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15 to achieve other requisite properties, such as strength or wear resistance.  Alternatively
available technologies for metal parts, such as with paiats and coatings, etched barcodes, or

other external security elements, are easily removed or defaced.

Some metal parts (e.g., acraft parts} are manufaciured with very tight tolerances and

are electroplated to ensure a smooth surface for an extended mean time between failures.

20 Inorganic particulates (e.g., sihicon carbide particles, boron miride particles, diamond
particles and so forth) may be co-deposited during the electroplating process to augment the
deposited laver’s ability to become more wear resistant.  Addisonally, particles with
lubricating characteristics, such as graphite or Teflon, may be added in an electrodeposited

layer to extend the lifetime of & metal part.

25 SUMMARY

A method of securitizing a metal part that has not been exploited for authentication
purposes s plating with a metal layer. Metal plated layers are typically optically dense, and

therefore not well suited for carrying optical security muaterials (materials that are opuically



detect abl e under certain conditions). Metal plating processes are al so not
conduci ve to the co-deposition of a dissimlar material, such as an optical
security wateriyabe76 Enbodi nents of the present inventionpdedaseetbhe3spivcesses
to incorporate opti cal security elenments that provide security,

anti-counte e|t and/ or, .nanme bra Egotectlon for obj ect s, t hat a

subj ect®#cta 55“‘%‘ Fée‘ﬁ}ﬁé%@mf’%“ﬁn sf‘ﬁF‘ﬁgiﬂ" § Ry ESretd “h‘aff‘i*ﬁ sovdgeiEnveip t he
| um nesges: %oaa&ﬁ b@k%&m@ i ferdy Heh L8 %gpﬁ 5@ n{aﬁadvn@ﬁ{ M;]agmsg face,
whi ch extends the lifetine of he optical feature over that of an in

pai nt, tbe pmatmuml’emwmﬂe@mbﬁ pr&ﬁ'me tt meopetr dpticahsiceriiyatlementy thee provide

i ncorporat ed into an tin act ur.i n tional
br oCeaar Al HE- G lks i Gienghd L ik Y nabise el Tynoubey S Pl S ey "o
be needgl.type of finisAingNAVEhy Bthdrhibub@ixab »:}n@é\iﬁp%érﬁﬂhﬁe&&nt;Q‘?mﬂéseéﬁlmes a
invention is incorporating an inorganic anti-counterfeiting feature within
a met albefrar pihesiopdotthe pndisliete atrtack buhishoktaadb ol hetitrs of the ngtipridsante

i nventign Icf (Ir} Abl|lt§ to chan se H“té’be enepts at .di fferent staﬁes of

el ectrodép N, Wi H“proc‘)vﬁ“‘éeg}for a Tyt O PG e

securi tijceh@tRAtiftoaln owalll QUSINEaInSIAgas Rhedspar dddidnl pmémaiﬁqb@i hier
novel attribute of enbodi nents of the 15 present invention is a controlling
of a plaaPlviveg dscrely RpteHalineerith et may psbeoteedettyi ng tinmes to enhance
enbeddi ng of particles, as such tunbling can easily dislodge deposited
particles frbnﬁi‘t\hb aiteibalk Na;eeﬂwdmwm of [the grpwnatiivegtion taulmamwwagu g
b L e R R A N TR el e M PN R

surface T Faar ave ar advan age 1 a "SI

r ermvalmﬂi‘odaﬁ rﬁ@@ﬂﬁ%lg’t pref@atmasomhesne ssueakl Liabye ofoutine s:lfgﬁ@hw;@ deyreie
required. An_advantage of embodi ments of the present invention allows for
the aut¥est peelesglepedionr e pevidss Enrpabilyy pudstectidiipemgcwity Kiekatyet al

coat i ngy %Hﬂ%%&t# 3 ao% &ﬁu&ﬁﬁgp« ; A‘ﬁ&h@?ﬁ&» d?lﬂ})ﬁt?m%ﬁﬁ&l Hﬁré‘hi gRating

is Vi SI
Ebodi needest ofvette i me&anhilmmrﬂ rat ;ni@ﬂm@bsﬁtei esnaxbﬂneermtmt atoppaf tart,mubemmr e
wear resistant dLgF éSto the, o osi Ig as thegg nL artlclcss are
mich P GBRARSTEASTRRE RPUAR I5HRarpg & Bt P P RY I R ysi s

