relative
humidity of not less than 90%.

6. Test steps
15 (1) Pre-culturing test bacteria
The above preserved stains are inoculated to a sloped culture with a platinum
inoculating ring. The stains are cultured for 16-24 hours at 35 °C + 1 °C, and then
transferred again, and cultured for 16-20 hours.
(2) Preparing test pieces
20 A square piece with 50 mm + 2 mm (the thickness is less than 10 mm) is cut
from the flat portion of a product as a test piece with a standard size. Six crude test pieces
and three antimicrobial test pieces are prepared. Of the six crude test pieces, the viable
counts of three pieces are immediately measured after inoculating, while the viable counts
of the other three pieces are measured after inoculating for 24 hours.
25 (3) Washing of test pieces
The above test pieces are slightly wiped two to three times with absorbent
cottons stained with alcohol and then dried sufficiently. If such treatment affects the test
results, other suitable methods can be used to clean the test pieces. Non-cleaned test pieces
can be used.

30 {(4) Preparing test bacteria solutions



(7) Eluting a) Test pieces inoculated with test bacteria solutions After inoculating the three
crude test pieces, the cover films and test pieces are immediately placed in a stomacher sack with
tweezers. 10 mL SCDLP broth culture fluid 25is added with a pipette. The test pieces and cover films
in the sack are rubbed with hand for eluting. The viable counts in the eluate are calculated. b) Cultured

test pi Theab I t ' luted., i . [ that for th d
cat bicces. The viabe! IO I Ay TR DA JoMey PE ABIE nideria

test pieces. The viable counts in the elua cu

count methadl/L. of Na®HLsteRovelsidaieisacesi@tpidan it @ pinefang pUs igtp atest tube
containing 9.0 mL physiological saline phosphoric acid buffer to sufficiently mix 1 mL the resultant

solution is drew frorh1AB BBt pselditheasnbriqipetiecant punidtizhnoeietesreabestartianting 9.0 mL
physiologi é?%"é‘& aﬁ%s%%gﬁﬁ'éja%%ﬁgﬁa}%-ﬁﬂffh%!n? 'Xc{'é'%'aTFh%k?nprS %}ja”sﬁg S ?rf?ﬁ:@éﬁﬁsz‘fd”d“d

. [ W
a series of increasing dilutions. | miL éluate and each difution are added into two

plates srespestively1 S RO¢AL Biandaitiagan kit e pgismwhich.s; heatgd:tq @48 pycisplaced on
each plate to sufficiently mix. The plate is covered with a cap and placed at the ambient temperature.
After the C&RHPéSn%E}RIM5§6I}6}%§§%3@I§¥é nEeRmsE b avisriare etipurelepod ho w8 sstd atBE V' 1 C.
10 After culturing, the, er of the plates in which the dilution has 30-300 bacterial counts is
calculated.%ﬁl?%a%%ﬁ%rﬁgé%ﬁ% on the plate with 1 mL eluate are less than 30, the bacteria counts of
the plate are calculated)lfiedlagigria counts are on the plate, it is recorded as 157. Calculation of
viable counts Viable counts are calculated with the bacterial counts according to the following

formula: N= CxDxV wHéfeirasbsd (Aalbricssudrs @aeds test predéged plates, respectively. The test

10 surface is placed upwards. 0.4 mL test bacteria solution is accurately taken with a pipette
and dropped on each test piece in a plate. The test picce is covered with film. The film is
pressed carefully such that the test bacteria solution spreads. It should be noted that the
inoculating solution shall not overflow from the outer edge of the film. Finally, a cap is put
on the plate (see I'ig 3).

15 It should be noted that the test surface is the surface of the antimicrobial
product. The standard size of the film should be a square with 40 mm = 2 mm.

(6) Culturing
The plates with the test pieces inoculated with the test bacteria solutions (three
crude test pieces and three antimicrobial product test pieces) are cultured for 24 + 1 hours

20 at 35°C # 1 °C under the relative humidity of not less than 90%.

(7) Eluting

a) Test pieces inoculated with test bacteria solutions

After inoculating the three crude test pieces, the cover films and test pieces are
immediately placed in a stomacher sack with tweezers. 10 mL SCDLP broth culiure fluid

25 1s added with a pipette. The test pieces and cover films in the sack are rubbed with hand for
eluting. The viable counts in the eluate are calculated.

b) Cultured test pieces
The above cultured test pieces are eluted in the same manner as that for the
crude test pieces. The viabie counts in the eluate are immediately calculated.

30 (8) Plate viable bacteria count method
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C: bacterial counts (the mean value of the bacterial counts of the two plates) D: dilution rate (the rate
by which the dilution is made up to the plate) V: volume (mL) of the SCDLP broth culture medium used
in elution The viable counts are recorded with two significant digits after rounding up or 95 down the
third significant digit. If the bacterial counts are "< 1", the viable counts are recorded as "< 10 (under
the condition of 10 mL}UAI\E% théé? mean V?Iue of the waBIe counts is calculated, the arithmetic mean

0

value of viable counts it each afthe has 18 A HIMAE STExyHikbed RRGH e Rt dut Wf_ﬂ]at\y\?étﬁﬁ’r‘ﬁfipant
digits after ¢onndingsUpRdow tha dbitdsignificantgisitid themean value afaalls coupts is "<

10", the mean value of 30the viable counts can be recorded as 10. 8. Test results’(1) Judging
conditions B¢ teselestaphtior it drew fronf thettstiowiny ithreecondlitichsaardkmieithentebtigest

determined to be valid. 5Unless all the conditions are met, the test will be determined to be invalid and
sﬁa?trrgéncgﬁ%e%ﬂgﬁl L Lé m p@%ﬂ@%‘ﬁ%ﬁ:ﬁ%ﬁl@ﬁ " 15g%H Pﬁ‘#ﬁ‘iﬁ% BRI E ifits! B6tained

from he crudedesimiece afiesdnocatios: shRwles meet.-(h1max:tdain) Imon0-2 Aowherein Jmax:
maximum logarithm value of viable counts L;n: minimum logarithm value of viable counts
cach dilution are added into two sterilized plates, respectively. 15-20 mL standard agar
culture medium which is heated to 46-48 °C is placed on each plate to sufficiently mix. The
plate is covered with a cap and placed at the ambient temperature. After the culture
medium solidifies, the plate is turned over and cultured for 40-48 hours at 35 °C + 1 °C.
10 After culturing, the number of the plates in which the dilution has 30-300 bacterial counts
is calculated. If the bacterial counts on the plate with 1 mL eluate are less than 30, the

bacteria counts of the plate are calculated. If no bacteria counts are on the plate, it is

recorded as “< 17,

i5 7. Calculation of viable counis

Viable counts are calculated with the bacterial counts according to the

following formula:
N=CxDxV

wherein
20 N: viable counts (each test piece)

C: bacterial counts (the mean value of the bacterial counts of the two plates)

D: dilution rate (the rate by which the dilution is made up to the plate)

V: volume (mL) of the SCDLP broth culture medium used in elution

The viable counts are recorded with two significant digits after rounding up or
25 down the third significant digit. If the bacterial counts are “< 1”, the viable counts are
recorded as “< 107 (under the condition of 10 mL). Afier the mean value of the viable
counts is calculated, the arithmetic mean value of viable counts in each of the three test
pieces is calculated and recorded with two significant digits after rounding up or down the
third significant digit. If the mean value of the viable counts is “< 107, the mean value of

30 the viable counts can be recorded as 10.
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Lim: logarithm value of the mean viable counts b) The directly calculated logarithm value of
viable count obtained from the 15crude test piece after inoculating should be in the arrange of 1.0
x105-4.0x 105 cfu/piece. c) The viable counts of all the three test pieces obtained from the
crude test pieces after culturing for 24 hours should not be less than 1.0x103 cfu/piece. However,
when cover films are used to cover the crude test pieces, the viable counts of all the three test pieces
after placing for 24 hours should not be less than 1.0x104 cfuipiece. 20 (2) If the test is established,
the antimicgohigdirata;is calculated with the following formula, in which the value has two significant
digits after rounding up or down the third significant digit: R(%)-(B-S)/Bx 100 wherein 25R:
antimicrobial rate (%) Bt netsneconvdityorafite tesaststdisbrudettest pieces tcfu/pieee) S: mean

recovery viable count fan icrobial.product est ieces (du/piec CIFIC EMBODIMENTS 30In
an aspect, the presen?lgpp |¥3rﬂ REIPEETP RS %Wf hiithitiEbhi 1?:5%%#@ %6%?5‘?@‘? S#Hicrobial

effective aropuaisofisilner-pauvders afedrﬁalrtlﬁﬁ%ﬁaﬁhpgw%&érma@aem theialven %Wf&%‘ﬁ%d the
stainless steel powders are present in the form of physical doping in the antimicrobial coating. In some

preferred efabéRfiraemsathe antimicrobial coating comprises an 5 antimicrobial effective amount of

silver powders, copper ders a dst teel powde rein the silver owde the copper
powders and the stainft s(isxﬁstt;%e eﬁo%&ers arg’%pjgé%rﬁ%]fﬁ’ NAT: lfgr?f SRRy SRATESHIRY! 8“ér1i]t‘iﬂ1lcroblal

coating.  cruddnesppie:emkedivanisiibenntimicabial coating comprises about O 01-30% silver
powders and stainless steel powders, wherein the silver powders and the stainless
(Lanax ~Emin}/ Ly << 0.2
10 wherein
Lmax: maximum logarithm value of viable counts
Linin: minimum logarithm value of viable counts
L logarithm value of the mean viable counts
b) The directly calculated logarithm value of viable count obtained from the
15 crude test piece after inoculating should be in the arrange of 1.0x10°-4.0x10° cfu/piece.
¢) The viable counts of all the three test pieces obtained from the crude test
pieces after culturing for 24 hours should not be less than 1.0x10° cfu/piece. However,
when cover films are used to cover the crude test pieces, the viable counts of all the three
test pieces after placing for 24 hours should not be less than 1.0x10* cfu/piece.

