-1- 2245283 This invention is concerned wth a nethod
of making plated coin blanks and coins and simlar articles such as nedals.
This invention is particularly concerned with nickel plated SoinabSErk&e &hd
coins but may also be 5 utilized to provide coins with a copper
exterior.3 Coins have been nmade from nickel plated on steel, but there is a
tendency for rust spots to Teiel dpventsiomois |eangexned WWitd t de meitdadngof
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s tnvention is, to provide pl.ated coin blapnks and
coins and a nethod of maki nBRERE SKRIPGNKENE JAisS sSE e\ﬁﬁ’?’c thgermetal,
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"stretching. Cracks in the plating may also develop at

the edges. Either of these occurrences will result in
‘rust. '

_ _ If there are pores in the plating and these are

20 bridged during the électroplat’ing process, the entrapped

- air may blow during the coining procedure causing

blisters. This is a severe probiem- in coinage. Some

manufacturers of coins have been known to pound the

‘metal with small steel balls to6 try to minimize the

25 problem of blisters and pinholes.

Another problem that develops during éoihing is
known as ‘'starbursts'. During nickel plating the layer
of nickel would build up peaks. During coining these
spots will be cﬁt off or flattened. This abrasive action

30 would score the surface of the dies.

The object of this invention is to provide
plated coin blanks and coins and a method of making such
coin blanks and coins in which there are sigﬁificant
improvements in overcoming such problems as compared with

35 present practice.

In the preferred practice of this invention we
employ a multi-layer plating of steel with nickel-
copper - nickel. There is less tendency for iron to be

s



In the preferred practice of this invention we enploy a nulti-layer plating
of steel w th nickel- copper - nickel. There is less tendency for iron to
be - -2- oxidized as it is protected by a | ayer . of copper which has a
positi-ve potential in the EMF Series of + 0.842as conpared with iron at -
0.44 and nickel at - 0.25. Also with a three layer. systemany mcropore in
one |ayer is 5 unlikely to penetrate all three layers to expose the

iron A If there is a surface nicropore in the steel it mnlggprobably be
covered by at | eaftxihized eBe itayis sprosestef i adiaWergeF FORRRS which
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Patent 4,418,125 dated November 29, 1983 describes steel

15  coated with successive layers . of “nickel, cadmium;
copper, nickel and chromiun. Also Canadian Patent
369,046 dated August 15, 1936 discloses a layer of
nickel, then copper, then nickel so that the copper will
give a visual indication of improper buffing.

20 There are problems accompanying the use of
successive layers of nickel, copper and nickel in coins,
which are not encountered, at least to the same extent,
in making car bumpers. One of the most severe problenms
is that of blistering. As previously noted, this results

{ 25 from bridging over gas trapped in micropores followed by
the applicatioh of pressure during coining. = This
bridging is particularly likely to occur with multilayer
plating.. Another problem is that of severe mechanical
deformation and stretching during minting.

30 It is therefore a further object of this
invention to prdvide a method for applying a multilayer
plating which minimizes problems during coining.



30 _ It is therefore a further object of

probl ens during coi ning. 3 According to-the present invention,
provided a process for making a coin, coin blank, nedal or token

this invention
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15 atmosphere.

the process addltlonally comprises the step of:

o avoi d

In a preferred ‘embodiment of the present 1nvention_

(d) electroplatxng the copper with a thin coatlng of '

nickel at an initial low current den51ty that is about 1/6
20 to '1/4 of the full current density followed by
electroplating' with addltional nlckel ‘at full current
density to avoid or minimise brldglng of sa1d mlcropores in

said ferrous metal blank._"

Following the outer nlckel coatlng, the coated blank

25 may be annealed at a temperature in the’ range 200°C to 400°C

- in the- presence of a reduclng atmosphere to promote the
removal of entrapped hydrogen followed by anneallng at a

temperature of at least 530°C.

The invention also 1nc1udes within its scope coins,
30 coin blanks, medals or tokens produced by the above

mentioned process.

In the" drawingS' ﬁhich-_illustrate a preferred

embodiment of th1s 1nvent10n.