BRI EF DESCRIFILEN.GE - DRAWNGS Figure 1 show emi ssion scans of netal
substrates (e.qg., Tretal washers) after plating. Figure 2 shows em ssion
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Figure 4 shows em ssion spectra of a coin substrate before angl after
B{p ati ngsewnt‘s ieatmes where durability of the feature may be reguwred.  An advantage of
embodimenis of the present mvention allows for the authenticating feature 10 be essentially
built in along with the metal coating and remam intact as long as the deposited composite
metal coating 18 visible, which, for the most part, may be the lifetime of the part
Embodiments of the present invention also enable a metal part to be more wear resistant due
2% to the composite laver, as the ceramic particles are mwuch harder than the metal matnx that 1s

co-deposited during electrolvsis.
BRIEF DESCRIPTION OF DRAWINGS
Figure | shows emission scans of metal substrates (e.g., metal washers) after plating.

Figure 2 shows emission scans of metal substrates before plating.



Figure 5 shows fluorescence em ssion scans of netal substrates in
Experinent 3. Figure 6 illustrates enbodi nents of the present invention.
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Figure 10 sllostrates an electroless plating svstem according to embodiments of the
present invention.

Figure 11 iHlustrates an authentication process according to embodiments of the

present invention.
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Figure 12A illustrates an example of a substrate with a plated metal layer that contains
a distribotion of luminescent particles deeply embedded into a lower portion of the plated

metal layer.

Figure 128 illustrates an example of a substrate with a plated metal laver that contains
a distribution of haninescent particles embedded on or near the surface of the plated metal

20 layer.

Figure 12C tlustrates an example of a substrate with a plated metal layer that comains

a distnibution of luminescent particles throughout the plated layer.

DETAILED DESCRIPTION

In an electroplating {also referred to as electro-deposition) process, a metal anode

25 {metal to be plated) and cathode are connected to an external supply of divect current, most
commonly, a rectifier. The positive terminal of the supply is connected to the anode and the

negative terminal is connected to the cathode (i.e., the substrate on which plating is desired).

Both the anode and cathode are placed in the plating bath containing a solution of the desived
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Furthernore, by the inclusion of the [um nescent particles disclosed herein
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intervals through controls to its notor 805. For exanple, the barrel 806
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WO 2011/ 156676PCT/ US2011/ 039918 obj ects 807 before and after such plating
exanpl es were collected for different processes, in which stainless steel,
bronze, sweebivwsegper, titanium and brass were each separatsediy/opdoat ed wit h
phosphor particles. Em ssion spectra were collected (such as with a system
1100) on a Hori ba HuoroLo ectrofluoroneter e 2 shows graphs of
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obtai ned for thé& other |um nescent particles disclosed herein and t e|r
equi val ents. The em ssion spectra were collected and integrated (such as
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sides, i.e.: as shown in Figure 6, such netal |ayers 602, 604 with enbedded
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of intermittent pausing of the barrel rotation and changing the rate of the barrel rotation can
be combined to achieve a desired loading rate of the lughly dense luminescent particles
throughout the plated metal fayer. As a result, embodiments of the present invention may

incorporate such variables in the tumbling process to achieve desired deposition effects.

