A PLATI NG PROCESS TO | NCREASE CO N BLANK SURFACE HARDNESS FI ELD [ 0001] The
present disclosure relates generally to a process for plating a coin bl ank.
BACKGROUNRO[2002] a0 t he begi nning of the twentieth cent BCE/CADT2003038i on
coins were made of silver alloys. In order to reduce costs, in the nineteen
fifties circulation coins were made of non ferrous base alloys; and in the
ni neteen seventies, plated steel nmaterials were used. In order to nake

pl at ed steel circul ation coins, one or nore |layers of netal are plated
directly on tABLATING PROGESS TQ INGREASE.COIN BLANIK SUREACE HARDNESS ¢ o plate a
single layer on the steel, for exanple, copper (plated using a cyanide
process) grl#%ckel (plated using an acidic process with nickel sulphate or
ni ckel sulff& te). In the nono-ply plating process, the coin blanks are
anneal ed 40004} pl at ThegoresenadisaidsuBse@Btasyenerdiyrto m@rorakefot pletirgtaeein bl ank sof t
enough forgxknting. [0004] A multi-ply plating process is used to plate nore
than two layers on the steel and is discussed in US Patents 5, 319, 886 and
5,151,167. In a multi-ply plating process, the steel may be plated wth,

f or exanplpacKeRBEND copper and then nore nickel. In the nulti-ply pl ati ng

process, | anks e anneal n about 800C in order to
ke the 308al b sk Esp et therp it Pl SisHaRE s 7S MARET ng- pr ocess
over cones sihar alnys. 18 lhoiet ©oaluTgsost§, |m’menmetuen|®ft|ys pircatationgcqimsogers snadé of exanpl e
the use of; ol ummar

i or ost r acP b ofs BEROREyCKAh 4%y Atk RepeL P Pubi eg;aﬁgvérf?ﬁseﬁt al o

coi ni ng dileondpfte m%@@@?ﬂdﬁtﬂ Cirpuiatioy) mlrisngnq)cprmggyp@ ofimewl a6 psttest e t wo

| ayers on girb@lyoh@f stedror exanpl e, the steel is first plated with copper
(using a nlde process) hen nickel is plated (usjing a acidic process

W h o ek dVOBL T oo R TERC A ARG e st nes BoBle T eSS aRdan horeda’t ho b ank
a white siekareply, ocopbem(platlen usihg a byanideyprgdeas)i an gickel quass usidian ddidinks ar e

anneal ed ?Mc@&t\mh&\‘i it Lﬁ’%ha?e ck%%ﬁ&%rhé?e)ofnqﬁé mBr?o gﬁ‘:ﬁﬁtlﬁcj&&oéés@qhe bl ank soft

enough fo I’'s an e of the

mul ti-ply cglln@!anhgarguanc@ﬂqwef plptgng ﬂtay@tﬁ 869°Crin @wértowweb@ et vtank sefed by a
thi cker | ayelgngbr miaRer- The bi-ply plating is nore environnmentally
unfriendl and potential ly dangerous than the mnul tl?fs) | ati ng process

si nce bot H0@hni de %H’tﬂ”t'aw platifiePrersasisiusetioqiate BrnaR P 16 etthe ot her and
coul d accistkendrali$ yisceaed intUs Pa&éreasewlemﬂém FyeEesT. In\é@nultl pIy plating
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aver age tg)?opgsl Fﬁ:tzs(i)é@ gégggé eLj né;)g\éplﬁe Eﬁgerln% ﬁer aﬁ!ﬂ ecl ?r% '?lge be 25

m crons. Thihe rmpien:lv f)iaérd; mrm@mb@blanlg ahayealed raftmnﬂ%mg tabatpnbm@é@ it he st eel
agai nst SteRl 1 SAEKARE HRel@bhkisSit @nJu'dH?&r'nﬁrﬂmefTﬁehﬁulﬁﬁl%'lauﬁ grfo@&% hardness and

the desired resistance to wear and tear oveéer the deSire ear
ci rcul ati OMEFPTS ‘(ﬂ“o%'fhﬂ‘ogﬁ?"ﬂf‘gi QT@EP?TN%@&P?W@? Rrﬂ“eesﬁlf&&%‘amﬁieé %se;ﬂfoduced in

any of theomperdyhmdescsrndmnﬁ dbragdleynalllr© 6188 ESurdharanitrostaciuad ofitee of 800C or
[ al so softens the nickel

hi gher, as, ne d ta ten the steel for .mnting,

ang/or co Eéerde%‘ﬁ(g W'HEP llsgg;%elsflgé]y g%tam?rgaldggglmp%glel ar resistance of the

ni ckel and0a®5] coppeh bigdhaplating drecees (ssised Prpatatwrdayaesiomihasiesl. Ean have a
superfici el aMth a force
of 1 0y and 2 Bl SEE i B e e L e et Bl ot 33 to
53 on t he PRIGTUSBEGA éc'd'E(BCPGSﬁ with nickglssinhate s nickel seiRmaiR oxePhacInRg” 1Br ocess

t hat t resulghe tlhé"ibl??l@ \mﬁ@c{sn Bol¥¥. fnthé BuC]th@ w&ﬁgs ;u%sma{kara\ﬁeeadﬂemb@ bl f
mai ntai nin a . So I N | rabl e or
the pl at ed @oiANGA FPY h@ﬁmgeﬁa A B sfoet Bk iieadngor mfhe §7% of o

pl ati ng deppsg |ptat|mdwls(ahreemnwcomordarmse eﬂhemunmﬂpplatmlg sthos the. first layer of

[ 0009] Addi ¢ I Layer of an
organi c co é"%ﬂ‘?é?{ b, suﬁﬁtﬁ’ﬁédﬂ%fa $§kg@?%§€c E%[ )IMéE' pgll Fﬁé{{np%ﬁﬁgt prohi bition
conpound, enwr%metallst Wfrﬂﬁnﬁlyrﬁnﬂéoﬂeﬁﬁlaﬂv fenoesavd thay te@multlmuatm@r@s@a during

rolling. TEhee Qétgwérﬁbe(%ﬁmé‘éldfwe LSedah é‘l@sé(j&@ﬂmh@tore%@hl%errmtdonlg during storage
and transit. In order to ensure good hesion of the plating netal to the

st eel bIaﬁﬁ“d??ﬁgr%$b@ﬁ?%a%ﬁﬁﬁ8ﬁ 8%%s renoved using sol vents, for exanple
al kal i ne washi ng conpounds and aci di c decapant material s, whi ch then need
to be disposed of in an environnentallty- appropriate manner. [0010]It is
desirable to provide a plating process that renoves organic nmaterial from
the steel without the use of solvents. SUMVARY [0011]It is an object of the
present disclosure to obviate or mtigate at |east one di sadvant age of

previ ous processes for plating coin bl anks.




[0012] I n an aspect, the present disclosure provides a nmethod for plating
nmetal or alloy blanks that includes heating the netal or alloy blanks at a
recryst alwozatyom2enperature sufficient for the netal ecTalA2oiz/05a9nder go
a recrystallization to soften the netal or alloy for mnting; plating the
softened netal or alloy blanks with one or nore | ayers of netal or all oy;
and heating the plated blanks at a tenperature sufficient to reduce plating
stresses but below the recrystallization terrperature of the outernost

pl ating | 498961 wo 200 S theAhres glating eiaoesses. (iscryereop dial Bjatine denohl or al | oy

bl anks mayhiGk@esd ie@brmalip PR lfied By S5, mla}oummwdpbéummckrﬁeaycﬁezdm il | oy,
70Cu/ 30Zn a Cu/ Zn/ Sn, al lo