20 (2) If the test is established, the antimicrobial rate is calculated with the
following formula, in which the value has two significant digits after rounding up or down
the third significant digit:

R(%)=(B-S5)/B=x 100
wherein

25 R: antimicrobial rate (%)

B: mean recovery viable counts of crude test picces (cfu/piece)

S: mean recovery viable counts of antimicrobial product test pieces (cfu/piece)

SPECIFIC EMBODIMENTS

30 In an aspect, the present application is directed to an antimicrobial coating
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10steel powders are present in the form of physical doping in the antimicrobial coating. In some
preferred embodiments, the antimicrobial coating comprises an antimicrobial effective amount of silver
powders and stainless steel powders, wherein the silver powders and the stainless steel powders are
present in the form of physical doping in the antimicrobial coating and the ratio of the silver powders to
the stainless sigedingwderskifBRALHLRLNRIONiIver podiSAMRINEIRIEd GRPRMimERts, the
antimicrobial coating comprises an antimicrobial effective amount of silver powders and stainless steel
powders, vHesesin tHee silverr powdlers and the stainless steé| powdiessaareppeessnirintbefformadt
physical d%%{ngl in‘t e an)ti.m%%robial c:oat'g]gl and the ratio of the silver powder to the stainless steel
powder is 2 ABGH -QB%lBy v%’f&ﬂpmm 12 {0 lHRe embodiments, the antimicrobial coating
comprises an antimicropia gffe¢iive AEoumridsheiDowders cRRRA Powdars And slairless steel
powders, wherein the silver powders, the copper powders and the stainless steel powders are present
in the formasttiphysidatldepfiagiin theantimitrothiar coetiferanddpreratiovoldtie mobperipovedeictd 25the
stainless steel powder is.about 9.1-40% W(ﬂ%ht. ~__Insome % odiments, the antimjcrobial
coating comprises an antimicrobiar eHetivE a L?I%)PB?ISR\?&[%&SN% SR POWHEHPIRE Stainless
steel powdgys pyiieiein the silvesMMVERE (hSGORPEE RAWERERBNA thgisiainless steel powders are
present in the form of physical doping in the antimicrobial coating, the ratio of the silver powders to the
30stainless steel powd&rsdisalssth@ 018694 Iy awsightahidteatitie obthericoppéopodérid stainless

steel powder1 is abg\%hg:sl-4 %tb Ewei%pt.] q In some emﬁiodi?ents, th% antin%c%bial coating
bial effective amourtt of siver bt St RERYPAEE ot ifomium

. SHVEY ﬁD @ll” 61'6&8
comprises an an imicrobial effectivé’amou sliver powdader

stainless staetpawdris svhesinthe siverpewdatsRaditigdickekbasad coptaining chromium
stainless Ssteel powders are present in the form of physical doping in the antimicrobial coating.
In some embodimentsiitheoartimiefobial coabiedjveniprides antantimibrdbietastfactiveramssntof silver

powders and cobalt:b: set? containin (ihorpr%ltum stalgless %tjesetl quders wherein the silver %owders

and the coggfgggs%b ton gﬁ’lill’]% chromidm Stainess s 1‘ese?lpowff'enrse Sasrét%erieggw ﬁ%’%@%’f?ﬁ“o 5hysical

doping in the antipisieliahgaplingini@dnsene wmbogdimaetsnthg ﬁﬁtmg@@iﬁhﬁg@mn@ogmg Rrises an

antimicrobial effective amount of silver powders and the iron-based containing chromium stainless

steel powd&rs antieveiatise sinarpowWdesTang aidironltasposaimainingieiromizan stalmessisteel

powd§ s arg egw;#go}pg form of physical doping in the antimicrobial coating. In some embodiments,
[

the anfimicrobial coating ¢ rﬁ”ﬁ}%&g an antimicrobial 15 effective amount of silver powders with the

particle size of about 2Q0 $en2908¢nesk aneistainiess Sieel RRWERtH MR Ie éﬂwgri%eyv%rs and
the stainless steel powders are present in the form of physical doping in the antimicrobial coating.
antimicrobial effective amount of silver powders and stainless steel powders, wherein the
silver powders and the stainless steel powders are present in the form of physical doping in
the antimicrobial coating and the ratio of the silver powder to the stainless steel powder is
20 about 5-10% by weight.

In some embodiments, the antimicrobial coating comprises an antimicrobial
effective amount of silver powders, copper powders and stainless steel powders, wherein
the silver powders, the copper powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating and the ratio of the copper powder to

25 the stainless steel powder 1s about 0.1-40% by weight.

In some embodiments, the antimicrobial coating comprises an antimicrobial
effective amount of silver powders, copper powders and stainless steel powders, wherein
the silver powders, the copper powders and the stainless steel powders are present in the

torm of physical doping in the antimicrobial coating, the ratio of the silver powders to the

30 stainless steel powders is about 0.01-30% by weight and the ratio of the copper powder to



In some preferred embodiments, the antimicrobial coating comprises about 0.01-30% silver powders
with the particle size of about 200 to 2000 mesh and stainless 20 powders, wherein the silver powders
and the stainless steel powders are present in the form of physical doping in the antimicrobial coating,
and the stainless steel powders are nickel-based containing chromium stainless steel powders,
cobalt-based containin chrgmlu%s%a}lz@hisiog}e el powders, iron-based containing chromium stainless
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steel powders or any MIktULe thereot 2511 Some more Preferred embodiments, the antimicrobial

coating comprises about do2%siverRawdars withthe-saricle size AfARL200, te:2000 mesh and
stainless powders, wherein the silver powders and the stainless steel powders are present in the form
of physical #&psingcirtreantihfidrsbind edatigndmicied-andesmtteshp chvdensiare pickesbasdd
containing chromium stainless steel powders, copglt-based containing 30chromium stainless steel
powders, iron- é;égséd“@(f)eﬁ 5%%%%%?%? fun Seadil s%‘%t%@(‘éld Sasc%?qﬁwnr%&%?g‘llﬁg}é&mless In
some moresprafpsredeerahogiseite the f@ﬂ&m&cm@b@émﬁlfﬂﬁg:miﬁﬁﬁlﬁ@%iér%Q%h%é'.ver powders
with the particle size of about 200 to 2000 mesh and stainless powders, wherein the silver powders
and the stainless steellpoiWdiersrabeGraaelst et fonmr® ofl phiysioal dopinigdn theaantintorblial
coating, an stainless steel.powders are nickelsbased containing chromium stainless steel
powders, cggygﬁll%)gsae%oggﬁt(gﬁsﬁ%e%II?PS"rfndﬁrSnaé %iﬁ ALY pSQVIH%I?%?ﬁo }irﬁgﬁlél&]c%ﬁ’t%??ﬁﬁduéﬂromium

stainless stgehpowdeieiame kit @dheEeoldnsoneBuenInQLEe Rraisred embetiments ihe
antimicrobial coating 10 comprises about 0.01-30% silver powders with the particle size of about 200

to 2000 me¥RclHas1AEaS T P Esowde iwhtiistae gartivieiside ohtibooted0 ty@0@0 mesh and
stainlggs steel powderi,l wherein hOe 1silve{sp wdera theo%?g‘oer owders and the stainless Et%g
dn [ s steel

A S hpine SReH AT RS, 3hct e Sea

powders are present in the form o physical doping ifﬁut(ﬁe an

powders areffiigfel-hasedacaniidiving cRraim Slainkessasteetoowdais . 1o.cohalthased cartaining
chromium stainless steel powders, iron-based containing chromium stainless steel powders or any

mixture theP&8ders. Whepsaghfesdneboaivisnisingeharitimibasisiabotaning flnbeiworsiphdess traek
amount of ¢| s, heneficial to,the human, body., The. examples of ele ensbenejicial to the human
body which%can 25% aé%pggﬁﬁg?ﬁ%% Fn?ﬁ%‘§§fﬁﬁéégli§P881 i%% ﬁ%@%?&%%ﬁ?g%op%&ion include, but are

not limited to, potassium, waheiwmbaitieGEo Mk ahiRHEkRIbEAbalt MANGANSSRsIAN A MAGRESIMN,
molybdenum, titanium and any mixture thereof. In some embodiments, the antimicrobial coating

comprides SHeHH RSB effsbiveranidemt withiler pstiriersizmaisshinie 29 twel povamed sviderein
the silver powders, 25 and the stainless. steel pawders arc present in the form of physical doping in the
antimicrobig%é,éoatigng an t%e gnstirﬁkfiéﬁzilglﬁggaiﬁnvg&‘ rf&%‘%?"’%r%%%éé‘% tsrtéil(l:%{%asrsngﬁzr% P Bvcgv%e §/e
potassium, jpakeinirn tiadoahrempiummicnickglirgobalicmanganesailicaminpagnesium, molybdenum,
titanium and any mixture thereof _

in some preferred embodiments, the antimicrobial coating comprises about

0.01-30% silver powders with the particle size of about 200 to 2000 mesh and stainless

20 powders, wherein the silver powders and the stainless steel powders are present in the form
of physical doping in the antimicrobial coating, and the stainless steel powders are
nickel-based containing chromium stainless steel powders, cobalt-based containing
chromium stainless steel powders, iron-based containing chromium stainless steel powders
or any mixture thereof,

25 In some more preferred embodiments, the antimicrobial coating comprises
about 1-20% silver powders with the particle size of about 200 to 2000 mesh and stainless
powders, wherein the silver powders and the stainless steel powders are present in the form
of physical doping in the antimicrobial coating, and the stainless steel powders are
nickel-based containing chromium stainless steel powders, cobalt-based containing

30 chromium stainless steel powders, iron-based containing chromium stainless steel powders