5 Figure 8 illustrates a system and process 300 for eclectroplating a metal laver with
embedded luminescent particles {e.g.. an upeonverting phosphor or any of the other such
particles disclosed herein or their equuvalents) on metal objects 807 (e g, metal parts, metal
washers, coinage, eic). In a first example (herein referred (o also as “Example 17),
upconverting phosphor particles {e.g., approximately 90 g) are added to a copper cyanide

10 electrolyiic solution {e.g., approximately 9 L), such as commercially available from Technic,

inc. The resultant plating solution 301 may be heated {e.g., approxamately to 150°F). The

plating solution 801 may be agitated by a mechanical tmpeller (not shown) or stie bar or
recirenlation pump 804 to maintain the upconverting phosphor particles in better suspension

tn the plating solution 801, Copper anodes 802 submersed into the plating solution 801 may

Y
iR

be coupled to a positive lead of a power supply 803, Metal objects 807 {e.g.. mild steel,
stainfess steel, copper, brass, titaniumn, or bronse) may be cleaned and placed nto a plating
barrel 806, which may be connected 1o the other lead of the power supply 8363, The
dimensions of the objects 807 mayv be recorded to determine the proper area of metal to be
plated. For example, the area of a copper washer 807 may be 1.25 in>. To plate ten copper
20 washers 807 at 25 a.s.f (amps/foot?), the power supply 803 may be set to deliver 2.2 amps of
current.  Once the solution 801 is energized, the plating process begins. In addition, the
plating barrel 806, which may typically rotate at 30 rpm. may be modified to rotate at
different speeds and/or at infernuttent intervals through controls o its motor 805, For
example, the barrel 806 may be rotated for 4 seconds {s) and stopped for 16 seconds {other
25 alternative mtermittent cycles may be used, sach as rotate for 16 s and pause the rotation for
64 s} This process modification allows for the phosphor particles to better adhere to the
metal substrate 807 surface as the copper being apphied via electroplating 15 building around
the particles.  If the plating barmrel 806 was permitted to rotate continuously (Le., withowt
stopping on gn intermittent basis), a majority of the phosphor particles would become
30 dislodged from the objects &87, and the overall content of the phosphor particles in the plated
surfaces may be minimized, if not completely eliminated. After a period of time (e.g., 60

panntes) under these conditions, the process may be completed.  Emission spectra of the
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objects 807 before and after such plating examples were collected for different processes, i
which stainless steel, bronze, steel, copper, titanium, and brass were each separately plated
with phosphor particles. Emission spectra were collected (such as with a system 1100} on a
Horiba FluoroLog-3 spectrofluorometer.  Figure 2 shows graphs of such emission spectra
before the plating process clearly indicating no signals detected by detector 1103 in response
to excitation with energy 1110 by an illumination source 1101, Figure | shows graphs
{which may be displayed on a display 1103) of such enussion spectra afier each of the plating
processes, which clearly indicate successful platings of each of the metal layers with the
embedded phosphor paricles, since each exbubited an emission of energy detected by

detector 1103 in response 1o lumination 1110 by the source 1101,

Reforring agam to Figure 8, in another example, approximately 90 grams of UV-Red
phosphor {comumercially available from Nemoto & Co., LTD) may be added 1o
approximately 9 liters of copper/zine cyvamde electrolvtic solution commercially available
from Technic, Inc. The lemperature of the resuliant solution 801 mayv be brought to
approximately 165°F. The solution 881 may be agitated by a mechanical unpeller or stirrer
or a pump 304 o maintam the downconverting phosphor particles i a satisfactory
suspension.  Brasgs anode(s) 802 submersed into the plating solotion 301 may be coupled to
the positive lead of the power supply 803, Bronze washers 807 may be cleaned and placed
o a plating barrel 806, The dimensions of the washers may be recorded to determine the
proper area of metal to be plated. In this example, the area of a bronze washer 807 was 1.25
in". To plate ten bronze washers 807 at 25 a.s.f, the power supply 803 may be set to deliver
2.2 amps of current. Once the solution 801 1s energized, the plating process begins. In this
example, the barrel 806 may rotate for 4 seconds and stop for 16 seconds (other alternative
mtermittent cycles may be used, such as rotate for 16 s and pause the rotation for 64 5). This
process modification allows for the phosphor particles to be better adhered to the metal
substrate surface as the brass being applied via electroplating 1s building around the particles.
After approximately 60 minutes under these couditions, the plating is stopped. For analysis
of the plated washers 807, the fluorescence spectra were collected from a blank washer
before plating and a washer post-plating.  Fluorescence spectra were obtained {such as with a
system 1100} on an Ocean Optics USB4000 spectrometer {1103, 1104), while ilhemination
1110 was supplied by a handheld short wave UV lamp 111 {commercially available from

ol

Entela MineralLight, Lamp Modet No. UVGL-38). As shown i Figure 5, the spectra record