Cupr o- i ciRBie B AREe e84 doBar HeL e Ra o8 el Oube welFBee ol 11 sati on
t enper at umerdnessdnhadasired E26taGcardverbonrt te95tveGhe oesisd @itye 80D Culativts about
850 C. They c&meg Pl anks may be heated at a recrystallization tenperature
bet ween about C and about 675 C. The brass bl anks nay be heated at a

recrystal I[9°4°31| on t Asalingttie platsd blasknrradisgt ineBy ofthgmePrabdhtorrudi-ety The
al umi num lpf&eg@slat anksere ta%dme@beﬁt Rdr, @ feRB6yBisahd matsﬂeelrfortrﬁ. ature

bet ween ab 00 .and a 750 nks be ‘for about
2 hours. sBitefizie ’Hﬁgfpﬂlé’;’?{éa'?%eaF’PLW)‘%@E?’FE&@%‘P&E% eaéﬁ% 38% cool edu
down to rdmmud:lenmeimtcupp&r plOl5yehfs]. he phredaleddlanké earphaat @dupériciks may t hen
be heated af 3l Q%%eéf%wt%é Bn {hgr{}?%%rs@c?%'MH a%r‘i:? %’ﬁ alﬂpta &Rl RPTP( ebhe
recrystallization erature o out er nost t ayer, for exanple
bet ween aljgsecongs %Idarhﬂllk%mf@’s?@'rabﬁwt@l%é@ Sppmthe 0T(§ﬁal€about 225 C and 275 C

f or copperodvs tl ng It 1;%5.%@@%&&,@@% Piéthh pMRES tam@msmmae& Bén Rit@ting to
be anneal ed. Ei{at ed bl anks may he heated for ab m nutes to 30

m nut es at‘”cﬁi’ée% SPHRRRCE I MEHIRIING? SRTieAGd §tF?'é?§§ee‘é“tabl‘%@rf”i"}%'ﬁ9 equi r ed
for heat i ngddshablgpfoatrepldiddtdiswitrointraasedavgaereaistanes fohave apateced tatal Nng St resses
and cool i t ne e furnace design and nmay take,
for exarrpl%gat'kgd%p%gmh C%Eg% § ?Eo @gﬁouﬁggr'ﬁ?gﬁgﬁ] The netal or alloy blanks may
be heat ed [€20% he r etdditionallyl steeltis eftentrerryeedawithy esyrfacelayerdien agaaicnospher e.

The pl at edoRbaMHsSOMBYaNMR AEahST Foﬁm&oﬁ @rrmﬁrp%ﬂlﬁltﬁ)ntcgmb@urmvﬁ Jdetd Ng stresses
in a neutral atmosphere or in a reducing atmosphere. _The reduci ng

at nospher &pgize;MidiPYaRd ©rcaeldown s es! Qu”’tgrm'éi”% e B'PQé”'BPO’HP%”SgseﬂSOand

hydr ogen ruaétgiongddcéamtugg elatngrstdr@rane‘}fahﬂt &O&%rhydmwgﬁgbod[aaﬁégdnlmu&not her
aspect .t e, BE £SEM (fl SELORML SnRLOYhASS, 0 Al e SLEELPLARK [ Bat 1 ncl udes
a steel core having BT K Na H 6 DB WESh A 3?3 bn the R3OT
scal e; an@xanplbetkaﬁnemhlpd;a@mp@nhamacmdemparhmtaeial@fwmlﬂetham né¢asidet one
plating | %)é%ﬁspbs%d%ﬁ|n041'1té‘f‘1‘§nrcmn?én'td1gaﬂ>&¥&rate hiheputer plating layer having a

m cro hardness of abou on the Vickers Scale neasured with
a force ofl0d18 and lAis@rerabletp REEVise aPiptiag pEisess thatoe@iesREVanistaateriahi ckness of
t he pl ati m@nl tay steelQ¥ithb@\ied Ssel¥ollgntd. r om about 12 to 25 microns. [0019] O her
aspects and features of the present disclosure will becone apparent to
those ordinarily skilled in the art upon review of the follow ng

descripti @UI\M\HABY)eci fi c enbodi ments in conjunction with the acconpanying
figures. |é§§e fonkhe present
di scl osur nov(\ﬂ% gtﬂ:lghe \/\/a(%@gf e[tgggth%P 1931?% %aﬁ rgf erence to
t he attactﬁ’@éd\ﬁ”&@?@épre[/'emr?ﬁsges f%P'?"@Q&O'}BMﬂ”b@raph at 50x magnification of

a ready- tgooﬁ]rl ke, Inba aap&:lf@rﬁbpramm@&wsuw &Bﬂhespé Ab®Ed for BRtindhaker Whi ch
was heate eratur

a t ter Fig. 1Bis a
bhot 0g: ap IS ok TR GHEHs L Seeon e e PLhy bBoRta ket 8&aln Fon. rono- ol y
Ni ckel pl adregkrsttiecuffidieatfér, thevimetah onvaisy fmemﬁe@oatrecaysttﬁlim&mratbuof@erﬁhe 850 C after
pl ati ng; | MY a ready-to-
B 1 koo 2o o Bl vortidnd; BRI e BREY Al PI VAERROR: flre®, C0CY L
r ecr yst al llaygeptdf oretal ehglley.and meatiso trrspated blanis at aliémlPﬁjatNlec%é‘IC'ep!tat ed and then
heat ed at ré’d&@ﬁﬁﬁrﬁ@ét#érsﬁesq;ut B8l fhelrBery SAREGoreAbbREIS btRS8R8rmos0024] Fi g. 2A
is a photo raﬁg at- 50x magni fication of a 15 m cron, nono-ply N ckel plated
steel coi MUQKIB¥H was heated at a recrystallization tenperature of 850 C
after plating, after 4 hours of wear testing;
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[0025] Fig. 2B is a photograph at 50x magnification of a 25 m cron, nono-ply
Ni ckel plated steel coin, which was heated at a tenperature of 850 C after
pl ati ng, wbterz/¥itzours of wear testing; [0026] Fig. 2C i Ca/qarot2agozaph at
50x magni fication of a 25 mcron, nono-ply Nickel plated steel coin, which
was heated at a recrystallization tenperature of 780 C before being Nickel
pl ated and then heated at a tenperature of 450 C to renove plating
stresses, after 4 hours of wear testi n%éé{ 0027] Fi 3A is a photograph at

100x magnil®13ht i on Bt el 95 RURYRINkE gy efl. §W%%faﬁs FlyningabroNgg 28] Fi g. 3B

IF s a ggot @ggg/gb%:@élloﬂcoﬂcm_ufwgﬂbﬂdwaGlMDﬁﬂfalldiJ‘lemﬂnfﬁr’%]lo?t\/\ﬂ?ﬂé bmaté\foshgvm :n 4
1g. .. S ot odr a |ca|on tepate

0t et o RURRdtC tank 702 sEePHISHEH-BRE r3fusd 20X SIRMRNEAERortitr s

magni f i catetweeofbeut 785 it embabouh¥aPoCpbryabibiicd08rC phdaatedt 830°€1. Tootappemhi ch was

heat ed at gﬁank&]ﬁHEFfBé‘Eé’eﬁ@d Afa r@éﬁst&l.@aﬁ&r‘?{] n@le?a‘idré‘getw@é& ?Jou@&%’érﬁ Bbynear

testing; %ﬁ Is a magni fication of a 25 mcron,
mono- ply Ri'ekel Ths %cﬂ"%‘i‘%@?y BdNeR ed/\ﬂ‘hadﬁchﬂé”'Zr?é% eargatuse PEWB®T at ure of 850
gOifZ } i; 1|i|2a\g|63ut@90 °@gh<§é%015ag7cbmw ggg%mmmﬁ%&fel bikghks MEY be heat?‘d ata -
i ot ograph at X
magni i cat FEFY 'f?ﬁ n%lgmpﬁré B%be[t%‘??ogb&‘&%aeg@? @Fg‘? steel coin, which was
heat ed at [@D14cCr yst‘EﬂeI hlaress mag be drgted airabamt athoW80THe lilmfksmaylbeihagemi ckel
pl ated an t 4 nove plating
stresses, qrobh e%lur% an? njiv\g;ﬁrg%%gé&jlﬁﬁﬂ' g%oggé tePatu EA is a photograph at
100x magm[?‘“éht [ on /@‘ferpﬁénqalﬂmréaie%blé@ﬁ "&Q)’t ershio tqdrﬁt RitgpeFture[tp034] Fi g. 5B
IF s a ggot Q%é\féf'blaiﬁﬁg %@é@semrbbn‘owqm ie@@st@ﬁ.%éubﬁtd%@m@e%t ﬂ\elou@ﬂh&ft shﬁvvn : nt |
1 g. 0] a R 10N O e plate
St Sel coi HEURGRHET for Bragiere paRptag Bt pob o BRBcky P 2t Sk
magni f i catednC ahd a751% for eapper, plating OFhel tympératked wip vaty eccosdimgeto tisooplatingwhi ch was
heat ed at t fl [ ft wear
foating:  (DUsFTEREe Wil Getherf e ionRfnaBln B chiffec B DT 0% 72
m cron, nircepbyralreieabmpyeniatng stresses.dor imeupduiRd indeatwgtieblated a
tenper at U@nRd to3Rdtefmpdiat fE toorteﬁ‘lB!/é]}Slatlr@fsTtr%seg@n@@dﬁlﬁg f?)froy\ﬁ?émﬁe@ﬁﬁﬂeng
1g. i s a photograph magni fi cation o m cron, nono-ply

[ 0038] Fi 6C hot 50X t f 25 I

depends on the furnace design and may take, for example, a total of 1. 5 to 3 hours.