20



In some preferred embodiments, the antimicrobial coating comprises about 300.01-30% silver
powders and stainless steel powders, wherein the silver powders and the stainless steel powders are
present in the form of physical doping in the antimicrobial coating and the antimicrobial coating further
comprises trace amount of powdery potassium, calcium, zinc, chromium, nickel, cobalt, manganese,
iron, magnesium, molybdenum, titanium and any mixture thereof. 5In some preferred embodiments,
the antimicroBial @3%{%{5 gﬁﬁ‘fﬁﬁses an antimicrobial effective amount of silver powders with the
particle size of about 260462000 raesla and alhieRsHIRel PAY ISR IRANEID (g e paydars and
the stainless steel powders are present in the form of physical doping in the antimicrobial ‘coating and
the antimicebbizl Td&fingifurthervetarpriskshtrase iritosint of pOwmdelY(priasSiItimegaloidrntzifess 10
chromium, nickgl, cobhalt, manganese, iron, magnesium, molybdenum, titanium and any mixture
thereof | PONIE G LSRR Br oA FeRP SR 150 e AR U ST FHTE R GO BR GTomb HSE deidi
0.01-30% silveypawse i t rticle si f 200 t; b .1-40% copper
powders with m@particﬁi}ggg (f'fle at%%ut 200 %é% %%@C?Sru%ﬁgus%hbén%gﬁlr%ggﬁg%%tg%}egoéwoﬁ%gfp Wkﬁerein the
silver powd@keltenesshperowiderschrunthienstainlelsssstekpopsiedsar c qiesebhiadhedormiakphysical
doping in tré r%ntimicr biall coattinf and the .antir%%robial coating further comprises trace amount of
powdery pStasSURT SHIEHRRT JieC PORFOHHURT THRASS COMRRIHAAYARSE! Fam magiabrpwders
molybdenugs,fitarium;angianyrmixture thereof. 20In some more preferred embodiments, the
antimicrobial coating comprises about 0.01-30% silver powders with the particle size of about 200 to
2000 mesh and stainldgs steet powdersiowhersifethal sitvebpdiwders atid theistainesaistesdpawders
are pr en% irllnthre‘;é%rgg of_%hgfjgﬁ,%doé{)in in tgg anti%iﬁobial coating, the stainless steel powders are
nickel-Dased CONEAININY Chromitin Staifess SHsEl BoNdRT L EIEHEHAI R Rk ARTHg eAPErmERh:
stainless stgalpowdans;drashhasedearaining v ominasiainless Jsel POWASTS AR HIXe
thereof and the antimicrobial coating further comprises trace amount of powdery potassium, calcium,
zinc, chrondfdiflasic kst cotaitenn anbginisstheirgivan agndsisnhmobyipde pomdditaaidmbandaatysmixture
thereof steel OI& ggwgem%re Eefeﬁ'aedfembo Iiér%?:}:nts the antimicrobial coating comprises 30about
0.01-30% sﬁver%ow&ers With tie parficte Lz ﬁ?‘zgﬁﬁlﬁ%%?]ﬁﬁﬁﬁﬁ’@.‘ﬂ?9@@)bc%@ﬁb‘éraﬁéwders
with the partiela.sizeafs200 »200Q meshcapdisiainless stagl Powdersyhsrain the silvetpawders, the
copper powders and the stainless steel powders are present in the form of physical doping in the
antimicrobig e¥atmecdheenamess sthesimowdess2aresicketdasedvderstaining- shraimivonsiainjess steel
powders, c&pr%lr%-é)ual%egagqgstgis ing 5 chromium stainless steel powders, iron-based containing
chromium stainless sieel powdersor any mixiire therEoH4RE%he antimicrobial coating further
comprises trace amoul GlopVERNATRSSUNLCARIM A CRRMIUMRRIgke! . 6ohalt . manganese,
iron, magnesium. molybdenum, titanium and any mixture thereof. In another aspect, the present
application38'eireiceb §lenaisiengiowliey, the human body.

The examples of elements beneficial to the human body which can be

20 contained in the antimicrobial coating of the present application include, but are not limited

to, potassium, calcium, zinc, chromium, nickel, cobalt, manganese, 1ron, magnesium,
molybdenum, titanium and any mixture thereof.

In some embodiments, the antimicrobial coating comprises an antimicrobial

effective amount of silver powders and stainless steel powders, wherein the silver powders

25 and the stainless steel powders are present in the form of physical doping in the

antimicrobial coating and the antimicrobial coating further comprises trace amount of

powdery potassium, calcium, zinc, chromium, nickel, cobalt, manganese, iron, magnesium,
molybdenum, titanium and any mixture thereof,

In some preferred embodiments, the antimicrobial coating comprises about

30 0.01-30% silver powders and stainless steel powders, wherein the silver powders and the
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10 wherein the surface of a substrate is coated with an antimicrobial coating comprising an
antimicrobial effective amount of silver powders and stainless steel powders, wherein the silver
powders and stainless steel powders are present in the form of physical doping in the antimicrobial
coating. According to the functions and properties of the metal product, any suitable 15substrates can

be coated with the antimicrobial coating of the present application. . The examples of the
SRR SIEE TSRS 16 Breseie Botfodtion Rlciome Btk PR R I FREs metal

W
substrates Whi

a non-ferrousmetak.an aloy.andia-stainlesastiee nHige gs:of ihededauadnelp! whichgan be

used as the substrate of the 20present application include, but are not limited to, iron, manganese and
chromium. potassiulrhe @teimple ot thehnomifermousar@talowhidh canrgenssed asthersasisatm of the
present apg{iq ggn include, but are not limited er, nickel, cobalt, lead, zinc, tin, antimony,

a d , to, co
titanium, zwc%r}{lur%?%@}%%lé%ﬁr%? uaﬁléfs‘f@ﬁflgﬁ%%ﬁﬁ ' and yttrium. The examples of the alloy which
can besused as the substiaieofghe-presenhndaiaRpication inclige Jiitarg ot dimitad inestes! .

aluminum alloy, copper alloy, magnesium alloy, nickel alloy, tin alloy, tantalum alloy, titanium alloy,
zinc alloy, Ablybekehish elifestiandizicconiofrsdiiey powders Tl drampléedobine sfaihiegs28@edbwhich

can be us the substrate of the present application include, but are not limited ta, a martepsite
type stainlee?sos6 étgléﬁs.’ﬁa%@togzﬂs Chity gellpgos\f?éfa Fes‘gc}%etrgél?, %‘?e?l’ﬁ@rtypﬁé’v tATnt8 siﬁg?eséﬂilé?‘?fﬁ ﬁl@ﬁptype
stainless siaakdandathgdikent in thel RGeS Gl themeta) Rredustrelatethia e Rresenthe

application include, but are not limited to, a kitchen utensil, a medical appliance, and the like. In some
embodimeAtsinherexahyoldinsfiththritepapritensidncudenbof arevdotShimmitsdito, cultternceoking
utensil0 slicg rglrrigiur}g to9| élChco %ﬂcks apd the like, In.other eﬁggdiments, the examples of the
medical apphianceitchide; bt e notimtEd to e FEan Ge il RRLBLF SS9 Fhgae Hidrs,
orthopedic tyigeze he@atomic tweezers, dressing tweezers, anatomic tweezers, dissecting needle,

nervous percussion hammer, ophthalmic surgical scissors, eyelash tweezers, ophthalmic tweezers,
In some more preferred embodiments, the antimicrobial coating comprises

about 0.01-30% silver powders with the particle size of about 200 to 2000 mesh, about
0.1-40% copper powders with the particle size of about 200 to 2000 mesh and stainless

15  steel powders, wherein the silver powders, the copper powders and the stainless steel
powders are present in the form of physical doping in the antimicrobial coating and the
antimicrobial coating further comprises trace amount of powdery potassium, calcium, zinc,
chromium, nickel, cobalt, manganese, iron, magnesium, molybdenum, titanium and any
mixture thereof.

20 In some more preferred embodiments, the antimicrobial coating comprises
about 0.01-30% silver powders with the particle size of about 200 to 2000 mesh and
stainless steel powders, wherein the silver powders and the stainless steel powders are
present in the form of physical doping in the antimicrobial coating, the stainless steel
powders are nickel-based containing chromium stainless steel powders, cobalt-based

25 containing chromium stainless steel powders, iron-based containing chromium stainiess
steel powders or any mixture thereof and the antimicrobial coating further comprises trace
amount of powdery potassium, calcium, zine, chromium, nickel, cobalt, manganese, iron,
magnesium, molybdenum, titanium and any mixture thereof.

In some more preferred embodiments, the antimicrobial coating comprises

30 about 0.01-30% silver powders with the particle size of 200 to 2000 mesh, about 0.1-40%



10throat sprayer, throat mirror, tuning fork, dental tweezers, dental probe, trumpet anoscope, and the
like. In some preferred embodiments, the antimicrobial coating coated on the surface of the
substrate of a metal product comprises an antimicrobial effective amount of silver powders, copper
powders and stainless steel powders, wherein the silver powders. 15 the copper powders and the

stainless SL%%IDQPWQ&;@QV%REGQ%WEQMQ torm g RiysicalfePing N dhe SR sreet pollfPMe

embodiments, the antimicrobial coating coated on the surface of the substrate of a metal product
comprises abouti®10¢ -804 piveicpowidersard staidtesasiedlposvierss, siwbepeindhe sitverqenvders
and the stainless steel ngders are present in the form 200of physical doping in the coating. In

some prefaftétf dRiBbAMBRIE AndORHEM I A1 U KRG b 5nat M thie Siiess BrehaUdsi 818 of a
metal prodygiepmRiaes ahot h-20Re AN PaRIS aud sfalfiesn tecl paigte  WigIp dle siver

powders and the stainless steel powders are present in the form of physical doping in the coating. 25In
some prefermechembodimiestsithepantimicrobiabesatingncoated onrthe surfadelofsthedulstdaie of a
metal product comprises apbout 5-10% silver. powders and stainless steel powders, wherein the silver

powders afdl f7 SRS U bFs WHEHRERBIH iFCHE BT BEpRySIERISED MiACE IR R0 afing.
In some prefrired embodiments e anim Mﬁhﬁ%@&%ﬁ%ﬁ&%&%ﬁ@?&ff?o%e, ghiheslhstrate of

a metal product comprises about 0.01-30% silver powders, about 0.1-40% copper powders and
stainless steelpoiwmders tidmeweintdesilverpowdenspothe copper powders and the stainless steel
powders are present in the form of physical doping in the coating. In.some embodiments, the

antimicrobial coating cORfSY Bt G alls FHES RIBLEAIRLFSR WEEPDr i Fcleem prasiictn
antimigrobighefigstive amauptaf siverpawders with Jhe particls sigk Blakouic0 4R A9RMESh and

stainless steel powders, wherein the silver powders and the stainless steel powders are present in the
form of physitatidoping itttk coatingnimeiverprefetred anibodirhantsictheantienicrebiaticoating
coated on tﬁme"lo surface of the substrate of a metal product comprises about 0.01-30% silver

powders with {He’ BRHRTRAS étﬁe‘lfi?%ﬁfef&)@o[g%ﬁér FIRASRSAH s tarivse SlebSRRaRINgHR I8 the

silver powdgfgane.the siaipigss steel powders are present in the form of physical doping in the
coating. In some more preferred embodiments, the antimicrobial coating coated on the
According to the functions and properties of the metal product, any suitable

15 substrates can be coated with the antimicrobial coating of the present application.

The examples of the substrates which can be used in the present application
include, but are not limited to, a ferrous metal, a non-ferrous metal, an alloy and a stainless
steel.

The examples of the ferrous metal which can be used as the substrate of the

20 present application mclude, but are not limited to, iron, manganese and chromium.

The examples of the non-ferrous metal which can be used as the substrate of
the present application include, but are not limited to, copper, nickel, cobalt, lead, zinc, tin,
antimony, titanium, zirconium, molybdenum, tungsten, scandium and yttrium.,

The examples of the alloy which can be used as the substrate of the present

25 application include, but are not limited to, steel, aluminum alloy, copper alloy, magnesium
alloy. nickel alloy, tin alloy, tantalum alloy, titanium alloy, zinc alloy, molybdenum alloy
and zirconium alloy.