10
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FLOS from the plated washer was consistent with that of the raw phosphor, while the blank

washer before plating showed no appreciable Hoorescence.

A sertes of experiments were performed {0 determine opiimal pargmeters for
embodiments of the electralytic plating procedwres disclosed herein. Referring to Figure 8, a
copper cyanide electrolvtic plating solution 801 was prepared per Example 1 inttially withowt
any security phosphor. Fifty comn blanks 807 {e.g., 17 millimeters {mun) in diameter, 2 mm
thick) were plated in each experiment. Vanables (parameters) tested ncluded: (1) phosphor
loading or concentration i the plating sohstion 801 (5, 10, and 15 g/L}; (2} barrel 806
tumbling rate and any intermittence or pausing of the wmbling (30 rpm constant tumble
without pausing of the tumbling. 4 seconds of tamble (at 30 rpm}/16 seconds of pause of the
turnbling, and 16 seconds tomble {at 30 rpm)/ed seconds paose of the tumbling); and (3)
cwrent density (10, 20, and 30 asd)) from the power supply 803, For all examples, the
process 800 was operated to obtain a plating thickness on the coin blanks 807 between 30 um
and 50 pm.  For these experiments, an upconverting IR to Oreen rare carth oxysulfide
phosphor was used, though sunilar results would be obtammed for the other luminescent
particles disclosed herein and thew equivalents. The emission spectra were collected and
mtegrated (soch as with devices 1103, 1104) under simidar conditions as in the first example.
The average stgnal imteusity (energy detected 1103 as bemg enutted by the embedded
partictes in response to illumination or excitation 1110 from a source 1101} for a series of 10
coins 807 for each experiment {both sides, 1.e., as shown in Figure 6, such metal layers 602,
604 with embedded luminescent particles 683, 605 may be deposited on all sides of a metal

substrate 601} is reported in Table 1.

Table 1
Experiment No. »{ i?}?_}sph'm; {.‘.ssxwz’n }.‘{cnsiiy Iunhki{ai\ Higual Ell{tﬁifi‘it?"{m Cain
Loading (/L) {asd} fiermiitence Average}
i i 30 Comnstant i
2 N 30 168764 s 1549
3 i@ 3 168645 2434
4 i3 30 Comnstant 36
3 i5 33 457t {94
{i i5 HE 168645 20185
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WO 2011/156676 PCT/US2011/039918
Experiment No Phosphior Current Poagity Tumbde Rate / Sigrad Bntensity (30 Cuin
= S Loadmg (g} {as i) Tnfeoitenee Aveesged

7 15 24 165764 % 3419

3 i3 3Q sty 4201

What these experiments indicate is that although phosphor loading in the plating
solution and current density do have an effect on the signal intensity, 8 greater effect results
from the utihization of the intermittent tumbling process. In all experiments the unifornuty

5 and loster of the metal firush on the com blanks exceeded acceptable criterta. This 15 vot an
expected result, since g constant tumbling process would typically lead to a better plating of

the objects.