Flgure 1 is a dlagrammatlc cross sectional view

o,

35 showing the deposit of a molecular layer of copper at low -
current density at the beginning of copper plating followed

by plating at full current density; and

Figure 2 is a comparative cross sectional view
showing what may occur when copper is platéd using a high

40 current density from the start.
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30 coin blanks, mnedals or tokens produced by the above nentioned
process. In the drawings which illustrate a preferred enbodinent of
thi$ invention: Figure 1 is a diagrammatic cross.sectional view 35 show ng
t he deposit of a nolecular |ayer of copper at ,Jow current density at the
begi nni ng of copper plating followed by pl ating Tat full current density;
and Figure 2 is a conparative cross sectional view showi ng what may occur
when @gpper is plated using a high 40 current density fromthe start.

-4- W will now discuss the preferred practice in accordance with this

I nvention ¢n nore detail. The manufacture of CO|3§1|n accordance w th thls

i nvention commences with t hi¥e|ehht nBoWr GiRCUSS. dfhe PreferEef P
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pickling.. T e annea
\ or less. They are then rimmed to obtain a smooth edge on

the perimeter to eliminate denting and scratching while
 being plated and to help in forming a good coin edge flat
"upon minting with a ronsonablo tonnngu.-

15  The blanks are then annealed at 700° - 900°C.
in an oxygen free atmosphere and cooled slowly. Under
slow cooling conditions,‘we are able to get a hardness of
anproximately 40 R30T. (This and similar references below
indicates the Rockwell Superficial Scale using a 30 kg

20 1/16" ball). Without annealing it is found that the steel
surface is oxidized easily upon pickling. The annealing
under a hydrogen atmésphere helps remove the steel

surface oxides. .
ikj * The blanks are then loaded into a rotary
25 plating barrel. The number of blanks used in this
development may vary from 90 to 200, depending on their
sizes. =~ Aall figures given in the process description
refer to an average load size of 100 blanks.
Normal cleaning practlces prior to

< 30 electroplating are used to prepare the blanks for
‘plating. This may include any or all of the following
i steps: washing the blanks with special alkaline

detergents, rinsing, solvent degreasing, electrolytic
cleaning, and rinsing in deionized water.



under a hydrogen atnosphere hel ps renove the steel surface oxides. The
bl anks are then loaded into a rotary 25 plating barrel. The
nunber of blanks used in this devel opnment may vary from 90 to 200, o
dependi ng on their sizes. All figuressgiven in the process description
refer to an average | oad size of 100 bl anks. Nor mal cl eani ng practices
prior to 30 electroplating are used to prepare the bl anks for..

pl ati ng. This may include any or all of the follow ng st eps: vvashygg
the blanks wth sp&heltraditalonedd dmtﬂhcgiarﬁs toickeany, with artasic
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duri nd%l earft iﬁc ’59?%3??9“%nd ri H& n he “PRTs 8ni tHE 1P batPc wash
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sodi um hydroxide to prpyjde ﬁlié‘iii‘ih&” Oéoi‘uﬁk'i&fz 9m‘£y be a 10% Q
.hydrochloric acid solution for 30 seconds at 55°cC. The' :

L solution is. applied in the rotary barrel pre’viously

15 referred to, which is . rotated at a rate of 10 rpm during

' cleaning, pickling and rinsing.. The rinse is with a mild

_bas:.c wash to neutralize the acid. A suitable rinse

' ~solution contains sufficient sodium hydroxide to provide

_ a solution of a pH of 9. 0. o }

20 The second step is to apply a nickel strike to
-deposit a coating of niokel which is about. 0.8 to 1.2% of -
the final weight of the coin. 'I‘he niokel used to apply
the nickel strike should be low sulphur nickel; that is
to say, dull nickel and not what is known as bright

25 nickel. Suitable conditions for - applying the nickel
strike are described below in Example I.

Emp_l.e.l -
_ The blanks are ‘flash coated with a nickel
strike. _ A Watts nickel sulfate bath is preferred since

30 it is less corrosive to ‘steel than the Woods nickel
strike bath. A suitable composition of the nickel strike
bath and the operating parameters are given in Table 1.