The examples of the stainless steel which can be used as the substrate of the
present application include, but are not limited to, a martensite type stainless steel, an

30 austeniie type stainless steel, a ferrite type stainless steel, a duplex type stainless steel, and

23



15 surface of the substrate of a metal product comprises about 0.01-30% silver powders with the
particle size of about 200 to 2000 mesh, about 0.1-40% copper powders with the particle size of about
200 to 2000 mesh and stainless steel powders, wherein the silver powders, the copper powders and
the stainless steel powders are present in the form of physical doping in the coating. 20In some
embodiments, the substrate coated with an antimicrobial coating of the present application can be a
martensite type stainless steel. The examples of the martensite type stainless steel include, but art not

limited to, 403, 410, 4 PheAkonfl6561 hi0ndBl pddQA 44013 apdiPiesbrpesiatiess sterige,In some
embodiments, the substrate coated with an antimicrobial coating of 25 the present application can be

an austenit@'fyjse rebifisd dteal ktrkeapasnples sredieshastedinsey pedsiadikes steel include, but art not

imited to, 201, 202, 205, 301, 308, 20213, 303, 3033e. 3p4, 304l 30240, 304N, 305, 308 ad 309
type stainless steels. n some embaddiments, the substrate coaﬂe%lwn an aﬁtlmlcrc():bla coating

of the presgnfiadplication cavbknadesiie. Yre. siainiessslecbhbhaiekamplesofithe ferrite type
30stainless steel include, but art not limited to, 405, 409, 429, 430 and 430F type stainless steels.
In some embodimentsitiiehst BEtPad et diwitr aRPsini chsbratertimp btpe iprdedntappieation

can be 3 dypley e e sieel.The exaples e UABLYYIS lanigss see! e, but an

not limited to, 329 and type stainless ste some maore preferred e

antimicrobighaoatingreeatess odihsisuriaceaf thesubsitatawiametalipraduet ceaipsisasaboyt
0.01-30% silver powders with the particle size of about 200 to 2000 mesh, c&)per powders and
stainless pBHEEHE Ol Hararcth e ibelpswsrs e isspise e roindie iy srarsmerttialads srsepwders

are pr. en{ﬂ%&'@?ﬁ%r@ o{hLBQX ;ﬁﬁl Sioii’ni}?l i i!Lhrﬁ a(pti ]ctrobial coating.the stainless steel powders are
10 nickel-based onS(alrhing cﬁron{iulﬁn stgﬂl1 less ’stggT%povv%%%gséé %%l §g§% é%ur%{lgi%iﬁaoc Fomium
stainless steri ghoviidlers, iron-based containing chromium stainless steel powders or any mixture

thereof. In some even more preferred embodiments, the antimicrobial coating coated on the

surface of the su bstraté! ofoah St Bresdu SPEsIipIES éﬁﬁu?@ﬁ@l@@%&il%ﬁf‘w&@%i@ﬁhe
barticle sz, 280970 IRANI%MPRILANRUECLL AN RARNE! RRNIIEIS W e RAGIG sies of about
an powW the s th

200 to 2000 mes stainless stee ers, where Ilver powders, the copper powd%rs and

the stainlesststeelpalvtersoapeppesefit inuthiesiatnicef plybsipaldieping/iritie anfisicseliakeeaiing, and

the stainless steel powders are nickel-based containing chromium stainless steel powders.

cobalt-basdbEceriaming wie e i limstiiness et ipiivae Ricingsspak & entarAing! drsfitin

stainless ste iﬁg%d&%sc%%&& mixture thereof In some embodiments, the antimicrobial coating
e

coated on the surface of t ubstrate of a metal product further comprises trace amount of elements

beneficial to the humaimhody: 2mbodiexmnptes aitelenenis] headfigiabtecthehumandtadyosideh can be
substrate of a metal product comprises about 0.01-30% silver powders and stainless steel
powders, wherein the silver powders and the stainless steel powders are present in the form

20 of physical doping in the coating.

In some preferred embodiments, the antimicrobial coating coated on the
surface of the substrate of a metal product comprises about 1-20% silver powders and
stainless steel powders, wherein the silver powders and the stainless steel powders are
present in the form of physical doping in the coating.

25 In some preferred embodiments, the antimicrobial coating coated on the
surface of the substrate of a metal product comprises about 5-10% silver powders and
stainless steel powders, wherein the silver powders and the stainless steel powders are
present in the form of physical doping in the coating.

In some preferred embodiments, the antimicrobial coating coated on the

30 surface of the substrate of a metal product comprises about 0.01-30% silver powders, about
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contained in the antimicrobial coating coated on the surface of the substrate of a metal product of the
present application include, but are not limited to, potassium, calcium, zinc, chromium, nickel, cobalt,
manganese, iron, magnesium, molybdenum, titanium and any mixture thereof 30In some
embodiments, the antimicrobial coating coated on the surface of the substrate of a metal product
comprises g apiimigiabiel efletve amotnhal siyes Rawrers and siainges sieel owdete. yherein
the silver powders and'the ‘stainless steel powders are present in the form of p“ysft):al oping In the
antimicrobied meatirgvdog thel andinicidhiakeepting durihee gamprsas tiagerameyiyefcaDWlehy:
potassium, calcium, zinc, chromium, 5nickel, cobalt, manganese, iron, magnesium, molybdenum,
titanium or BriR&IRE thereof. In some preferred embodiments, the antimicrobial coating
coated on the surface gf (¢, subsirai-of & metalpraduch camplises About 0,04:200 61 siyer,powders
and stainless steel powders, wherein the silver powdlers and the stainless stee powders are 10
present in tiddenm of physidaldapingimrsantiniciatiiabesatitiicandtheantinicibialeeating further
comprises trace amount of powdery potassium, calcium, zinc, chromium, nickel, cobalt, manganese,

iron, magn¥&ismRisiemamotieeiim 8t iy Rficese R gRiRlssEprersTisEse BB dimEMts, the
antimicrobi ' n surf f ] te of a metal pr, : rises an
timiorob ] TR B bf S Snadre it e Paredie B Shal AN SR REh ana
the stainleshssteetipgwders, wherein the silver powders and the stainless steel powders are present in

the form of physical doping in the antimicrobial coating and the antimicrobial coating further comprises
trace amount of powdéy PERSsEHST IO iR EhréisiumRRED g aIRtDg hedighneselion,
magngﬁ_smngumfgé( %‘#eflq'él 5‘&5&‘&%%“5? PN ?%?'d{:? égﬁ{fr?ges abou 'b%‘?%%@ﬂ%eﬁgﬁﬁ%{ﬁfs Wit
embodiments, the antimicrobial coating coated on the Surface of the substrate of & metal product
comprises thob:808k silven Hawde Xwith e(parditiensizeof o utc200do:&Q00rhesihhahd silaitless
steel powders, wherein the silver powders and the stainless steel powders are present in the form of
physical dopiFstARY B SaiRirstotRal duatiig e iessntidhsoiaradiplyfisthelopia gadhs race
amount of pgwdery potassium, calcium, zinc, chromium, nickel, cobalt, manganese, iron, magnesium,
molybdenum, titanium or any mixture thereof. In some more preferred embodiments, the
antimicrobial coating cbatechomithe srufacedodittve dubstratehef minetabpiaducieenpaisesod. Qi-30%
silver powders with the BOﬁa_rticIe size of about 200 to 2000 mesh, about 0.1-40% copper powders

with the paffiéiasfzelBt aBo001t6 D660 Redtcancragifasdettdl Pbwtiersi titidtentitia Sitier
oping i ol Cae e (S e A i
stainless stpgtptwdersyCobalt-Badet chlitaining: chronthind staisitespstedtrs, wherein the silver
powders, the copper powders and the stainless steel powders are present in the form of
physical doping in the coating.
20 In some embodiments, the substrate coated with an antimicrobial coating of
the present application can be a martensite type stainless steel. The examples of the
martensite tvpe stainless steel include, but art not limited to, 403, 410, 414, 416, 416Se,
420, 431, 440A, 4408 and 440C type stainless steels.
In some embodiments, the substrate coated with an antimicrobial coating of
25 the present application can be an austenite type stainless steel. The examples of the
austenite type stainless steel include, but art not limited to, 201, 202, 205, 301, 302, 302B,
303, 3038e, 304, 3041, 302HQ, 304N, 305, 308 and 309 type stainless steels.
In some embodiments, the substrate coated with an antimicrobial coating of

the present application can be a ferrite type stainless steel. The examples of the ferrite type

30 stainless steel include, but art not limited to, 405, 409, 429, 430 and 430F type stainless
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5 powders, iron-based containing chromium stainless steel powders or any mixture thereof, and the
antimicrobial coating further comprises trace amount of powdery potassium, calcium, zinc, chromium,
nickel, cobalt, manganese, iron, magnesium, molybdenum, titanium or any mixture thereof. In
still another aspect, the present application is directed to a process for 10preparing an antimicrobial
coating, coqpyising: (1) mixing an antimicrobial effective amount of silver powders and stainless
steel powders; and (2) spraying the mixture of the silver powders and the stainless steel

powders on a surface o herereassstch<hhyhiersitbtiesilvenpawdeisaanshihei stebMess aiael gowders
are present in the form of physical doping in the antimicrobial coating. In some embodiments,

the antimictSbRIFSHACHRRSHIBUTS! SverBRINHAINTS FitkekewithaslekerbaseiptaARiAl chigifium
stainless s@gé %%ngsrs anilltl&%?g ng@r};g@%@ﬁg;gﬁg{%@;ﬁeﬁzg# Q%’t\'e‘{%%s {&Qépsase containing

chromium stainless steel 20powder or any mixture t , an ayed on the surface to be
processed so as to préparesthsantipigtohidlceaiaittigients, thd asomerebogimentsotheal proggess for

preparing the antimicrobial coatin%%further c%rg)rises sandblasting the surface to be processed before

spraying. Suriace ofjie sHigTEHbOUTRR, RIEI VA Sirame it e istablodbh iy apaders with
25sandblasginguyicle o[p:SBMEURIRTEECBRIMENiS g R GH e Suaee s AROULE 2 Um

after sandblasting. In some embodiments, the proc preparing the antimi obia?fc’oating

further compiisempblishing thevdbtainkdaptioipmebiatcosadinge 3Riniseme:grefertetsembadiments, a

Process fori'{? Eﬁg %{)II!?T? gfnpiggirpallcgi%%gllg in the antimicrobial coating, the stainless steel powders are
10 nickel-based containing chromium stainless steel powders, cobalt-based containing
chromium stainless steel powders, iron-based containing chromium stainless steel powders
or any mixture thereof.