Frgure 9 Hlustrates a dip or rack plating process and system 900, similar 1o process
and system 800, with labeled tems 901-904 and 907 configured and utilized similarly w

10 labeled items 801804 and 807, though without viilizing a rotating barrel 806,

Figure 10 illustrates a system and process 1000 for glectroless plating of a metal layer
with embedded luminescent particles {e.g., an upeonverting phosphor or any of the other such
particles disclosed herein or their equivalents) outo objects 1002, w accordance with
embodinents of the present tnvention.  As a non-limiting example, nickel(1l} sulfate {105

15 grams {g)}, sodium hvpophosphite {12 g). lactic acid (10 milliliters (ml.)), propionic acid (1.5
mL}, tead(Il) acetate {3 parts per miltion (ppm)), and upconverting phosophor particles (2.g.,
IR-Bloe} (2 g) may be added 1o approximately 300 wil of distled water to produce & plating
solution 1001, Other equivalent materials may be utilized instead. The plating solution 1001
may be stirred by a magnetic stirrer 1004 and magnetic stir bar 1003 {e.g., at approximately

20 170 revolutions per minute {rpm)) to maintain a satisfactory suspension of the phosphor
particles 1 the solution 1001, The magnetic stirrer may ncorporate a hot plate 1004 to heat
the solution 1001, To the solution 1081 may be added metal objecis 1002 to be plated {e g,
nickel-coated steel coin blanks (substrates)); after being submerged i the solution 1001 {e.g.,
for approximately 2 hours), the objects 1002 are removed and may be washed with distilled

25 water. For the noted example, an analysis was performed {such as with a system 1100} on a
Horiba FluoroLog-3 spectroflucrometer.  Figure 4 shows emission spectra of the coin
substrate 1002 before and after plating. Before the plating process therg was no energy
enutted by the coin substrate 1002 1 response to the excitation by an energy (illumination)

12
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wavel enbt hssémtamethen pantok Ehasd imthe h:epms héar lhayebits)essanhivetrelegdbl eslar
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t hat |smﬂ?;}‘3t“§c‘f3@m%ny of the processes disclosed herein nmay be used for
depositing such pultiple |ayers, For exanple, referring to Fi ure

metal part (%HB‘§‘P“|"aHfé*’)“b?‘6!E“‘r’r’é%/{“cfé?hf‘"‘&itﬂmf‘ “6rb‘~f—*hd%’F‘éﬁf‘ge‘ba‘r“é‘thé Lh%t“a‘{” ‘(e g..
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differ eanbpwamhcermg»tahsomhémra:ppnm&r i 1t gleyiodx of thedrel Alftdmui er«wnmm;swf age

| 702 ma 1. 1 703 t hat th
el TR STREnT MPE Bttt BE e oottt ab Sire
ener gy Rtiods %?@&@%ﬁ"@?‘!@ lpgmﬁs.h aé %x@fgtat%%&1lame dofuﬂbhalok Yhe BJﬂ?e 1a5 &ff&@ﬁmst
surface | ayer 702 would emt 480 nm energy until the first gm

surface‘?‘#@ éron?@a_m @h@ufﬁoﬁ éremim}mﬁa Ué@riwﬂﬂélﬁabﬂl“i‘vdg? ‘ﬁiﬁéﬂis@écmd‘ kﬂ@w tm

Dyer 7okohd Eds cRENR "o STyt PRPEDE. STl EIBNEPL, s or

al t er natdcowadiyalyfdifidr hﬁﬂanﬂ'ﬁﬁ@it& drayahSiheWe dt @del fdlloRaty arbedded
particle(s)). The foregoing may indicate to a user that the netal part
needs to be replaced or resurfaced.
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20 For exanple, a user may wish to replace or resurface a part when it can
be excited with an energy that causes the 545 um wavel ength of energy to be
det ect ed.wBuroh/iBadr6di nents of the present invention arePootUuskélriosmads t o

t hese particul ar Iayer t hi cknesses, wavel engt hs, and/or nunbers of |ayers.
A nunber . of the invention have been described. Neverthel ess,
it wl I“é%“blen&jhgb\rng d that various nodifications my be nmade without
departing fromthe spirit and scope of the invention. For exanple, the