20 The second step is to apply a nickel strike to deposit a
coating of nickel which is about ‘0:8 to 1.2% of the final weight of the
coih. The nickel used to apply the nickel strike should be | ow sul phur
ni ckel-; that is to say, dull nickel and not- what is known as bright 25

ni ckel . Sui tabl e conditions for applying the nickel strike are
descriged bel ow in Exanple |I. Exanple |I The blanks are flash coated with
a nickel strike. A Watts nickel sulfate bath is preferred since 30 it

is less corrosive to steel than the Wods nickel strike bath. A suitable
conposition- of the nickel strike bath and the operating paraneters are
gfven in Table 1. -6- Table 1 N ckel squgEe 300 g/l Ni ckel
chl ori de 90 g/l 5 : cid 45 g/l pH
=_1-2 Tenperature_- _Jerr] Current demsity - 8 ASF 10 The wetting aaent
used was a conmmercial product iciéi7 _§3leied b§ Y g§iT. Chem cal s.

The quantity used was 0.1% by vo {iee1 lb?iﬁ%ating §be roduces a very
' ieablg for a Ioad4gfgéabents bl ank

Eng

porous deposit.. 15*
size, the tine for the 1% nickel strike Is approximtely m nutes and the
dul | nickel deposit is about O.0gg mmtbhick (see Table 5). The barrel and
plated pieces are then rinsed i nTé@peratusel d @oag out water tank. It is
further rinsed with hot water angukireakt! Benstitys-rignag¢ Wi th cold deioni zed

10

W, " The wetting agent used ‘was a commercial
product, Y¥-17, suppliéd by M & T. Chenmicals. The
quantity used was 0.1% by volume. This plating step
produces a very porous deposit. ' '

15 . Typically, for a load of 5 cents blank size,
the time for the 1% nickel strike is approximately 30
minutes and the dull nickel deposit is about 0.005 nmm
thick (see Table 5). '

The barrel and plated pieces are then rinsed in

20 a cold drag-out water tank. It is further rinsed with
hot water and finally, it is rinsed with cold deionized
water. ' ' '

, The third step is to plate with a layer of
\J - copper. Copper is coated to provide about 4 to 7% and
25 preferably about 6% of the final weight of the coin. The
gauge of the coating on each surface will be about 20-

30 microns.
We prefér to use an acid bath for applying the
copper. Although energy efficiency is better with a

e 30 cyanide bath, higher current density can be used with an
_ acid bath which gives a saving in time which more than
¢ offsets the lower energy efficiency. Also cyanide baths

are hazardous to use and disposing of the waste may
create environmental problems, if done improperly.



water. The third step is to plate wwth a |ayer of copper. Copper is
coated to provide about 4 to 7% and 25 preferably about 6% of the final
wei ght of the coin. The gauge of the coating on each surface will be about
20- 30 microns. W prefer to use an acidybath for applying the copper.

Al t hough energy efficiency is better with a 30 cyani de bath, higher
current density can be used with an acid bath which gives a saving in tjne "
which nore than offsets the | ower energy efficiency. Al so cyanide bat hggarre
hazardous to use and ohlepohavg ofouhd@ wehat nky cisatadeantagecustalin '

problens, if, %pél * %%%er 0 7co¥£emgé‘v§t aoi'PQ cfx?@&nt be %ﬁo*xt bo ut

advant ageous 0O comence ow curren

1/6 to 1/4 01/4 ulf:l° pév(ér °farf(§l1tlheh°'r’ﬁ€r ednd t $henl | inerease  tm §uil%
%Hpor}aPt t g dﬂé%SWfgu@ﬁj%ﬁ”ihﬁﬁréﬂ?ﬂgtE miﬂmﬂﬂzéstaﬂusﬂ% gkha $ht ngor |
e platin u erefore sta a .
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finish to gi goodffoun codt i ng nmount
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in the el ectéaﬁﬁ&%%ﬁ@@gp rA@é‘?Q%ﬁ?‘ variety of comrercially available -
c