In some even more preferred embodiments, the antimicrobial coating coated
on the surface of the substrate of a metal product comprises about 0.01-30% silver powders

15 with the particle size of about 200 to 2000 mesh, about 0.1-40% copper powders with the
particle size of about 200 to 2000 mesh and stainless steel powders, wherein the silver
powders, the copper powders and the stainiess steel powders are present in the form of
physical doping in the antimicrobial coating, and the stainless steel powders are
nickel-based containing chromium stainless steel powders, cobalt-based containing

20 chromium stainless steel powders, iron-based containing chromium stainless steel powders
or any mixture thereof.

In some embodiments, the antimicrobial coating coated on the surface of the
substrate of a metal product further comprises trace amount of elements beneficial to the
human body.

25 The examples of elements beneficial to the human body which can be
contained in the antimicrobial coating coated on the surface of the substrate of a metal
product of the present application include, but are not limited to, potassium, calcium, zinc,
chromium, nickel, cobalt, manganese, iron, magnesium, molybdenum, titanium and any

mixture thereof,

30 In some embodiments, the antimicrobial coating coated on the surface of the
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coating comprises: (1) mixing an antimicrobial effective amount of silver powders with
nickel-based containing chromium stainless steel powders, cobalt-based containing chromium
stainless steel powders, iron-based containing chromium stainless steel powders 50r any mixtures
thereof; (2) sandblasting a surface to be processed; (3) spraying the mixture of the silver

powders angh{ie gkl haned saniaing acemium siaipiess STRelRawders, eapali based gantaining
chromium stainless steel powders, iron-based containing chromium stainiess steel powdersor any

mixture theredbtldasthecstifacdda betpietessesdi @ngowders hdpolishingidhe ehipjeeiantimicrobial
coating, wherein the silver powders and the stainless steel powders are present in the form of
physical ddBRi§ihith&adarmicromayedifeping in the apinyisredmisoainemad ths antrresdsl the
polished coating.j t 1-Q.35 mm, In some embodiments,. the spraying is carried out
it igh Vel e e e o e S e

embodimeniskthe usakityhoafihe:partictes, duringShrayingdsyhadess thamaheutk0QH/sn2@lrsome
embodiments, a process for preparing an antimicrobial coating comprises: (1) mixing an
antimicrobiﬁieé‘?f%l():tive amount of silver powders, copper powders and stainless steel powders; and

(2) spraying the mixtug lafie SINRL POYERHR diFAREPRE PRSI BRMME ARRIPLISRA Ygelfowders
on a surface to be processed,
surface of the substrate of a metal product comprises about 0.01-30% of silver powders
and stainless steel powders, wherein the silver powders and the stainless steel powders are
10 present in the form of physical doping in the antimicrobial coating and the antimicrobial
coating further comprises trace amount of powdery potassium. calcium, zinc, chromium,
nickel, cobalt, manganese, iron, magnesium, molybdenum, titanium or any mixture
thereof.

In some preferred embodiments, the antimicrobial coating coated on the

15 surface of the substrate of a metal product comprises an antimicrobial effective amount of
silver powders with the particle size of about 200 to 2000 mesh and the stainless stee}
powders, wherein the silver powders and the stainless steel powders are present in the form
of physical doping in the antimicrobial coating and the antimicrobial coating further
comprises trace amount of powdery potassium, calcium, zinc, chromium, nickel, cobalt,

20 manganese, iron, magnesium, molybdenum, titanium or any mixture thereof.

In some more preferred embodiments, the antimicrobial coating coated on the
surface of the substrate of a metal product comprises 0.01-30% silver powders with the
particle size of about 200 to 2000 mesh and stainless steel powders, wherein the silver
powders and the stainless steel powders are present in the form of physical doping in the

25 antimicrobial coating and the antimicrobial coating further comprises trace amount of
powdery potassium, calcium, zine, chromium, nickel, cobalt, manganese, iron, magnesium,
molybdenum, titanium or any mixture thereof.

In some more preferred embodiments, the antimicrobial coating coated on the
surface of the substrate of a metal product comprises 0.01-30% silver powders with the

30 particle size of about 200 to 2000 mesh, about 0.1-40% copper powders with the particle
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wherein the silver powders, the copper powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating. In some embodiments, an antimicrobial
effective amount of silver powders, copper powders and nickel-based containing chromium stainless
steel powders, 30cobalt-based containing chromium stainless steel powders, iron-based containing

chromium stainl st W, or any mixture thereqf are mixed, and then the resultant mixture is
sprayed onsézest??%?é% %%Q%g@i%‘ﬁﬁ%@ss{@ ﬁﬁ%‘ﬁa Oé?ﬁ%?mc%tﬁﬁﬁlegéﬁﬁ ver powdgrss e
preferred e@@@g@ﬂrﬁ@@&er@@f@g@@&i@{i@i@9@@'11B@m%tm%égakmﬁéﬂﬁgf&qm@fi?ﬁ;éeééﬂh&ﬁﬁgt
0.01-30% silver powder and about 0.1-40% copper powder are mixed with the stainless steel powder;
and (2) thve anbanicecbiah e witieg. phwdsinicloppettgdwoierdnd stainkéds:bteskpovérsnpelt
sprayed on Epe surfacetto Pe processed, wherein the silver powder, copper powder and
stainless steBlBoWler 4Ha Top a2 nP i i Sant R kBRI L ostE T B EIBLS o Y.

In some empaedimeisnahaul Qta30% SiverRAwdersialoyt . %M&§%%&Hﬁﬂ%@tﬁé€e5@jxed with

nickel-based containing chromium stainless steel powders, cobalt-based containing chromium
stainless stéd pbovdetsnicorbishserhicontaivmiher cbromiisns steintessisted| pbwdersur anjessixres
thereof, and then the resultant mixture. i 1[53 ragﬁd on a surface to be processed so §§ Hﬁo prepare an

L RrEFbr X BHOBURBRES = 5P BET8F BHEhaftiy R inicrobial

antimicrobig?coalfllhgz.mc’ RS he pre?e’rr ?ib
coating CoOnIp{#Ses: or any nilxximixingpout 0.01-30% silver powders with stainless steel powders and
adding trace amount of powder elements beneficial to the human body; and 20(2) spraying the mixture
of the silver powders, the $tHimRusstasPpowthe pardntheipdivden eedisnsdeanedfigiabtesthéhuman

body oy e Sp%%acr?néoa%eagé?ngg%%?gl’ coating, comprising:

(1) nuxing an antimicrobial effective amount of silver powders and stainless
steel powders; and

(2) spraying the mixture of the silver powders and the stainless steel powders
on a surface to be processed,

i5 wherein the silver powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating.

In some embodiments, the antimicrobial effective amount of silver powder is
mixed with nickel-base containing chromium stainless steel powder, cobali-base
containing chromium stainless steel powder, iron-base containing chromium stainless steel

20 powder or any mixture thereof, and melt sprayed on the surface to be processed so as to
prepare the antimicrobial coating.

In some embodiments, the process for preparing the antimicrobial coating
further comprises sandblasting the surface to be processed before spraying.

In some embodiments, the Ra of the surface is about 0.7-5 um after

25 sandblasting.

ln some preferred embodiments, the Ra of the surface is about 1.5-2.5 um
afier sandblasting.

In some embodiments, the process for preparing the antimicrobial coating
further comprises polishing the obtained antimicrobial coating.

30 In some preferred embodiments, a process for preparing an antimicrobial
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wherein the silver powders, the stainless steel powders and the powdery elements beneficial to the
human body are present in the form of physical doping in the antimicrobial coating. 25In some
embodiments, an antimicrobial effective amount of silver powders, trace amount of powdery elements
beneficial to the human body are mixed with nickel-based containing chromium stainless steel
powders, cobe%lt-based containing chromium stainless steel powders, iron-based containing chromium
stainless ste8l PoWJEre of dny mi h f, and then th I ' [ f

p y mixture thereof, and then the resultant mixture is sprayed on a surface

to be 30processed so g taRaRAr8ALARHRISRIAIGRUNRG  amount!NFONREPOFR NIRRT QG N
embodiments, a process for preparing an antimicrobial coating comprises: (1) mixing about

0.01-30% siigseposeierseuitining peiiereisize shigherat 366koROBEme shlwithbstaihlessisissipowders
and addingcg%ggign?ggmlof Sp(%wge%%li?ments_ be eficigl.to the human bod ) | gz&é
sandblasting & SUHAC TS BE SioLeSRats: ron-hased comaane RO FHE IS S pORTEE Sthe
stainless stgekpowders«ang:thgrpowdery elements beneficial to the human body on the surface to be
processed with high velocity oxy-fuel spraying or high-speed low-temperature spraying; and 10(4)
polishing the obtained @ntiptidhbialcoatingse to be mprassiedthe silver powders, the stainless steel
powders and the powdery elements beneficial to the. human body are present in the form of.physical
toping i the antmicraal Caatig T 11 X 0L & Lo B RRrRa b e NrEBaT e e
stainless stgabandsihedbacdedipowsianaiemenahenreficiabiothebodyarepowean Qg inthe form of

flux-cored wire prepared with powders before spraying. In yet another aspect, the present
application P& dfestedory bivesntivn e rabialdoammerp repates \witds tive islswinggproeessisohpidsing:
(2) mii%ng an %{letigﬁir, 58@%%' k%‘fper%t(i:\écsesg@%gt of silver powders and stainless
(4) polishing the obtained antimicrobial coating,
wherein the silver powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating.
In some embodiments, the thickness of the polished coating is about
15 0.6061-0.35 mm.
In some embodiments, the spraying is carried out with high velocity oxy-fuel
spraying or high-speed low-temperature spraying.
In some preferred embodiments, the velocity of the particles during spraying is
no less than about 100 m/s.
20 In some embodiments, a process for preparing an antimicrobial coating
comprises:
(1) mixing an antimicrobial effective amount of silver powders, copper
powders and stainless steel powders; and
(2) spraying the mixture of the silver powders, the copper powders and the
25  stainless steel powders on a surface to be processed,
wherein the silver powders, the copper powders and the stainless steel
powders are present in the form of physical doping in the antimicrobial coating.
In some embodiments, an antimicrobial effective amount of silver powders,