[0016] The metal or alloy blanks may be heated at the recrystallization

temperature in a reducing atmosphere. The plated blanks may be heated to a

temperature to remove plating stresses in a neutral atmosphere or in a reducing

atmosphere. The reducing atmosphere may include cracked ammonia, or a mixture of

nitrogen and hydrogen ranging from greater than 0% to 100% hydrogen.

[0017] In another aspect, the present disclosure provides a plated steel blank that

includes a steel core having a bulk hardness of between about 27 and 53 on the R30T

scale; and at least one plating layer, of which one of the at least one plating layer is an

outer plating layer, the outer plating layer having a micro hardness of about 245 to about

280 on the Vickers Scale measured with a force of 10g and a dwell time of 15 seconds.

[0018] The total thickness of the plating layer or layers may be from about 12 to
25 microns.
[0019] Other aspects and features of the present disclosure will become apparent

to those ordinarily skilled in the art upon review of the following description of specific

embodiments in conjunction with the accompanying figures.



Ni ckel plated steel coin, which was heated at a recrystallization
tenperature of 780 C before being N ckel plated and then heated at a

t enper at Wwe 20f2/4520C t o renove plating stresses, after BETHIR/05639%Mear
testing; [0039]Fig. 7A is a photograph at 100x magnification of the plated
steel coin shown in Fig. 6A; [0040]Fig. 7B is a photograph at 100x

magni fication of the plated steel coin shown in Fig. 6B; [0041]Fig. 7Cis a
phot ograph at 100x _rmagni fication of the plated steel coin shown in Fig. 6C
[ 0042] Fi g BRIRF PESSRW%P'S&FJM\E RRAWINGSragni fi cation of a 15 micron, nono-ply
Ni ckel pl q0020] st eel Efapsdimebibiahie pr@serit @Btieshr@ivilaoivarnrsaivyd, EbyQ\fay8)50 C after
pl ati ng, aftere%GI hcxhl1 S (r)ef at cihl ng. W 'gh the Gesswei nTM tunbl er at 30
RPM [004§r?—’71@ g Wingels ﬂﬁ% é‘?ﬁ%‘l 21 "80% magni fication of a 25 mcron,
nono- ply WaHEl pl afigd Asis e@hotogiaph atibixoragndisatior af  teady-toa striegvdér at ur e of 850
C after pl t ”RAM t unbl er
ot 30" Fe &bi‘lﬁ? e TS e A SRR L e S

m cron, RHWQN ckel plated steel coin, which was heated at a

recrystal Iomjl on tragmg.awh@to@rtapﬁg@ogrﬁa@ﬁm&a.ob@félgaaw k&likeppmt ed and then
heated at a te erapﬁyure

of wear t ERPRNICGY VR BEESREeHARRY HBH 8Pt hesbaikimogigrre of s 90 NOUTS

2012/ 17113@9@&@@2012/ 050394 [0045]Fig. 9A is a photograph at 50x
magni f i Cat[bc%{ 00 4t h@gﬁ'&é%‘&h%gﬁgﬁﬁ%d}r& ﬂ}ff@atloggﬂ gsad?fé Wrikgnat her 1 ocation

on the coi ot ograph at Ification of the
pl at ed st GHETOm|NARTIR- ikl plateid gtees@in which gl deatpd ata EGGWS*@HZQ’"IQ@ coin; and

[ 0047] Fi gter%aratarea)fpkmtc)géfa%em@ Nrdks| prRedadd thed héedLdt altbRpdibateast st eel
bl ank coin_in_ Fi at anot her |l ocation on the coin. Al LED DESCRI PTI ON

[ 0048] Gené‘P%l?ﬁ'%m‘??ée PAYYESfSscl osure provides a nmethod for plating coin
bl anks. [ Qao2d] The NfEy.fa#ds apobtagragh att@atmaggificativalof @15 miday mMohapls at a

recrystal 'r\| %&Z 1546 Et@%’%fna\w&?w ﬁéétecdta%treér%t? ﬁé&ﬁorﬁ%hﬁkra&rre 8‘#é58¥?t 0 under go

a recrysta ron mntin ating the
sof t ened méeallating. afler $poush ahkearigsting:one or nore | ayers of rret aI or all oy;

and heat i ngodsfe pl aﬁu&@ZEﬁL%%K&o?f%p@attmgﬁﬁléﬁti%n b4 b5 micRd, moRo-pduce or
renove plating stresses. but recrg/st all'ization tenperature of the

out er nost “bcrks?n'ﬁ@d PlagIEPIn. Vo upsTRRAtG A diterarerait e 8BY dnrier Al &gt to a

recryst al lho@tof wearttestipg ature sufficient for the netal or alloy to undergo

2,SCTYSt fhdgef 30T O OSGLERAOLG, IPAR Bl LYy o TGS Rongl! | 0V Tay

be, for e e, ste um num-al oy, Zinc’all oy,
brass, al anknumtbtﬂ @tnzle:omcwlmﬂewes matéﬂagse@ymllmhmm@eﬂahwﬁ 7i8A°€he art, or

any ot her ol OYsind4qieik| %te’@'aﬁ&'ﬁ%n'h@at@h Bf 4 fithpeRRE bf 450 -8ltd AhTovk biRkingRY be
used include, for exanp 0Cu/ 40Zn al l oys, 70Cu/30Zn all oys, 80Cu/20Zn

al | oys, QﬂrﬁfﬁSrﬁﬂSHB%s OWﬁatrEeSH?%nze and cupro-ni ckel alloys. [0051] Sone
| ow car borpost7pel s, Figrascx appbtograpmaerodr maghieedtiys bethé plartis@dl @iround

shown in Fig. 2A;

[0028] Fig. 3B is a photograph at 100x magpnification of the plated steel coin
shown in Fig. 2B;

[0029] Fig. 3C is a photograph at 100x magnification of the plated steel coin
shown in Fig. 2C;

[0030] Fig. 4A is a photograph at 50x magnification of a 15 micron, mono-ply
Nickel plated steel coin, which was heated at a temperature of 850 °C after plating, after
12 hours of wear testing;

[0031] Fig. 4B is a photograph at 50x magnification of a 25 micron, mono-ply
Nickel plated steel coin, which was heated at a temperature of 850 °C after plating, after

12 hours of wear testing;



750 C. Depending on the carbon content of the steel used in the steel

bl anks, the steel blanks nay be heated, for exanple, at a recrystallization
t enper at Wwe 20f2/172820t o 950 C to soften the steel for m nPCRgA2Q2m5e94 bl anks
may be heated, for exanple, at a recrystallization tenperature between
about 625 C and about 675 C. Brass bl anks may be heated, for exanple, at a
recrystallization tenperature between about 650 C and about 700 C

Al um num bronze bl anks nmay be heated, for exanple, at a recrystallization

t enper at ul®3kt veenFiaisue aphetograghat 2oy GAINTisEiorof 2 80 8% MeaPPIYcul ar

met hods, NikeBgigted stoblapiswritiewhchdtsl Ala recrytaizasdrafembéatur@ss Agsenper at ur e of

800 Cto 85 . . The stee] bl anks .shoul e soften suf.ficient|y that the
ot ni ng. P8 RioRnaSeRs BRlre Aad ER BABE bl BReR R O he Lop FEN SRl gher e
car bon corstresses,giftet teharediwedf @atikgy; (greater than 0.4 w/0), the higher the
desired r talligatd Qs . The

resul ti ng%s\%\éfened @?'edéqgg}pg%?aﬂggg ﬁgggﬁg?lg%hgﬁgﬁg?g%{ég s%:egglm core

har dness &MO¥bHIT9- 2% t 0 about 35 on the R 30T scale. [0053]Heating the
metal or abd3ay bl ankg. sERY aphstgra BBV RO FiakAitcHhos O1tHe flhie@ RteePécgRNI C
conpounds that are coating the nmetal or alloy. It is less critical to clean
bl anks usi® %W'h'n?éq'éént or aggressive chemcal if the netal or alloy bl anks
are cl eangab3sy bei nifigHEais @gphatbgmph el B0amegnificatipe pithel plated[s@bedinThe net al or
al I oy bl aghwm*ic‘pg heated in a reducing atnosphere, for exanple if the
metal or alloy bl anE_’s are steel blanks the reducing atnosphere helps to
renove rud®038t esentFigrbAina PQ?*@@'IaP*tha’iﬁ)KénaQNf'ﬁﬁi'ﬁu@f%& BHORYTs f1eBe-elYmay be an