15 reagents nmay be used h are of a proprietary nature and
can only be identified by Trade designations. Exanples of substances

that xmy be used asrmettcagpéﬁenéeatsagrIsnoand brhglt eger 1ed6818ar I €l

QuBat h B76}.fﬁ/fsl ertowgl%he Y ood %g%%dg%io rlf%ht e‘é}ne ffrrllgl Bé‘éé%kng. Q
A limited amcunt of wetting agent ar_xd: carrier and o
brightener may. therefcre be -ihcl'uded in “the -electrolyte
solution. Any ‘of-'a variety of commercially available

15 reagents may be used, most ‘of which ‘are of a proprietary

N

nature and can only be identn.f:.ed by 'rrade des:.gnatlons. _
Examples of _su_bstances ~that may be ,qs__ed _ as_ wetting -
agent, carrier and brightener Iare Barrel CuBath B-76
. leveler which may’ be used as brightener and Barrel
20 CuBath B-76 Carrler, ‘both supplied by Sel-Rex oxy Metal
Industries or Decaf;_.ume D-1-R, D-2-R and D-3-R supplied
by M & T Chemicals. As previously noted, the wetting.
agent may be ¥-17 suppl:.ed by M & T Chemlcals. S

o
_ _ Further information as to plating time for a '
25 glven th:.ckness may be derived on a theoretical basis
using the following r__ela.t__:.cnship..__ L —_—
- | Electrochemical Equivalents
' Element  Valence g/f mg/c  g/A.h
30 ' change S : o
Copper 1. - 63.85 .6585 . 2.371 :
| .2 31.78 .3293 1.186 | DS
Nickel 2 . 29.36 ;3042_ S '1.695 : |

'35




20 CuBath B-76 Carrier, both supplied by Sel-Rex Oxy Metal Industries or
Deca-Lunme D-1-R, D-2-R and D-3-R supplied by M& T Chem cal s. As
previously noted, the wetting agent nay be Y-17 supplied by M& T
Chemicals. Further information as to plating tg ne for a 25 gi ven
t hi ckness may be derived on a theoretical basis using the follow ng
relationship: Electrocheni cal Equi val ent s El enent Val ence g/ f

my/ c N g/ A h 30 change Copper 1 63. 55

. 6585 2.371 2 - 31.78 . 3293 1.186 Ni ckel 2

29. 36 3042 (g/fk @Famid per Faraday; ongpfos merl Fgreadmypeny/ c:

m. || igram per coukcoulombky/ a.dya.dr:agyaer peypeampdiairiodit)e f ol | ow ng Exanpl e
II-will further illustrate the copper plating operations: 5

Exanpl e || Copper plating i rr t 1L é s Qne‘,pynm*rgbgﬁ}gr
amd rotating the plating ba?rrlg |E%g'npg%|ig@c< ngctropI ating bath. The

pl ating conpositi dAlyStiate JfikCaRREY M RRIEATIRPSAr aneters are
given in 10 § Table 2, as belng typi cal : Eggﬁbgg21§0pper sulfate 255
g/l Copper (as netal)

57 g/| Choride ion 0 %pﬁﬁn Bipting, i?en%%?ﬁ%%‘?gl Eﬁ[ :3’?? Aok is

density - 6-7 ASFdone by immersing and rotating the plating barrel in an-
acidic electroplating bath. The plating composition of
the copper bath and the operating parameters are given in

10 Table 2, as being typical:

\&J Table 2
Copper sulfate 255 g/1
_ . Copper (as metal) 56 g/l
15 Sulfuric acid 57 g/1

Choride ion 70 ppm

pPH = 1.0

Temperature = 24°C - -

Current- density = 6-7 ASF
20 Phosphorized copper anodes

. This is a co_'mmercial proprietary eiectroplating ,
system sold by Sel-Rex Oxy Metal Industries. The company
_ recommends that the CuBath B-76 replenisher blend be
\,J 25 added on an Ahr basis, at the rate of 1 cc/aAhr. It
' contains a ratio of 8:1 of carrier to leveler.
~ Other commercial acid copper plating systems
are available and could have been used.