copper powders and nickel-based containing chromium stainless steel powders,

30 cobalt-based containing chromium stainless steel powders, iron-based containing
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20steel powders: and (2) spraying the mixture of the silver powders and the stainless steel
powders on a surface to he processed, wherein the silver powders and the stainless steel
powders are present in the form of physical doping in the antimicrobial coating. 25In some
embodiments, the antimicrobial effective amount of silver powder is mixed with nickel-base containing
chromium stﬁlrinless st?eitl owder cobzg{letfbase containing F]«(:ghrongium stairgness steel powder, iron-base

containing Shromm SHTes S SthBY BOWAST S AD R IAHREl BT BiFthaR BRI Bithe
surface to beipiacessaeFelan i0sareRane hepantinisioliakaealing.whgain.the:sHigr-pavder and

stainless steel powder 30are present in the antimicrobial coating in the form of physical doping
In some embodiments [theéoprocaséford repaviHgantarnimicrobial fooatingatinhemconiniseshial

sandblastin ;E%e surfalcrelstgs.be processed before spraying. In some embodiments, the Ra of the
surface is about 8.725 %.m after sandblasting. 5In some preferred embodiments, the Ra of the surface

is about 1.5-2.5 p.m after sapdplastings. silvdh sOMeLMRedinents, e PracassfopRIeRArRY an
antimicrobial coating further comprises polishing the obtained antimicrobial coating. In some
preferred efabsdinidhidcstauneinideobiavedsatiaedis prepared with the 10following process comprising:
(1) mixing an antimicrog%ah%ffegt{\d?ea%%untiof silver doowders with ri'ckPeélg)ase containing chromium
stainless steel powders: cobalt:based contaming chromicny SELRTELCT AN HaESrs hdRpadey
containing Gheiniufrstalinle s siaeiRowdens-efamgmixture thereof; 15(2) sandblasting a surface to
be processed; (3) spraying the mixture of the silver powders and the nickel-based containing

chromium stainless steshg6wdBis, cobaltiasder.conpaifirpehionih Staikesssebpodders;

iron-based conta nln?nghrc%mlum stginless steq}}g%vder o gg}gﬁrg&xtures thereof on the surface to be

processed;pé%%ﬁltd& 53]?31%%@?%30% Qined Antimicrobial’e doping.

in some embodiments, about 0.01-30% silver powders, about 0.1-40% copper
powders are mixed with nickel-based containing chromium stainless steel powders,
cobalt-based containing chromium stainless steel powders, iron-based containing
chromium stainless steel powders or any mixtures thereof, and then the resultant mixture is

15 sprayed on a surface to be processed so as to prepare an antimicrobial coating.

In some preferred embodiments, a process for preparing an antimicrobial
coating comprises:

(1) mixing about 0.01-30% silver powders with stainless steel powders and
adding trace amount of powder elements beneficial to the human body; and

20 (2) spraying the mixture of the silver powders, the stainless steel powders and
the powdery elements beneficial to the human body on a surface to be processed,

wherein the silver powders, the stainless steel powders and the powdery
elements beneficial to the human body are present in the form of physical doping in the
antimicrobial coating.

25 In some embodiments, an antimicrobial effective amount of silver powders,
trace amount of powdery elements beneficial to the human body are mixed with
nickel-based containing chromium stainless steel powders, cobalt-based containing
chromium stainless steel powders, iron-based containing chromium stainless steel powders
or any mixture thereof, and then the resultant mixture is sprayed on a surface to be

30 processed so as to prepare an antimicrobial coating.
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wherein the silver powders and the stainless steel powders are present in the form of physical doping
in the antimicrobial coating. In some embodiments, the thickness of the polished coating is
about 0.001-0.35 mm. 25In some embodiments, the spraying is carried out with high velocity oxy-fuel
spraying or high-speed low-temperature spraying. In some preferred embodiments, the velocity
of the particles during Ing is no less than abqut 100 m/s, . __In some emhodiments, an
antimicl:orobial coating isﬁ{;ﬁ%%{g?[él With" eg?olfélﬁﬁgl%ﬁ%caegéogg?ﬁ5%%Pﬁa?amg an ("ﬂuﬁ?i’fﬁ%‘%
antimicrobiadeffectivemimeint of silver powders, copper powders and stainless steel powders: and

(2) spraying the mixture of the silver powders, the copper powders and the stainless steel powders on
a surface to be processedSilHerbiteldiver polvee r Wikesopparpowitieasidetiof siairl88s steel

powders arg Bresent ir}lth%form fé)h siqal doginsg in th timicrobial coating. In some
embodiments, an antimicro iglagﬂ%cstivéeea ount of S Vélr%(gglﬁd%?g,e3%%“&%%%8‘évr(éegeelr?ﬁ}(%}ﬁswith
nickel-basegegiiainin gehraminmogiainless steel powders, cobalt-based containing chromium
stainless steel powders, iron-based containing 10 chromium stainless steel powders or any mixture

thereof, and then the resuitaAbi#age sdprayedorracssirite to be processed so as to prepare an
antimicrobial coating, %fséﬁhj%%gﬁ |Iev%ri ﬂﬁ%d?ﬁrﬁi ettg;1 £on (I)e%ir\i ggr\évq%ss%ri\]% gQSeS tgllg)lcgr%%g}eel é)owders

are present in the form o oping In the antimicr codating. n e p?eaflérred

embodimerits, prnaletimiteotiek daaiifigis prepartanvithibe15olleinERIOEESS GRINPEIRINGVith 1)
mixing about 0.01-30% silver powders and about 0.1-40% copper powders with the stainless steel
powders: ahigh velocippeyriirhipinangiilie e biver tsewamisreieresperpéwders and the

stainI%s steel pOWder§49Bcﬂiﬁﬂgggﬁetgbt@ﬂ%@ggﬁgggl‘obiai coating,

wherein the silver powders, the stainless steel powders and the powdery
elements beneficial to the human body are present in the form of physical doping in the
antimicrobial coating.

In some embodiments, the antimicrobial metal, the stainless steel and the

15 added powdery elements beneficial to the body are powdery or in the form of flux-cored
wire prepared with powders before spraying.

In yet another aspect, the present application is directed to an antimicrobial
coating prepared with the following process comprising:
(1) mixing an antimicrobial effective amount of silver powders and stainless

20 steel powders; and

(2) spraying the mixture of the silver powders and the stainless steel powders
on a surface to be processed,

wherein the silver powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating.

25 In some embodiments, the antimicrobial effective amount of silver powder is
mixed with nickel-base containing chromium stainless steel powder, cobali-base
containing chromium stainless steel powder, iron-base containing chromium stainless steel
powder or any mixture thereof, and then melt sprayed on the surface to be processed so as
to prepare the antimicrobial coating, wherein the  silver powder and stainless steel powder

30 are present in the antimicrobial coating in the form of physical doping
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20wherein the silver powders, the copper powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating. In some embodiments. about 0.01-30%
silver powders, about 0.1-40% copper powders are mixed with nickel-based containing chromium
stainless steel powders, cobalt-based containing chromium stainless steel powders, iron-based

containing 25 chromiLfm stainlessostCFeI 9waers or any rpixtur_e thereof, and then the resultant mixture
. n sobme cmbodiments, e process 1ot 1et113arm% an ann{ncro 1ﬁ1 C(}at% .
is sprayed on a surface to be processed so’as to'prepare an antimicrobial coating, wherein silver

powders, theteppenpavders dndsihe siaivless: steclppwdetscans-piasanbindhe form of physical
doping in the antimicrobial coating. In some preferred embodiments, an antimicrobial coating

is prepared with the 3@folfoRingepibedisacabmphisingy of the @yfiing awut KO-30%siisr
powders angnageiirsl;{%ss steel powders and then adding trace amount of elements beneficial to the
human boc?y: an & (2) spraying the mixture of the silver powders, the stainless steel powders

and the powdery elementsiengiiciadde thenbaimanibody magutacatabe prasessed-2 swhearein the
silver powder stainless steel powders and the powdery elements beneficial to the human body are

present coatiRgsaaRtafdiig. of physical doping in the antimicrobial. In some embodiments, an

antimicrobial effective mount of tgg d'?ilv%r &0-‘{\{9%5 gwgery elements beneficial § ‘tge body are
. o . . ts) 1 o] r
mixed with nickel-base csgntglr?fﬁ%g {o chrornium gtalcr%esss %{e}éﬁeﬁjgrv%/%%r?? c%rggfﬁ- ré%éa con %hlng

chromium steihiess:sigedeputiehsdror-based cantaminrgchreniung stainless steel powders or any
mixture thereof, and then the resultant mixture is sprayed on a surface to be processed so as to
prepare an antimicrobi@ ¥UBfRGCiRHed A e igpvs pEwHEBIsTARSSS COEN hBviBRarah dvifle hewdery

elemepts bepefig the, pgggﬁg-g% y are present in the form of physical doping in the
15anﬁmicr§%r];lal clo tn'gf: s n}s}b e more preferred embodiments, an antimicrobial coating is

prepared with the follogingiresgsscomprisingbial  effectil)mixingrabotit GiREr3Qmsibrer povders
with the particle size of about 200 to 2000 mesh with stainless steel powders and adding trace amount

of powdery’ERERES DoBRHBRERE toRFEHEmMabiBBlyE Steel PepylsRndBrRstinracdurrat ot
ey DRSS B e S monier A e pradee o
oxy-fuel spoayingroitighispeed low-temperature spraying; and

i5 {2} sandblasting a surface to be processed;

(3) spraying the mixture of the silver powders and the nickel-based containing
chromium stainless steel powders, cobalt-based contaiming chromium stainless steel
powders, iron-based containing chromium stainless steel powders or any mixtures thereof
on the surface to be processed; and

20 (4) polishing the obtained antimicrobial coating,

wherein the silver powders and the stainless steel powders are present in the
form of physical doping in the antimicrobial coating.

In some embodiments, the thickness of the polished coating is about
0.001-0.35 mm.

25 In some embodiments, the spraying is carried out with high velocity oxy-fuel
spraying or high-speed low-temperature spraying.

In some preferred embodiments, the velocity of the particies during spraying is
no less than about 100 m/s.