at mospher eidkBRslatbd steI&BH, whieh wEXREHM Lat aGEASdF S reTBBO P Qafted Opmti?fé,léﬁ@r of

ni trogen %mii1 hiydr ogen rangi ng fromgreater than 0%to 100% hydrogen, an
endot her mi°@ "§¥s °f Brard¢stiakot her mi ¢ gas. [0055] An endot hermi ¢ gas may be
produced qo03dugh t hitigiaB; eGrdretagrapara 6@t magnifecbtidnyd n@Gemicronirhisnogyn and air in

a controll j : [ ' td ow._2CH4 + 02
2 200 5 e BPEROLv R ieq MR el 4 8T G b B T e
are reducisAdowgenwear tedtigd,gas by the reaction prevents netal or alloy from
oxi di zi ng.joe¥e) an | NEYHA ik Blph&edlaBh al WX WhifieRRn TRY 28 fidiH, RRHopRder reduced
oxygen levels; in the presence of a catalyst, using external_heating at
about 100(5\““(‘5?"%‘?%‘?:\%&%'&8%‘é’lh'ﬂ?\ﬁé%%%at‘?deﬁﬁir? t%l"@ﬂ?ib‘%?‘%@“‘é%“ﬁ&&%t is an
endot her mbefopd instesiSiciasn dlateld@np fred e atdd gestenpetaturere5aC'te rahadvb @ratthg gas” .
When t he | i I he presence of CO nay increase the carbon content
of the Stﬁ%&gﬁ@%ﬁ%@@ﬁ%&%&t@gﬂg “e”r harder. [0057] An exothermi c gas may be
gener at ed [0889bur ni ngg.rva#t is p@hotgarapinat 0aimagnificatipn plitke plateddteiehcairhe reacti on
bel ow  CH4ndwidR Fige&2 + 2H2. [0058] Since such a process generates energy,
it is an exotherm c_process and the produced gas is terned an "exothermc
gas". [00%¥48hr bon P08 i8@ PAPIAITRDE ALK MesRficRipR PP @ Blateth$teeb@imi r nay be
used in orsA&n in®id.BBr ease the anount of nitrogen in the conbustion chanber.

The produ drogen d oxygen fr t he added aj react .to form water
vamont OIS IR ALY SMEEReD RE0k PiaRE R Plibe BRI il oy T bduce
t he car boshownindig. 66f t he steel since carbon dioxide may react with carbon
to formc DN O} - t with

car bon toq?(%?& car gﬁcﬁ)g%?r\g?lg)%ﬁ%%&gﬂigsw?%ggﬁ%lﬁggé%ﬁgﬁcﬁg@% @)?ggr m c and
exot her ni &ligkaLialon el caiieoiah Was bratadal ademesaHip of G ehos AlFtom At used t o

pr]g)t ect ds%%buﬁsroﬁ\!ﬂbérlllﬁtih%l@ith \f@e&&ﬂéﬂ%%ﬁ&@ﬁ%&b@wf 2/ ?ﬁ0394 [00|61% Tge f
SO ene or 10 a nma Cl eaned, ber or, .ne alr e atl eq, or
ovamt o o o T B, i sl A o R e S T PR el or al oy
bl anks nayidkel fiated steelicninawhieithugs ngptett amag@hparatutehd B50 NC bt @ating dtegen.  Such
an at m)Sp@%rh%uWwQ%rt&tiﬁéEvitf?&'el%e%ggéi{?{“" t8r!nl>|eP?ﬁ%€ FéH)L' ng the production of

. I T the netal eel ,

the metal or alloy Dbl ank: I'S St édr_ogen may al so prevent
the steel [9¢4dn r ustFiagdCis@ phetogiagt et WxywASAIfIFation G8iade Midsen, MeNPPlr at i on of

ai r i nto t\ikef $14tB@SBeITORCRNIBY HE OB Wit lal re drpaRkzakbr! BmbbRtE sCB00XYgen.

[ 0063] The softened netal or all 03{1 bl anks nay be gl ated using a nono-ply,
bi - ply before being Nickel plated and then‘heated at a temperature of 450 °C to remove plating

stresses, after 96 hours of wear testing with the Gesswein™ tumbler at 30 RPM.
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or multi-ply process to plate the netal or alloy with a netal or alloy

pl ating. The netal or alloy used in the plating may be, for exanpl e nickel
and/ or coppeni2/Enoopti onally zinc, tin, brass, or bronreT/GA20ev05pd9at i ng,
t he bl anks may be rinsed and dried before being anneal ed at an el evated
tenperature. [0064] The plated netal or alloy blanks nmay be heated at a
tenperature sufficient to reduce plating stresses but bel ow the
recrystallization tenperature of the outernost Iatln? | ayer in a neutral
or reduci h84a1 nosphidd-PA 1§ aPEHaRErH 3} Q.‘Pétma@ﬁ'f'%“obloétt‘ﬁ RETCRESH el Shd dues
and/ or tO|ﬁagm¢6atahbﬂhéug(fht|6@6ﬂi)u®tdomn organic corrpounds that are coating

the plate l.anks. educin t here.may b sane or different
from. che BBTCH ng SEREEAERSdeB TR e rERby ST PRUSETE 3pe Bins.

[ 0065] The int EigpiH attappibeseation on thedwimeaql at i ng stresses in the plated bl anks
s _det er migtag) basedeigrud 98 (AbbGaBR S soxbidzhineliol Bt Ak pRiecld PHiahiSash tO Pl at e
t he net al IIo I? I ‘lp ?aﬁgeraxurae%nils ge | ect g%esuc tﬁat It is high
enough to"hf'ﬂefiﬁatta}'?éthﬁt'aﬁqt'ﬁgogtf‘&lcl‘?'”structure t hereby reducing plating
stresses and/or hydrogen enbrittlenent, but not so high that the blank
surface m ffected. The recrystallization tenperature for a
nmetal or ngrﬁsgﬁgwﬁ%ﬁt he art. The tenperature used to reduce plating
stresses i[@048E| ect edersually, thé atesent disslobet pwvidhea methog$erglldting adin on

terrperaturfa g the outernost |ayer of netal or alloy plating. [0066] A netal
or alloy plating which has not been heated to reduce plati ngf stresses and

whi ch doeio%ﬁhl b| t Prednethed igelHdesseeating et oraliay blgets %ﬁﬁ?qutstq lZa¥a may have

a di stort@étnpernm.ectumeemqarthmtaedr a%@tomna&tguetrwrﬁstalﬁaﬂmelso@én &l oy pl ating
heated to the recrystal tion outernost |ayer of netal

or alloy pred'chgld ‘if”e&tfﬂgbﬁﬁt“'”g ‘Bﬁ'%ﬂﬂﬁ” ’F‘Entét‘?ira&°yr%?’}‘§é&“t8f’”?8 B¥Cgrains. A
met al or addylesywf et edallbg, dnkdesteigeiod gaket elpley attauemparatyrensanfieieat tgr ai n
structure : n 671 The tenperature
et e RS Pl LS, oS SBRIRY gl R LTRE [t
200 Cto @g@rfﬂpﬂtékﬁmg layein the recrystallization tenperature. The

terrperatur@oggjsed tOTHeerﬁét‘a‘leorMI(%tdlélﬁs%Ferr%%%?to H?é(:rﬂ?alhzfaﬁtfn t@ﬁﬁﬁémth?e from425 C
to 500C for ni ckel, from for co&ﬂ from3 Cto 475C for

brass, or spffigipntderghemetg! YRIONIOMHHeBP 8reystgIEg tﬂﬁﬂﬁ%d@%mﬁ‘éi/mﬁe%ener at ed
duri ng t hahph&tdl agamymm fan&aamter sppiechpper, blbmirpmatiaciduayibg, zole met al  or

al | oy. Hy 'I’Itgfc,lg Lﬂgrptf)rg/gron Qr%rna&c%ﬁ Sr% ?es%ng%{tge%y v%ﬁl‘ntn ar@ o'P%ﬂ”Oge”

embrittle 5P ANKS era dre'8¥ficient to
reduce pl @thenglloys nmsolamhs mbelhtm Shecnfm@diogﬁsthetlntayMtusechmtslem)éqrat ure of the
out er nost oplabik HHCLAH aftlys OroruBdzh Qlloty‘é‘eaob‘é%Z@huo% QB 8PRRYs Wt ogen by

heating the nmetal or alloy sufficientl'y to releasé the entrapped hydrogen
gas, ther SN2 AIACHRG MG §IBSsi bi ity that the anneal ed bl anks will
experi encgodsuyir ogensaﬁré)rowtctatteﬁemtets foP8&RIpI) endurgsisi e shlligaties afmyid have a

| ati whi ch h K while.h d
Pear  char d60cr: SReLOMaA bh cafe” eHESL ahe Re% BT sult SFeliin B7Heda bl anke
whi ch ar e bleaks mdy b¢ heateéd ipexatple et ofre@BallZatian toDPCatuFeef 78% &mPHAOLC to he
produced Qiabkge Qt@@ltfgrdrmnf?n r@QM&?th@TW\&éMa ﬁ)?e?atmvé@gtg to 500 C may be

plated with 10 t m cr ni cke ] avin ar and tear
char act er|re<tr¥%%"zatnrbtﬁma?rét%@t%%ﬁ?eabagt 6281 Crs8t peeut Bharss- BspstiankpMadks havi ng