peri ods; of bRkfBlodreE lpoShnIa¥n@ANMRf:r S8y @:Q%m%@dide%tlhﬁﬂéa&ﬁn pafibiedsngf tine
where the barrel is rotated and the barrel is not rotated, and such periods
of rotation 3a¢td1wé&tmt¢ngtmmﬁ3r$!fﬂg rotation may be rotations of the barrel at
different speeds fro tlon may
be. substi t ut ed i Gogmie St Gle S BEReR REMRIPAL e g e diftblsoe s,
to achi eve desgitixgd deposition variables. Accordingly, other enbodinents are
within the scope of the following clainms. WD 2011/ 156676PCT/ US2011/ 039918
WHAT 15 CLAMED | Suseminpihngitd opbaiaposia baglagngselaionapdr havi ng enbedded

| um nescent partigl t .. o . Xi ng
the |um nescent alr“it%?%?lg 3%3%1%%5&55 ) ?ﬁ& \rh%tﬂ?(thgrbgg%%{‘{tcs{\ﬂg'{h rmtai lﬁ\,{'patl ng
sol ution; i nsheahng: hbal ptalonsihsiitaidded mmn&bbﬁnmhﬁk&aag sol utl on; and
performng a plating process to coat the netal substrate with the netal

| ayer, wherejn thF kget al yer cont |ns ?dded | um nescent particles The
met hod s rediSBEphe ‘I‘f&ii F“*‘\?We’ ‘ﬁ“i“h R PO ESE SO BrE% r ol ess
pl ati ng proq@§&,§€q\3 The nmethod as recited in claiml, wherein the plati ng
process is a. dip plating process. 4. The nethod as recited inclaiml.

mhereln the plating process is an el ectroplating process.
The method as recited in claim 1, wherein the plating process is a dip plating process.

4, The method as recited w claim 1, wherein the plating process is an electroplating
Process.
3 The method as recited n claum 4, wherein the electroplating process includes a

rotating barrel in which the metal substrate 15 contained when inserted mto the plating

soiution.

8. The method as recited in claim 3, wherem the electroplating process comprises
rotating the barrel on a constant basis while the metal layer is electroplated onto the

metal substrate.

7. The method as recited in claim 5, wherein the electroplating process comprises
rotating the barrel on an internuttent basis while the metal layer is electroplated onto

the metal substrate.

el

The method as recited in claim 7, wherem the intermittent basis is a rotation of the
barrel for one or more periods of time that are less than periods of time the barvel 15

not rotated.

Q. The method as recited i claim § wherem the one or more periods of time are each

approximately 25% of each of the periods of time the barrel is not rotated.

14



The nethod as recited in claim4, wherein the el ectroplating process
includes a rotating barrel in which the netal substrate is contai ned when
i nserted wotwoitt1ses7pl ati ng sol uti on. 6. The net hod as reciPCedszon1oBw@isn 5,
wherein the el ectropl ati ng process corrprises rotating the barrel On a

const ant ba_s%I mlle the netal |ay e{ S el ectroplated onto the netal
subst r atle gefpdgursientispise TRl epiasLFOBPNEr ei n the el ectropl ati ng

process conpri Se-m%@tﬁmﬂt{lh&m@%r\m e&ﬂrﬁ]’fb;ﬁﬂ}kﬁ{m ﬁ&?@&x&%ﬁk}% while the
metal |ayer is el ectropl ated onto the met substrate net hod as

recited in clai mdﬁeumhxeméﬁmet h@igxmi?em;mwttymtecbmhstmeim&tm angtiad [tom tbé t he
barrel for on l h ?q i ’g i ods. of tine
the barrel ‘Ee*ﬁ'o‘%‘ﬂ“r‘%f‘h’t‘féﬁm‘“rﬁje* ﬁéf‘%"é’@ﬁé} ‘éd?‘i‘%di’bi"r*r‘é‘l“&eﬁF Y FORREPEEN the
one or nore pefitRdav@bndhmgdar e each approxi mately 25% of each of the
periods of time the barrel is not rotated. WD 2011/ 156676PCT/ US2011/ 039918
10. A nethod for detremenes dat thﬁgu@ﬂrfému\mﬂwtm dohpeisgnepmexaiathag t he
nmetal .object ¥:\4 th pnuﬁty‘“ ey I8 :SI ng a first wavel ength; detecting
whet her ener§S  HorpFiCrRy s $56€84nd wavel ength is emitted fromthe netal
object in response to the excitation of the netal object with energy