In some embodiments, an antimicrobial coating is prepared with the following

30 process comprising:

32



25(4) polishing the obtained antimicrobial coating, wherein the silver powders, the stainless
steel powders and the powdery elements beneficial to the human body are present in the form of
physical doping in the antimicrobial coating. In some more preferred embodiments, an
antimicrobial coating is prepared 30with the following process comprising: (1) mixing about

0.01-30% silver powd(—g with the particle size of ab?#t 200 to 2000 mesh, about 0.1-40% cogper
powders with the partitié S3& 58 aBb BTN 5 BH00 ML Srd Wikl Kt L¥sinBe &l FRREErs and

adding trage,aimey ah@kpavideryeiepatsheangficial to the human body; 5(2) sandblasting a surface to
be processed; (3) spraying the mixture of the silver powders, the copper powders, the stainless

steel powders and the(pbwitierjngléhsemis enefidia olise hamderhotly orptiee sarfdess tandetirocessed

with high Vetil%!l% Sogy-fye(l} ﬁﬁé@%\g or h{'%ge;z(lg)%ed low-temperature spraying; and 10(4) polishing the

obtained aftimicrobiar coa Y n the SiVEF powders, the copper powders, the stainless

steel powders and theyprwderyielemests hrnefisiatite theshumanhady argipissentinite foum of
physical doping in the antimicrobial coating. In still another aspect, the present application is directed

to a proces¥ Ittty aduinemmididbesebiepiiuing dppiitpiarchiaisietoigial coating which
comprises an antimicr?bial effective danngou.fmt of silver. %\g/%?rgé?é\%g stainless st el.loowders to a product

bodi S, an antimi Y AQunty eﬁlﬁfggvag%dg% present

in need of antimicrobiafla%(%%ﬁ,ev%erelnetlﬁe silver powders an
in the form @by sisatis@pirgdn:he ik migrebiakeoating. RRid eraafigindetaigddustratinmuil be
carried out through the following examples referring to accompanying figures for better understanding
of the variotbalépests asandeiviitagasostithe prsselssinventbnpeisiveverimwitisd apprédizted that
the following examples are non-limiting and only for illustrating some embodiments of the present
inventon. SOy L A e O S S R e W BB

nickel-baseghegaiainiageifemis M sainlessisieat RoWdprsd MildntF3erdbinl 3 aiitablgicepiRimer. The
surface to be processed was sandblasted and cleaned so that the surface roughness Ra reached

0.7-5 gm. JoNAFtPeRElpigH e RsEIBFORYIdISSBIAY G VAT sicr\romictharsinedsd inthaitrobial
of physical doping in the antimicrobial coating.

In some preferred embodiments, an antimicrobial coating is prepared with the

i5  following process comprising:

(1) mixing about 0.01-30% silver powders and about 0.1-40% copper powders
with the stainless steel powders; and

(2) spraying the mixture of the silver powders, the copper powders and the
stainless steel powders on a surface to be processed,

20 wherein the silver powders, the copper powders and the stainless steel
powders are present in the form of physical doping in the antimicrobial coating.

In some embodiments, about 0.01-30% silver powders, about 0.1-40% copper
powders are mixed with nickel-based containing chromium stainless steel powders,
cobalt-based containing chromium stainfess steel powders, iron-based containing

25 chromium stainless steel powders or any mixture thereof, and then the resultant mixture is
sprayed on a surface to be processed so as to prepare an antimicrobial coating, wherein the
silver powders, the copper powders and the stainless steel powders are present in the form
of physical doping in the antimicrobial coating.

In some preferred embodiments, an antimicrobial coating is prepared with the

30 following process comprising:

33



metal coating was polished at a high speed (the velocity of the particles was 160 m/s during spraying).
The thickness of the polished coating was 0.30 mm. Example 2 0.1 g metal silver powders were
mixed with 99.0 g nickel-based containing chromium stainless steel powders (NiCr-Cr3C2) in a
suitable container. The surface to be processed was sandblasted and cleaned so that the surface

roughness Ra reachetg‘lt -5 um. Q 1'618}h ed low- t ture sErayln the %ame

antimicrobial metal coating WAL paliahed ata s%ééﬁ Yvhgrve?nmtf/t%}fl Srtice WSS R during

spraying). The d8thigknessaidte B@k&‘ﬁi‘lﬁ@h@@@ém WAS OB MiMhaEXRMPI8nd 5.0 g metal silver
powders were mixed with 95.0 g cobalt-based containing chromium stalnless steel powders in a

suitable container. Thé@lﬁﬁ%@ﬁ&%@ m@é@@%ﬁlb@a‘sﬁﬁ Sanrasten ameasi@d smmm@@urface
roughness area hed ht e wtemper ture obtalned
icrob A S e Etr i SR R R (G ety & Porere v

antimicrobial metal ¢ atlng was o Jhdaacahi spee 150 m/s during

spraying). The thlckneasl@fam&moyﬁh@dp@mmwaﬁe&Js@eau@O%Qiémﬂtpk%élpowderyTB@rﬁaﬁimcrobial
effects of the obtained antimicrobial coatings in examples 2 and 3, Japanese antimicrobial stainless

steels (starGaFANRS, {Ey gpan 2odD)paneresventtnal Stalmefumstedishyeientattpingvith thie
antimicrobi 5241@? rf9 mance test method described in the present application. The results are listed in
Table 2. 2 %fe 27 strains categories Escherichia coli Staphylococcus aureus

In some embodiments, an antimicrobial effective amount of the silver powders,

powdery elements beneficial to the body are mixed with nickel-based containing
10 chromium stainless steel powders, cobalt-based containing chromium stainless steel

powders, iron-based containing chromium stainless steel powders or any mixture thereof,

and then the resultant mixture is sprayed on a surface to be processed so as to prepare an

antimicrobial coating, wherein the silver powder stainless steel powders and the powdery

elements beneficial to the human body are present in the form of physical doping in the
15 antimicrobial coating.

In some more preierred embodiments, an antimicrobial coating is prepared
with the following process comprising:

(1) mixing about 0.01-30% silver powders with the particle size of about 200
o 2000 mesh with stainless steel powders and adding trace amount of powdery elements

20 beneficial to the human body;

{2) sandblasting a surface to be processed;

(3) spraying the mixture of the silver powders, the stainless steel powders and
the powdery elements beneficial to the human body on the surface to be processed with
high velocity oxy-fuel spraying or high-speed low-temperature spraying; and

25 (4) polishing the obtained antimicrobial coating,

wherein the silver powders, the stainless steel powders and the powdery
elements beneficial to the human body are present in the form of physical doping in the
antimicrobial coating.

In some more preferred embodiments, an antimicrobial coating is prepared

30 with the following process comprising:
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Pseudomonas aeruginosa Salmonella aertrycke Klebsiella pneumoniae Japanese antimicrobial
stainless steels standard No.: ?_ 99.00% > 99.00% > 99.00% > 99.00% > 99.00%

(1) mixing about 0.01-30% silver powders with the particle size of about 200
to 2000 mesh, about 0.1-40% copper powders with the particle size of about 200 to 2000
mesh are mixed with stainless steel powders and adding trace amount of powdery elements
beneficial to the human body;

5 {2) sandblasting a surface to be processed;

(3) spraying the mixture of the silver powders, the copper powders, the
stainless steel powders and the powdery elements beneficial to the human body on the
surface to be processed with high velocity oxy-fuel spraying or high-speed
low-temperature spraying; and

10 (4) polishing the obtained antimicrobial coating,

wherein the silver powders, the copper powders, the stainless steel powders
and the powdery elements beneficial to the human body are present in the form of physical
doping in the antimicrobial coating,

In still another aspect, the present application is directed to a process for

15 protecting against microbes comprising applying an antimicrobial coating which comprises
an antimicrobial effective amount of silver powders and stainless steel powders to a
product in need of antimicrobial action, wherein the silver powders and the stainless steel

powders are present in the form of physical doping in the antimicrobial coating.

20 Hereafter, detailed illustration will be carried out through the following
examples referring 1o accompanying figures for better understanding of the various aspects
and advantages of the present invention. However, it will be appreciated that the following
examples are non-limiting and only for illustrating some embodiments of the present

invention.
25 EXAMPLES
Example 1
0.5 g metal silver powders were mixed with 99.5 g nickel-based containing
chromium stainless steel powders (NiCr-Cr;C,) In a suitable container. The surface to be
processed was sandblasted and cleaned so that the surface roughness Ra reached 0.7-5 um.

30 With the high velocity oxy-fuel spraying (HVAF or HVOF), the obtained antimicrobial
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JIS Z 2801 (2000)  conventional stainless steels <90.00% <90.00% <90.00% <90.00% < 90.00%
Example 2 stainless steel + 1% silver

metal coating was polished at a high speed (the velocity of the particles was 160 m/s

during spraying). The thickness of the polished coating was 0.30 mm.

Example 2

h

0.1 g metal silver powders were mixed with 99.0 g nickel-based containing
chromium stainless steel powders (NiCr-CriCs) in a suitable container. The surface to be
processed was sandblasted and cleaned so that the surface roughness Ra reached 0.7-5 pm.
With the high-speed low-temperature spraying, the obtained antimicrobial meta] coating

was polished at a high speed (the velocity of particle was 110 m/s during spraying). The

10 thickness of the polished coating was 0.20 mm.

Example 3
5.0 g metal silver powders were mixed with 95.0 g cobalt-based containing
chromium stainless steel powders in a suitable container. The surface to be processed was
15 sandblasted and cleaned so that the surface roughness Ra reached 0.7-5 pm. With the
high-speed low-temperature spraying, the obtained antimicrobial metal coating was
polished at a high speed (the velocity of particle was 150 m/s during spraying). The

thickness of the polished coating was 0.10 mm.

20 Example 4
The antimicrobial effects of the obtained antimicrobial coatings in examples 2
and 3, Japanese antimicrobial stainless steels (standard No.: JIS 7 2801 (2000)) and
conventional stainless steels were tested with the antimicrobial performance test method
described in the present application. The results are listed in Table 2.
25

Table 2

strains | Escherichia | Staphylococcus | Pseudomonas | Salmonella | Klebsiella

categories coli aureus aeruginosa | aertrycke | pneumoniae
Japanese
antimicrobial
stainless steels
standard No.:

> 99.00% = 99.00% = 99.00% >99.00% | >99.00%
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>9997% > 99.98% - > 99.98% Example 2 stainless steel + 5% silver > 99.98% > 99.98% > 99.92% >
99.98% > 99.98% In view of the results as listed in Table 2, the antimicrobial coatings
containing 1% silvers of the present application can achieve the antimicrobial effects of more than
99.9%. Therefore, the antimicrobial coatings of the present application have better Santimicrobial
effects than thadsafiJaganese antim|crobial stainlesg steels and the conventional stainless steels.

(2000)

conventional <90.00% <90.00% < 90.00% <90.00% | < 90.00%

stainless steels

Example 2
stainless steel | >99.979% >99.98% - - > 99.98%

+ 1% silver

Example 2

stainless steel | > 99,989 > 09.98% > 09,92% >99.98% | >99.98%
+ 5% silver

In view of the results as listed in Table 2, the antimicrobial coatings containing
1% silvers of the present application can achieve the antimicrobial effects of more than
939.9%. Therefore, the antimicrobial coatings of the present application have betier

5  antimicrobial effects than thaose of Japanese antimicrobial stainless steels and the
conventional stainless steels.