25 m cr ongehkatdl Ghiedxahprt &d RtryaalliRABelctpdrRure bet®ebh é.‘bduoem 4ad [0070] The

produced bl a heated to reduce platin e ave r exanple, a
B Lr T ace. niPBPG R MR BeafRtiey BEntns: B, ahr Heba e i ch
ar e heat ederaferatutecheprereatabo@ 700 °Gand amudPEICC. The produced bl anks heated to

cupor 11 61 309%Fcro HP ARSI mARR, ik UesPHAR o OB G AR < seae
measur ed URERPrURH 880 §F 0186 “GnthesterBRNks shawd & saftensd seffidienty gt Hieck el

pl ating. %Hifﬁlhg@lel”b%slH@tsrﬁqtm%%u@e%rc@@&tnt’rﬁme%o%&fheﬂﬁ’g‘?deﬁ{héf&ﬁ@on E&idRt] St eel
bl anks nmay_be of har is cut into blanks

of des.red’ftjtséf?et*?'?%%waﬂe”ha'éﬁdniéat%@tﬁrm‘?&&sw @%%}?'PF"E'% edge. Plating
the steel blank with nickel and/or copper may include: heating steel blanks
at a recrystallization tenperature betaveen 725 C and 950 C to produce
softened steel blanks, where the recrystallization tenperature is selected
based on the type of steel being used; plating the softened bl anks with one
or nore netal and/or one or nore netal alloy, for exanple copper, nickel,
zinc, brass or bronze. If the plating is done with an acid solution, such
as with nickel sulphate or nickel sulfamate, the plating process is an acid
pl ating process. [0072] The recrystallization tenperature nay be determ ned
based on the carbon content of the steeI Carbon content of steeI ~may vary
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[0077] Sanple Set Cis a set of 25 mcron, nono-ply N ckel plated steel

bl anks, where the steel blanks were heated at a recrystallization

t enper at Wwe 2012/17820C bef ore bei ng Ni ckel plated and therChaater/&039a
tenperature of 450 Cto renove plating stresses. [0078] Sanple Set Dis a
set of 15 mcron, nono-ply N ckel plated steel blanks, where the steel

bl anks were heated at a recrystallization tenperature of 780 C before being

Ni ckel plated and then heated at a tenperature of 450 C to renpve plating
st resses. §ORFIYYrEHEcHOOfipetne sigsk The EsHlinhsaftgnesges) flapksmay haveesanpl es are
shown bel ewarmple TaHé@ cdre hariMBsLoffab&a PP kealrit 3ForSmBN 30TSehleB Sanpl e Set C

Sampl e Sefofdsf 178 2dqing i RA of affo) DIdRE mad 3ish reove AtbugR Sortatigh L 4 185
organic compounds that are coating the metal or alloy. It is less critical to clean blanks
using a solvent or aggressive chemical if the metal or alloy blanks are cleaned by being
heated at an elevated temperature.

[0054] The metal or alloy blanks may be heated in a reducing atmosphere, for
example if the metal or alloy blanks are steel blanks the reducing atmosphere helps to
remove rust present on the steel blanks. A reducing atmosphere may be an atmosphere
that includes, for example, cracked ammonia, a mixture of nitrogen and hydrogen ranging
from greater than 0% to 100% hydrogen, an endothermic gas, or an exothermic gas.
[0055] An endothermic gas may be produced through the incomplete combustion
of hydrogen, nitrogen and air in a controlled environment, as illustrated in the reaction
below.

2CH4+ O, — 2CO + 4H,.
[0056] Since both the produced hydrogen and carbon monoxide are reducing
agents, the gas by the reaction prevents metal or alloy from oxidizing. At an industrial
scale, natural gas may be burned under reduced oxygen levels, in the presence of a
catalyst, using external heating at about 1000 °C. Since such a process requires a supply
of energy, it is an endothermic process and the produced gas is termed an “endothermic
gas”. When the metal is steel, the presence of CO may increase the carbon content of the
steel and may make the steel harder.
[0057] An exothermic gas may be generated by burning natural gas with air, as
illustrated in the reaction below:

CH4+ Oy — CO, + 2H,.

[0058] Since such a process generates energy, it is an exothermic process and
the produced gas is termed an “exothermic gas”.
[0059] Carbon dioxide and hydrogen are generated. Excess air may be used in
order to increase the amount of nitrogen in the combustion chamber. The produced
hydrogen and oxygen from the added air may react to form water vapour. When the metal
is steel, the carbon dioxide and hydrogen may reduce the carbon content of the steel
since carbon dioxide may react with carbon to form carbon monoxide, and the produced
water vapour may react with carbon to form carbon monoxide and hydrogen.
[0060] Both endothermic and exothermic gases are considered as reducing

environment and can be used to protect steel from rusting.
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[0061] The softened metal or alloy blanks may be cleaned before they are plated,
for example by being heated in a reducing atmosphere.

[0062] The metal or alloy blanks may be heated in a reducing atmosphere that
includes hydrogen. Such an atmosphere may burn off soil and/or oil used during the
production of the metal or alloy blanks. If the metal is steel, hydrogen may also prevent
the steel from rusting due to trace oxygen introduced by infiltration of air into the furnace
since hydrogen will react with the trace oxygen.

[0063] The softened metal or alloy blanks may be plated using a mono-ply, bi-ply
or multi-ply process to plate the metal or alloy with a metal or alloy plating. The metal or
alloy used in the plating may be, for example nickel and/or copper, and optionally zinc,
tin, brass, or bronze. After plating, the blanks may be rinsed and dried before being
annealed at an elevated temperature.

[0064] The plated metal or alloy blanks may be heated at a temperature sufficient
to reduce plating stresses but below the recrystallization temperature of the outermost
plating layer in a neutral or reducing atmosphere to reduce oxidation of plating chemical
residues and/or to remove, through combustion, organic compounds that are coating the
plated blanks. The reducing atmosphere may be the same as, or different from, the
reducing atmosphere used in the recrystallization process.

[0065] The temperature used to reduce plating stresses in the plated blanks is
determined based on the outermost layer of metal or alloy used to plate the metal or alloy
blank. The temperature is selected such that it is high enough to affect the plating grain
structure, thereby reducing plating stresses and/or hydrogen embrittlement, but not so
high that the blank surface micro hardness is affected. The recrystallization temperature
for a metal or alloy is known in the art. The temperature used to reduce plating stresses is
selected such that it is below the recrystallization temperature of the outermost layer of
metal or alloy plating.

[0066] A metal or alloy plating which has not been heated to reduce plating
stresses and which does exhibit plating stresses and/or hydrogen embrittlement may
have a distorted, mixed and/or twisted grain structure. A metal or alloy plating heated to
the recrystallization temperature of the outermost layer of metal or alloy plating may
exhibit a grain structure formed of large grains. A metal or alloy heated to the selected
temperature may have a grain structure formed of small grains of uniform geometry.
[0067] The temperature used to reduce plating stresses may be selected, for
example to be about 200 °C to 300 °C lower than the recrystallization temperature. The

temperature used to reduce plating stresses may be, for example, from 425 °C to 500°C
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for nickel, from 225 °C to 275°C for copper, from 350 °C to 475°C for brass, or from 375
°C to 500 °C for bronze.

[0068] Hydrogen may be generated during the plating process and entrapped in
the plated layers of metal or alloy. Hydrogen entrapped in the plated blanks may result in
hydrogen embrittled blanks. Heating the plated blanks at a temperature sufficient to
reduce plating stresses but below the recrystallization temperature of the outermost
plating layer also aids in the removal of entrapped hydrogen by heating the metal or alloy
sufficiently to release the entrapped hydrogen gas, thereby reducing the possibility that
the annealed blanks will experience hydrogen embrittlement.