conpri siing t¥e thithsd as@veddeingliin Andherein the detdroiiat agophat at he net al

object is. aythentic if the energy, conprising the second_ wavel ength IS

det ect ed. . FlecUPRBEIDHiALANS WL RdlOFh EPEF AT Al OPAZIRE (BT ID) j ect
conpri ses_angl SERRAALEH FELA whAN Gl eEhdethe LTNERERRIAREL ! C €3
configured to emt 5nergy conpri si'ng the second wavel&ngth whén excited
by the energ;mc\mmdangtlng the firste 12. The nethod as recited in claim. 11,
further conprising determning that the metal object is not authentic if

the ene] gy Cﬂ\&' metﬁm?gx Ieutedsm L?’ilﬂ] 1".@&3;1?}@:’ 901?1{311511)" &)elezmntn%w ﬂl&q the metal

object is not authentic if the energy comprising the second wavelength is not detected.
i3, The method as recited in ¢laim 12, wherein the metal substrate is a negonable coin

i, A metal substrate comprising an electroplated metal layer on the metal substrate, the

electroplated metal layer contamning embedded hununescent particles.

1S, The metal substrate of claim 14, wherein the embedded luminescent particles have a
composition configured to emit energy comprising a second wavelength when excited

by energy comprising a hrst wavelength.

16, The metal substrate of claim 15, wherein the electroplated metal laver has a
composition i which the embedded lumingscent particles are substantially distributed

throughout the electroplated metal layer

17, The metal substrate of claim 14, wherein the electroplated metal layer 1s selected from
the group conusting of mickel, nickel-phosphorus, copper, brass, gold, sitver, and

platinum,

i8. The metal substrate of claim 17, wherein the metal substrate is selected from the

group consisting of copper, brass, bronze, muld steel, stainless steel, and titanium.



13. The nmethod as recited in claim112., wherein the netal substrate is a
negoti able coin, 14. A netal substrate conprising an el ectropl ated netal
| ayer on wbeonetsed76substrate, the el ectropl ated netal | ageruSse@ntoadons ng
enbedded | um nescent particles. 15. The nmetal substrate of claim 14,
wherein the enbedded, | um nescen i.cl.es have, a corrp05|t configured to
enit enérgy ﬁﬁﬁﬁ?‘?‘sﬁ“ﬁg“?ﬁe sEdomul %‘%H&W"l%ﬁ’eﬁ‘bé‘%&f fSetigs ﬂéiﬂér»w
conprising a first wavel ength. 16The netal substrate of cI ai m 15, wherein
the elegtr Opﬂ]@tlﬁgai’\@ﬁ‘@l‘mé ﬁy&ﬁmh% c@nﬁﬂ@i&%@%héﬂz@s”eikd?r@MHt@&‘m&ﬂ?h%@ibedded

| um nescent particles are su bstantially distributed hr oughout the

el ectropl at mnﬁ&mia@ ‘W}h@@ea g h@amnwarsﬂtfswir'aﬂﬁewm «mra;mmm thwhideei n t he

el ectropl at ed et bai {p g fromthe group consisting of nickel,
ni ckel - phosphbY ‘u‘éw‘% ef)é‘é ““BP%? 5“ p@ S silver, and platinum 18.The netal
Substrate of claim1.7, wherein the netal substrate is selected fromthe
group consisting of copper, brass: bronze, mld steel, stainless steel, and
titanium WO 2011/ 156676PCT/ US2011/ 039918 19. The netal substrate of claim
14, wherein the netal substrate is a negotiable coin. 20. The netal
substrate of claim 14, conprising another el ectroplated netal |ayer

cont ai ni ng enbedded | um nescent particles of a different conposition than

t he previous enbedded | um nescent particles.