Moreover, since the antimicrobial coating of the present application is in the
form of physical doping, the antimicrobial metal powders are independently present in the
metal coatings. The antimicrobial coatings of the present application have excellent

10 properties such as corrosion resistance, high-temperature resistance, and the like on the
basis of the properties of the antimicrobial metals (for example, silver has a melting point
0f 961.93 °C, and excellent flexibility and ductility. Silver is also not reactive with water or

oxygen in the air under ambient temperature or even being heated).

15 These and other changes can be made in light of the above-~detailed description.
in general, in the following claims, the terms used should be not construed to be limiting to
the specific embodiments disclosed in the specification and claims, but should be
construed to include all systems, devices and/or methods that operate in accordance with
the claims. Accordingly, the scope of the present invention is not limited by the disclosure,

20 but instead its scope is to be determined entirely by the following claims.

All of the above US patents, US patent application publications, US patent
applications, foreign patents, foreign patent applications and non-patent publications

referred to in this specification are incorporated herein by reference in their entirety.
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Moreover, since the antimicrobial coating of the present application is in the form of physical doping,
the antimicrobial metal powders are independently present in the metal coatings. The antimicrobial
coatings of the present application have excellent 10 properties such as corrosion resistance,
high-temperature resistance, and the like on the basis of the properties of the antimicrobial metals (for
example, siver has a meling ARl . 901,05 . g exeellent Rewilicy and ductily, Siver s aiso not
reactive with water or oxygen in the aff under amblent emperature or'even being eat%é). 15These
and other ghangesieasnbermade:inbight akibetaidove-detaifed grspsiptionsingenardhin thedellowing
claims, the terms used should be not construed to be limiting to the specific embodiments disclosed in
the specifiéBiSHISHIPBRiR, BatBrsuYHosblssagoinaude artjsmdscaaviedsarsramiethods
that operate, jn accordance.with the claims. Accardingly, the sco f the present ipvention is not
limited by tﬁg%c]%%%s%%&g g%géb i’r?s%t% ﬁ%srgc%]ger}slc{lg ggeodg e?}ﬁ?}?g en Fr%ﬁyaqby ¥h{§l?oﬁ%\3}\?llﬁdg%§|aims.
All of the ablawed)S patents, US patent application publications, US patent applications, foreign
patents, foreign patent applications and non-patent publications referred to in this specification are
incorporated herein by reference in their entirety. From the forgoing it will be appreciated,
although specific embodiments of the present invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit and scope of the
present invention. Accordingly, the present invention is only limited except as by the appended
5claims. What is claimed is: I. An antimicrobial coating, comprising an antimicrobial effective
amount of silver powders and stainless steel powders, wherein the silver powders and the stainless
steel powders are present in the form of physical doping in the 5antimicrobial coating. 2. The
antimicrobial coating of claim 1, wherein the antimicrobial coating further comprises copper powders.
103. The antimicrobial coating of claim 1 or 2, wherein the stainless steel powders are nickel-based
containing chromium stainless steel powders, cobalt-based containing chromium stainless steel
powders, iron-based containing chromium stainless steel powders or any mixture thereof 154. The
antimicrobial coating of any one of claims 1 to 3, wherein the ratio

38



of the silver powders to the stainless steel powders is about 0.01-30% by weight. 5. The antimicrobial
coating of any one of claims 2 to 4, wherein the ratio of the copper powders to the stainless steel
powders is about 0.1-40% by weight. 20 6. The antimicrobial coating of any one of claims 1 to
5, wherein the particle size of the silver powders is about 200 to 2000 mesh. 7. The
antimicrobighgcaating.of,agy one of claims 1 to 6, wherein the 25antimicrobial coating further comprises
trace amount of powdery elements beneficial to the human body. 8. The antimicrobial coating
of claim 7, wherein the Ipowdaeryreiementsabenefitial.todtwa brimiap bodyaartnseledted fedfadiieegroup
consisting of potassiun"f 30calcium, zinc, chromium, nickel, cobalt, manganese, iron, magnesium,

molybden HCHE S ISRHRIRATHARE trrdess steel PowalcreriilsHeH thevHEFSiRTHE Stiriice of a
substrate igcoatad,yith thegoatingiafany.oneof flaimshdo &:p or phg@felihed {8l prpdygt of

claim 9, wherein the substrate Is selected from the group consisting of a ferrous metal, a non-ferrous
metal, an alloynaindodsladoiessesteel. 1011. The metal product of claim 9 or 10, wherein the metal
product is a kitchen utensil, and preferably a cutter, a cooking utensil, a slice, grilling tools or
chopsticks. 12. The metal product of claim 9 or 10, wherein the metalwork is medical 15

appliance, preferably aomegical device, iScalRely 2 PEMASIAl JIRgRE PIGLS: RIIRQPEHS WRR7E'S:

anatomic tweezers, dressing tweezers, anatomic tweezers; a dissecting needle, a nervous percussion
hammer, ophtiainvicnsprgicat spissarsyelpetash tweezers, ophthalmic tweezers, a throat sprayer, a
throat mirror, a tuning fork, dental tweezers, a dental probe or a trumpet anoscope.

i0 3. The antimicrobial coating of claim 1 or 2, wherein the stainless steel
powders are nickel-based containing chromium stainless steel powders, cobali-based
containing chromium stainless steel powders, iron-based containing chromium

stainless steel powders or any mixture thereof,

15 4. The antimicrobial coating of any one of claims 1 to 3, wherein the ratio

of the silver powders to the stainless steel powders is about 0.01-30% by weight.

5. The antimicrebial coating of any one of claims 2 to 4, wherein the ratio
of the copper powders to the stainless steel powders is about 0.1-40% by weight.
20
6. The antimicrobial coating of any one of claims 1 to 5, wherein the

particle size of the silver powders is about 200 to 2000 mesh,

7. The antimicrobial coating of any one of claims | to 6, wherein the
25  antimicrobial coating further comprises trace amount of powdery elements beneficial

to the human body.

8. The antimicrobial coating of claim 7, wherein the powdery elements
beneficial to the human body are selected from the group consisting of potassium,

30 calcium, zinc, chromium, nickel, cobalt, manganese, iron, magnesium, molybdenum,
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20 13. The metal product of any one of claims 9 to 12, wherein the thickness of the
antimicrobial coating is about 0.001-0.35 mm. 14. A process for preparing the antimicrobial
coating of any one of claims 251 to 8, comprising: (1) mixing an antimicrobial amount of silver
powders and stainless steel powders; and (2) spraying the mixture of the silver powders and

the stainlesg sigehROWders Qi suHacede be processed. 30 15. The process of claim 14,
further comprising sandblasting the surface to be processed before spraying. 16. The

process of claim 15, wherein the Ra of the surface is about 0.7-5 5um after sandblasting. 17.
The process of claim 14, further compgrising polishing the gbtained antimicrobial coating..1018. The

process of claim 17, wherif i tPHERHES S BB ABE B6aH ¢S Hs 3D Grre e Yith, the

19. The preggass oLany LR8Ok £laimaslf {948, wherein spraying is carried out with high velocity
oxy-fuel spraying or high-speed low-temperature spraying. 15 20. The process of any one of

claims514 to 19, wherein the velocity of particles during spraying is no less than about 100 m/s.

21. The process of any one of claims 14 to 20, wherein the 20 antimicrobial metal, stainless steel and
the added elements be%%fieg?fi fm}% RS 6’553?%?& BOWASH Br TRt RORIFA O SHSEESH e Rire

prepared by, POwEIS: BRINESPEYINGTous metal, a non-ferrous metal, an alloy and a stainless

steel.

10 11. The metal product of claim 9 or 10, wherein the metal product is a
kitchen utensil, and preferably a cutter, a cooking utensil, a slice, grilling tools or

chopsticks.

12, The metal product of claim 9 or 10, wherein the metalwork is medical
15 appliance, preferably a medical device, a scalpel, a hemostat, {inger pliers, orthopedic
tweezers, anatomic tweezers, dressing tweezers, anatomic tweezers, a dissecting
needle, a nervous percussion hammer, ophthalmic surgical scissors, evelash tweezers,
ophthalmic tweezers, a throat sprayer, a throat mirror, a tuning fork, dental tweezers, a
dental probe or a trumpet anoscope.
20
13. The metal product of any one of claims 9 to 12, wherein the thickness

of the antimicrobial coating is about 0.001-0.35 mm.

14. A process for preparing the antimicrobial coating of any one of claims
25 1 to 8, comprising:
(1) mixing an antimicrobial amount of silver powders and stainless steel
powders; and

(2) spraying the mixture of the silver powders and the stainless steel

powders on a surface to be processed.
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22. An antimicrobial coating prepared with the following process 25comprising: (1) mixing an
antimicrobial effective amount of silver powders and stainless steel powders; and (2) spraying
the mixture of the silver powders and the stainless steel powders on a surface to be processed,
30wherein the silver powders and the stainless steel powders are present in the form of physical

doping in the antimicrobiale0aRkess of ofinfRIOREARIOLBINEEING AgRIBRLMIGIORes, epPrising
applying the coating of any one of claims 101 to 108 to a product in neéd of antimfcrobial action.
to be processed before spraving.

16. The process of claim 15, wherein the Ra of the surface is about 0.7-5

5 pm after sandblasting.

17. The process of claim 14, further comprising polishing the obtained

antimicrobial coating,

10 18. The process of claim 17, wherein the thickness of the polished coating

1s about 0.001-0.35 mm.

19. The process of any one of claims 14 to 18, wherein spraying is carried

out with high velocity oxy-fuel spraying or high-speed low-temperature spraying.

20. The process of any one of claims 14 to 19, wherein the velocity of

particles during spraying is no less than about 100 m/s.

21. The process of any one of claims 14 to 20, wherein the
20 antimicrobial metal, stainless steel and the added elements beneficial to the human

body are powdery or in the form of a flux-cored wire prepared by powders before

spraying.

22, An antimicrobial coating prepared with the following process
25 comprising:
(1) mixing an antimicrobial effective amount of silver powders and
stainless steel powders; and
(2) spraying the mixture of the silver powders and the stainless steel
powders on a surface to be processed,

30 wherein the silver powders and the stainless steel powders are present in
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the form of physical doping in the antimicrobial coating.

23. A process for protecting against microbes, comprising applying the

coating of any one of claims 101 to 108 to a product in need of antimicrobial action.
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