[0069] The produced blanks may have a plating thickness which is less than 25
microns thick while having wear and tear characteristics which are the same as, or better
than, plated blanks which are heated at a temperature of 800 °C to 900°C. For example,
the produced blanks heated to reduce plating stresses at 400 °C to 500 °C may be plated
with 10 to 12 microns of nickel while having wear and tear characteristics which are the
same as, or better than, plated blanks having 25 microns of nickel heated at a
temperature of 800 °C to 900 °C.

[0070] The produced blanks heated to reduce plating stresses may have, for
example, a surface micro hardness which is about 60% harder than plated blanks which
are heated at a temperature of 800 to 900°C. The produced blanks heated to reduce
plating stresses may have, for example, a nickel or copper superficial micro hardness of
about 230 to about 250 on the Vickers Scale measured with a force of 10g and a dwell
time of 15 seconds for nickel plating. Such a hardness provides desirable wear
resistance.

[0071] Steel blanks may be produced from a strip of hard steel, which is cut into
blanks of desired geometric shape, deburred and rimmed to smooth the edge. Plating the
steel blank with nickel and/or copper may include: heating steel blanks at a
recrystallization temperature between 725 °C and 950 °C to produce softened steel
blanks, where the recrystallization temperature is selected based on the type of steel
being used; plating the softened blanks with one or more metal and/or one or more metal
alloy, for example copper, nickel, zinc, brass or bronze. If the plating is done with an acid
solution, such as with nickel sulphate or nickel sulfamate, the plating process is an acid
plating process.

[0072] The recrystallization temperature may be determined based on the carbon
content of the steel. Carbon content of steel may vary between 0.04 wt% and 0.08 wt%,
with the greater carbon content resulting in a harder steel and a higher temperature

needed to sufficiently soften the steel for minting. For example, steel having a carbon
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content of 0.08 wt% may be heated to a temperature of 900 °C or higher in order to
soften the steel sufficiently for minting.

[0073] Plating the blank with a single layer of metal or alloy is known as a mono-
ply plating process. Plating the blank with a two layers of metal or alloy, such as copper
followed by nickel, is known as a bi-ply plating process. Plating the blank with a more
than two layers of metal or alloy, such as nickel, copper, nickel or nickel, copper, brass, is
known as a multi-ply plating process.

Example 1

[0074] Three different sets of blanks were made and the hardness of each blank
was measured on the Vickers scale with a force of 10g and a dwell time of 15 seconds.
[0075] Sample Set A is a set of 15 micron, mono-ply Nickel plated steel blanks,
which were heated at a temperature of 850 °C after plating.

[0076] Sample Set B is a set of 25 micron, mono-ply Nickel plated steel blanks,
which were heated at a temperature of 850 °C after plating.

[0077] Sample Set C is a set of 25 micron, mono-ply Nickel plated steel blanks,
where the steel blanks were heated at a recrystallization temperature of 780 °C before
being Nickel plated and then heated at a temperature of 450 °C to remove plating
stresses.

[0078] Sample Set D is a set of 15 micron, mono-ply Nickel plated steel blanks,
where the steel blanks were heated at a recrystallization temperature of 780 °C before
being Nickel plated and then heated at a temperature of 450 °C to remove plating
stresses.

[0079] The measured superficial hardness values of the samples are shown
below in Table 1.

Sample # | Sample Set A Sample Set B Sample Set C Sample Set D
1 178 240 251 229
2 205 204 223 230
3 214 196 280 231
4 185 206 262 232
5 191 216 212 239
6 220 186 221 243
7 132 184 257 237
8 213 203 220 248
9 202 206 224 235
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As illustrated in Table 1, the 66% increase in the thickness of plated nickel

in Sample Set A vs. Sample Set B (i.e. an increase from 15 microns to 25 microns)

resulted in an increase of about 5% in micro hardness (208 vs. 197). In contrast, blanks

plated according to one aspect of the present application (Sample Set C) resulted in an

increase in micro hardness of about 19% (243 vs. 208) for blanks plated with 25 microns

of nickel. Further, blanks plated with 15 microns of nickel according to an aspect of the

present application (Sample Set D) resulted in plated blanks having a similar micro-

hardness to the blanks plated with 25 microns of nickel. Increasing the thickness of the

plating does not necessarily increase the micro-hardness of the plating.

Example 2
[0081]

Wear can be numerically quantified by the amount of material loss over

time. Resistance to wear can be qualitatively assessed by determining the quality of the

coin surface over time. Less denting, as seen on the coin surface after the coin is

subjected to physical abuse, is preferred.

[0082]

The four sets of blanks (Sample Sets A, B, C, D) above were struck into

coins and then these coins were put into the wear test.

[0083]

Sample Coin Set A is a set of 15 micron, mono-ply Nickel plated steel

coins, where the steel blanks were heated at a temperature of 850 °C after plating.

[0084]

Sample Coin Set B is a set of 25 micron, mono-ply Nickel plated steel

coins, where the steel blanks were heated at a temperature of 850 °C after plating.
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[0086] Sanple Coin Set Dis a set of 15 mcron, nono-ply Nickel plated steel
coins, where the steel blanks were heated at a recrystallization

t enper at Wwe 2012/17820C bef ore bei ng Ni ckel plated and therChaater/&039a
tenperature of 450 Cto renove plating stresses. [0087] To assess wear and
wear resistance, 30 coins (10 each from Sanple Coin Sets A, B and C) were

| oaded in a 6" dianeter tunbler which was rotated at 8 RPM for up to 40
hours. One coin of each sanple coin set was renoved every four hours and

repl aced W& an unPABRI? @8'”&?? fr ot setRb23 AicEen: (A9Bo-PY Nigkeirlaiehstaeh ot al of 30
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hed b f ' d 088] Th
e T N R P B e MY
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bnogr ?rzns) &%‘@8' e CogimapeEoffy det BSSa b& o8 @RRtor? mBn@ By NidkaI Hat@PstBe0- 01 0. 00
coins, where the steel blanks were heated at a recrystallization temperature of 780 °C

before being Nickel plated and then heated at a temperature of 450 °C to remove plating
stresses.

[0087] To assess wear and wear resistance, 30 coins (10 each from Sample Coin
Sets A, B and C) were loaded in a 6” diameter tumbler which was rotated at 8 RPM for up
to 40 hours. One coin of each sample coin set was removed every four hours and
replaced with an unlabeled coin of the same type to maintain a total of 30 coins, for a total
of 40 hours of wear testing. The plated coins were weighed before and after wear testing

to determine mass loss.

[0088] The mass loss for individual plated coins is shown below in Table 2.
Time Sample Coin Sample Coin Sample Coin
Removed Set A Set B Set C
(hours) (loss in grams) | (loss in grams) | (loss in grams)
4 0.00 0.00 0.00
8 0.01 0.00 0.00
12 0.01 0.01 0.01
16 0.00 0.01 0.00
20 0.00 0.00 0.00
24 0.00 0.00 0.01
28 0.00 0.01 0.00
32 0.00 0.00 0.01
36 0.01 0.01 0.01
40 0.00 0.00 0.00
Table 2
[0089] Photographs taken at 50x and at 100x magnification after 0, 4, 12, and 36

hours of wear test are illustrated in Figures 1A to 7C. Although the weight loss of the 3
Sample Coin Sets A, B and C is negligible under these wear test condition, as illustrated
in these Figures, coins of Sample Coin Set C, plated according to one aspect of the
present application, show less denting and surface damage than the coins of Sample
Coin Sets A or B.
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Example 3
[0090] Another set of wear tests was conducted using 40 plated coins from each

of Sample Sets A, B, C and D. The plated blanks were loaded in a dry Gesswein™
tumbler which was rotated at 30 RPM for up to 96 hours. The inner wall of the tumbler
was lined with cotton fabric to improve the tumbling action of the coins. Ten coins were
removed every 24 hours and replaced with new unlabeled coins of the same type to
maintain a total of 40 coins. The removed coins were weighed before and after wear
testing to determine mass loss. The percent mass loss for the sample sets is shown
below in Table 3.

Time Sample Coin Sample Coin Sample Coin Sample Coin
Removed Set A Set B SetC Set D
(hours) (% mass loss) (% mass loss) (% massloss) (% mass loss)
24 0% 0% 0% 0%
48 0% 0% 0% 0%
72 0% 0% 0% 0%
96 0.50% 0.24% 0.07% 0.07%
Table 3
[0091] As illustrated in Table 3, after 96 hours of wear testing under the above

conditions, the blanks of Sample Coin Sets C and D show less material loss than the
coins of Sample Coin Sets A or B, indicating that the coins of Sample Coin Sets C and D
are more wear resistant than the blanks of the other sample sets.

[0092] Photographs taken at 50x and at 100x magnification after 96 hours of wear
test of Sample Coin Sets A, B and C are illustrated in Figures 8A to 9C. As illustrated in
these Figures, coins of Sample Coin Set C, plated according to one aspect of the present
application, show less denting and surface damage than the coins of Sample Coin Sets A

or B.

Example 4

[0093] Another set of wear tests were conducted on different types of plated
blanks prepared according to the present description, as well as a control set of blanks,
where all the blanks were struck into coins before wear testing. Although the coins made
for this wear test were made using a batch process, the coins could alternatively be made
using a continuous process, for example using a belt heater having a plurality of zones of

varying temperatures.
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0.00 Table 2 [0089] Phot ographs taken at 50x and at 100x magnification

after 0, 4, 12, and 36 hours of wear test are illustrated in Figures 1A to
7C. Al t howghotawei1wei ght | oss of the 3 Sanple Coin Sets RCTERA2NR/0G0393
negligi bl e under these wear test condition, as illustrated in these

Figures, coins of Sanple Coin Set C, plated according to one aspect of the
present application, show | ess denting and surface damage than the coins of
Sanmpl e Coin Sets A or B. Exanple 3 [0090] Anot her set of wear tests was

conduct ed [Rf¥hg 40 BleaROQHO'éamH'§ (PABRte EQEIPESE) Wwamhp P 05&R oing mage fioind D. The

gga}qgﬁlﬂ ]E)I &fééﬁblmg/gidha\!i@éi cIe_?_rr]]ai ﬁl’ayad@ﬁtﬁ&wm@]?hé ?}ﬂﬂﬂ&blﬁ%urm/@heﬁhamleﬁgt at eﬂ at
or to 0 e |Lnner wa the.tu o W t
Sotton t oy MBatng i pABH bR HEn bR ndbe teafind (R yrRRG s MRS SBET W10
renmoved eWeyfyon2bolmatemgeratuge 106190 4C edenting toursevef abduh B8 Imitlitespoambatgb0 tGe sane
type to mgi kgl rﬁ‘auF %é}éd &f b%Qt £581-8% thd 3G ?r{ Lﬁ{EQP’tﬂQ ré‘o%ﬂ eMﬁrroﬁm\é\ﬂ'ogQPd bef ore

and after wear test eterm ne mass | oss. pe mass | oss for
t he sanpl @%@P?el%%”ﬁw eRAIGMP FePTigpPeratyre Wtr?éthSé’H?ﬂ é”@%ﬁeﬁ stsgdkinte Coi n
Sanmpl e CoicginSanpl e Coin Renoved Set A Set B Set C Set D (hours) (% mass

loss) (% T@O'sé)%] | OSS)Orqeo/garrr‘r?p (éamp?e)cél Set %/vals%Ssse? of %cgl%)s 8(r)é)pgroé)d0%
according to the present description. The steel blanks were: cleaned; annealed to soften
the steel by heating the plated blanks in an oven under a reducing environment (8% H,
and 92% N,) from room temperature to 750 °C over the course of about 45 minutes, and
at 750 °C for about 1 hour; cooled to about 550 °C in the oven over the course of 2-3
hours; cooled to room temperature out of the oven for about 30 minutes; plated with 25
microns of nickel; annealed to remove plating stresses by heating the plated blanks in an
oven under a reducing environment (8% H, and 92% N,) from room temperature to 450
°C over the course of about 30 minutes, and at 450 °C for about 1 hour; cooled to room
temperature in the oven under the reducing environment over the course of 2 hours or
overnight; burnished; and struck into coins.
[0096] Another sample (Sample Coin Set G) was a set of 20 coins prepared
according to the present description. The steel blanks were: cleaned; annealed to soften
the steel by heating the plated blanks in an oven under a reducing environment (8% H,
and 92% N,) from room temperature to 750 °C over the course of about 45 minutes, and
at 750 °C for about 1 hour; cooled to about 550 °C in the oven over the course of 2-3
hours; cooled to room temperature out of the oven for about 30 minutes; plated with 5
microns of nickel, 13 microns of copper and 7 microns of nickel; annealed to remove
plating stresses by heating the plated blanks in an oven under a reducing environment
(8% H, and 92% N.,) from room temperature to 450 °C over the course of about 30
minutes, and at 450 °C for about 1 hour; cooled to room temperature in the oven under
the reducing environment over the course of 2 hours or overnight; burnished; and struck
into coins.
[0097] To assess wear of the three coin sets, 60 coins (20 each from Sample
Coin Sets E, F and G) were loaded in a 6” diameter tumbler which was rotated at 8 RPM
for up to 80 hours. The coins of each coin set were weighed as a group and, after
tumbling for a period of time, were cleaned of metal dust using compressed air and a
cloth. The cleaned coins were weighed as a group. In order to determine mass loss, the

mass of the coins was compared to the mass of the coins before wear testing. The coins
-14 -
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[0091] As illustrated in Table 3, after 96 hours of wear testing under the
above comiptomgiizohe bl anks of Sanple Coin Sets C and PCIhoazoi2ése39mat eri al
| oss than the coins of Sanple Coin Sets A or B, indicating that the coins
of Sanple Coin Sets C and D are nore wear resistant than the blanks of the
ot her sanple sets. [0092] Phot ographs taken at 50x and at 100x nmagnification

after 96 hours of wear test of Sanple Coin Sets A, B and C are illustrated
in Fi gur edvegavepieasan thestumpleandwgas éesting W%‘éoé‘t'@ieﬂﬁ?r&to"ab?f@ﬁé‘obﬂs B¢l e Coin
Set C, pl &iésﬁlds .28 0srdheYss i niser 3sipene skdwrlihgapeasent applicati on show | ess

denting an face g r{,é cmseés IIFI %o §et .
Exanpl e 4 T'Kﬂo% n?ag'@f'e %%tgé?‘g'e ! grrg dutd "%’g r?ndﬁtferent t ypes
of pl ated bl ahkerspr epar édeightdossiimg) t dwetght [psesea) déweightdbsaamaglas wel | as
a control set 2? bl anks, wherg all the blanks were struck gnto coins before
wear testing. t hough the colns made for this wear test were nade using a
batch process, 'Phe coins coult al ternativel4? be made usi n§’% conti nuous
process, for exanple using ardgelt heater haypng a pluraliggp of zones of
varying tgnperat ures.

[0098] As illustrated in Table 4, coins made from blanks which were plated with a

plating layer, and then heated to reduce plating stresses, have a harder outer coating

(that is, the outer plating layer) than coins made from blanks which were plated and

annealed at a temperature above the recrystallization temperature of the plating layer.

The harder outer coating results in a reduction in mass loss for Coin Sets F and G, in

comparison to control Coin Set E.

[0099] In the preceding description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the embodiments. However,
it will be apparent to one skilled in the art that these specific details are not required. The
above-described embodiments are intended to be examples only. Alterations,
modifications and variations can be effected to the particular embodiments by those of
skill in the art without departing from the scope, which is defined solely by the claims
appended hereto.
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WO 2012/ 171120PCT/ CA2012/ 050394 [ 0094] The control sanple (Sanple Coin Set
E) was a set of 20 coins made from steel blanks which were: cleaned; plated
wi th 25 mwvoreresi7of2oni ckel ; burni shed; anneal ed by heati rgTidaopliEo3d bl anks
in an oven under a reducing environment (8% H2 and 92% N2) from room
tenperature to 750 C over the course of about 45 m nutes, and at 750 C for
about 1 hour; cooled to about 550 C in the oven under the reducing

envi ronnment over the course of 2-3 hours; cooled to roomtenperature out of
the oven: VWAAT ISELAMEDISK into coins. [0095] One sanple (Sanple Coin Set F)
was a set of 20 coins pr epar ed according to the present description. The

st eel bl anks cl.ea eaI e steel by heating the
ol ated bl dnks. oreitregSaR TR 57 Bl lefd e oheRy S oo Lo and 959 N2)
from r oom t enpbeaing the regal’tbellay b(banes atdtebc\(nﬂteerystfalllaatblodtenmrawraut es, and at
750 C for aReuti idsdRHline ,ggtgi(ed”(t)pfoamyrt .550 Cin the oven over the course

of 2-3 hours; coofé}% room-t rrperature out of the oven for about 30
m nutes; pl at eBaRgthe Q@teﬁ‘%%ﬁ@ vgth afe ek BPre laypresf redialiop alk¥ndife pl ati ng

stresses by hea&ét.ﬁgtﬁe t&i abm@ abbmk@rétmeemnamno kHAded platingethesde But

envi ronmerg)t %ﬁ% g]l % ftr omaéoog} enpe %@t ure to 450 C over the
course of "4B¥UPe EEVHP '8 aa%{F § LB BBEM @ hour ; cool ed to room
tenperature in the oven under the reduci ng environment over the course of 2
hours or a@vern t her sanple
(Sanpl e C%I n Slrﬁ‘pé)emgbllEEHO%WEfk % n‘gés‘;é@e.l’lﬁﬁ‘”ﬁp‘t‘ea%'%gﬁfb}cbé%‘?g?’%]ﬂ%g t he present
descri pt i GAPPETHEAsStos 8lUMBIUANGNARer e: ¢l eaned; anneal ed to soften the steel
by heating the plated blanks in an oven under a reduci ng environnment (8% H2
and 92% N2) frogmroomtenperature to 750 urse of about 45
Hnutes.  Ghd adhBETEH PG IAE A Aot e SRS SN GAT}EE C | the oven
over the ®00u/™dezodllol- B)Clumomallayosﬂcadzdm alley CutZergpedilay, white owhzeyfor t he oven
for about plated with 5 mcrons of nickel, 13 mcrons of copper
and 7 m crcgﬁrgm'cgglnbﬁ%ﬁsel anneal ed to renove plating stresses by heating the
pl ated bl anks in an oven under a reducing environment (8% H2 and 92% N2)

from r00m4terfp¢ﬁé1ﬁ1\é{h8dfa&:o’ﬂnﬁﬁb tgc%‘ﬁﬁ@ \Xfﬁ'@elﬁ%r%k%rem%la%@ dhiid es, and at
450 C for about 1 hour; cooled to roomterrﬁerature in the oven under t he

reduci ng SRY'ER gharsrpysiglizstiop fRmRemiirebetieen ARy 85 dr 2 oMt R C- bur ni shed;

and struck into coins. [0097] To assess wear of the three coin sets, 60

coi ns (20 each [ I 6"

di anet er turrbl ﬁrjé \/\E{lhcﬁg%ggd'%t a @euggﬁb?an% a%e%ogp%g’%ﬂg%?ﬁs&arghe coi ns
of each cdeatedeta wewetamtghwnmateregaetv\tqsnahdtt 62% t(eanctahﬂgt $8gCior a period
of time, were cleaned of netal dust usi ng conpressed air and a cloth. The
cl eaned coi ns were wei ghed as group. In order to determ ne mass | oss, the
mass of tRe coFF&m\ﬁfdgdéﬁﬁ?ﬂHP@BW?h@%@ﬁ‘e@a%héredd?%so'%t BikaGear
testing. Tbstedai Nfecrysthifizatior tempeeRl@®etvden abhi@ 650 Pdbed atvdt7owear testing was
continued for a total of 80 hours. The results, as average |oss in ng per
coin, are shown in Table 4. Tine Renoved Sanple Coin Set E Sanple Coin Set
F Sanpl e Coi n $e¢ m&hpthecrosdifgieiciing 2| wiesein tg)olangs gietaldnosgy/bropzg€ tlenight | oss,
ng) 00O [-0R9 rated in
Tabl e 4, é‘ﬁf‘ %gé Hr?é%d%? %?‘;ﬁ é&%ﬁ&«i{%&r%@%ﬁg UtV\7/|%tg élaﬁéfa!acﬂtﬁgdlayer and
t hen heat e to reduce pI ating stresses, have a harder outer coating (that
is, the outer plating |ayer) than coins nade from bl anks vvhich were pl ated
and anneal_ed a erature a ov the r al I| erature of
the platifig. | ayes meFRE Sraids gL e VSR i SR8 Pt AN ATAEH on | s
| oss for Geatad Betabodt 2amB.5@ouisn conpari son to control Coin Set E.

9. The method according to claim 1, wherein the plated blanks are heated to reduce
plating stresses at a temperature between about 225 °C and 500 °C.
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[0099] I n the preceding description, for purposes of explanation, numerous
details are set forth in order to provide a thorough understandi ng of the
enbodi mrerwe.20tdomer2er, it will be apparent to one skill e#CrrcAzhe/ @094t hat

t hese specific details are not required. The above-descri bed enbodi nents
are intended to be exanples only. Alterations, nodifications and vari ations
can be effected to the particular enbodi nents by those of skill in the art
wi t hout departing fromthe scope, which is defined solely by the clains
appended HEr et §he Mpiagagagreigup e (| vherain thg patehBjanksgre %aﬁ%ﬁ@e%ﬁal or

al | oy bl anplsing sthe seefbhasbut20Maraoshinges. heating the netal or alloy

bl anks at or above a recrystallization tenperature sufficient to soften the
nmetal or alloy for mnting, plating the softened blanks with one or nore

| ayer s of 1rret allhemethbd egcordimgito claim 1, whesegit thegplatéreblphkstageihdsitesitkean @bma

t enper at ug 1.GL Bt - i t

recrystal Itﬁgéﬁtgllﬁq? gﬁggﬁg?ré@%l%ﬁ Iclt% h@%éﬁl&g?h@g@sﬁrﬁgtl naé]g;%g@geé Q&Z. The

met hod acd8vBath§ondenpapiieroveihe ceirfe eirborel &0 VOUR | oy bl anks are steel,
copper, brass or alum num bronze. 3. The method according to claim1,

wherein t metal o | | oy .blanks are 60Cu/ 40 |10 70Cy/ 30Zn al | oy,
Bocur 20z 131 | oyre aof pesttay Bl Fhetear e A sensE B nEREIAT bl anke | a.
The net hodedcimgrathasghdre. cl ai m 2, wherein the bl anks are steel blanks and

are heated at a recrystallization tenperature between about 725 C and about
950 C. 5. The nethod according to claim?2, wherein the blanks are copper
bl anks and3ar e The@etgd aecordingte clpin AP |Whesin e redigine eHRQsPRETB EPMRE]S about 625

C and aboutackddbarkmonif-a MR@rdBtiRPeRE6PHyddY@n tahglg Mo dteatthiBaedd td he bl anks
are brass 1@3"2%{3@61“ are heated at a recrystallization tenperature between

about 650 BYLAN PEYNEMIC gas of e IQ8%ording to claim2, wherein
the bl anks are al um nunm bronze bl anks and are heated at a recrystallization
t enper at ur,e be / 7 cordi ng
to claim 32 whtépé\%lﬁgtht% Egy‘%lr%&%g (Egrﬂﬁq’s@geg‘%m qu}(r{: tés%j %ﬂrﬁ(sé"}%ﬁ%ﬁtgg&fug‘? about 2
to 2.5 howtating stessehie amettil@r acssoeite Agrasphese.ai m 1, wherein the plated

bl anks are heated to reduce plating stresses at a tenperature between about
225 C and 500 C. WD 2012/171120PCT/ CA2012/ 050394 10. The nethod accordi ng
to clai m 1% whér&tef $¢R PBNSEUPI"Anks are heated to reduce plating stresses
for about 20 tas@l drddv@sy.a bulklhardie’s bEddMesbnamoatratiang 58 @n¢lesR30TL, wherein

t he pl at e%c%%_aa%s are heated fromroomtenperature to the tenperature
sufficient 106 Teduce plating stresses and cool ed back down to room

t enper at ur e overleashenepatingdaysf, chiybigh one & theratdedsbomesplating 2ayemis@nwetehod

accordi ng pﬁa@nqlsa%rfrqﬁé ’o#fgfﬁgfgdgr]a}epﬁa\ﬂﬁgt Anidk FdHifesS bPatdEPs S0 hBod 28¢dUCi NG

at nosphere. _ according to claim 12, wherein the reducing

at nospher @NdEYIFfeseScale MagsuErs YikrbiRIcE of A0hangavee!ldimeifi P §8@Rd%and hydr ogen
rangi ng fromgreater than 0% to 100% hydrogen, an exotherm c gas or an
endot herm.¢ ga 14. Th t hod accor di to claim ereip the plated
bl ‘anks. ar dOhaal b P E (R AeaT g FOi0R Lherfin Pty RS oBind et ng

at nospher @latind Byer/r Hyatseglatmub#l tol5am&rogonpri si ng: a steel core

havi ng a bul k hardness of between about 27 and 53 on the R30T scal e; and
at | east one plating |ayer, of which one of the at |east one plating | ayer
is an outer plating layer, the outer plating |ayer having a m cro hardness
of about 245 to about 280 on the Vickers Scal e neasured with a force of | Qg
and a dwell tinme of 15 seconds. 16. The plated steel blank according to
claim 15, wherein the total thickness of the plating |ayer or layers is
about 12 to 25 mcrons.
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