Our copper plating process differs from normal
30 plating practices in the fact that the plating is
initiated at a low current density, e.g., at 1/5 the full
current density for about 15 minutes (1.2 to 1.4 ASF).
5 ~ ' 'After that short time, full current density is applied to
the load, for approximately 4 hours to build a coating of

35 approximately 6% by weight (See Table 5).



20 Phosphori zed copper anodes This. is a commerci al

propri et ary el ectroplating systemsold by Sel-Rex Oxy Metal Industries. The
conpany reconmends that the CuBath B-76 repl eni sher blend be 25 added ort
an Ahr basis, at the rate of 1 cc/Ahr._ glL contains a ratio of 8:1 of
carrier to leveler. O her comrercial aci d copper plating systens are

avai |l abl e and coul d have been used. Qur copper plating process differs from
nor mal 30 plating practices in the fact that the plating is (&
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~ the plating surface. -
- .our work has shown that when the initial low'
current density step is omitted, there is a great
i5° tendency for small blistering to occur. |
"~ In addition, the acid copper plating solution
contains wetting agents. and 1eve1ers whose performances
are promoted and enhanced by the very slow plating cycle. -
' If full current density is applied at the
20 - beginning, as illustrated in Figure 2, the edge of the
micropore would have higher current intenSity which
favors quick build-up at the edge., Eventually,_the pore
_is closed at the top and a site for blistering'has been
formed above the microcavity of the pore. . This
25 blistering _may be caused by hydrogen or solution
entrapment and made more Significant upon annealing In
Figure 2(a) (which shows core 10a and nickel strike lla
similar to 10 and 11 of Figure- 1) we have
_ diagrammatically illustrated how. the high current density R
30 at the start of. plating_promctes dendritic growth of the
copper 12a_atdthe edge_of the'pore? Figure 2(b) shows
“the final stage where bridging occurs due to the copper
plating 12b depOSiting faster at the edge of the pore to.
cause bridging.
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are pronoted and enhanced by the very slow plating cycle. If full current
density 1is applied at the 20 beginning, as illustrated in Figure 2, the
edge of the micropore would have higher current intensity which
favors quick build-up at the edge. Eventuald 9o the pore is closed at the
top and a site for blistering has been formed above the microcavity of
the” pore. This 25 blistering may be caused by hydrogen or

sol utixpn entrapnment and rmade nore significant upon annealin In Figure
2(a) (which shows core Tgpicalllyjclifelr st rleadlod 5 ncents ze| (Plamis, 1the

of Figure 1) A L iheVedd agr %6 +Y del ?'o%?.&ea:[@daﬁﬁ‘f‘ok*iﬁa@eq Ql”héﬁi’s

density 30 start o pr ono ndritiC growth o
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where bridgi ng occgly s due to the copper plati ng 12b deposi ti ng faster at
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hours and the copp@ragaget dempiost t tiankgboutI®. d34 furtber Tabmsed) wixh hot
fhe plated barrel ggedden dAds¢drdiag O FQ Ugorinsetl #ithaold bbibhized

further rinsed wt e s rinsed wth co
dei oni zed wat er fovah%buf‘bgoabeﬁ‘énag SSGﬁE Spunpi ng action' is created when

cold 10 water rinsing fsbinews-i in§Otactbder isn&ﬁ'eatedTthhen cold
83

di nrensi onal contraction change,at t Cro ct | e heI [ enove
pl ating sol utfon f‘f’Bi’rFFhe 8199 gﬁ’f’ssts lél ng‘ zzn V rfl n ’aﬁ? \I;r OB’EF

control of the anodimengibnaght eontrad:ﬁ;on cehange .oatl ethbermmm’dsmr:ltnge
agent |,'s | rTportantlé\§efl.skiell.-;>s-remove. the plating solution from the pore to
~ -prevent. staining and spotting out. :
Proper control of theé amount of brightener,
15 carrier or leveler, and wetting agent is important as is
known to those skilled in the art. The bath is initially
charged with 40 ml of the 8:1 replenisher blend, such as
the CuBath B-76 previously referred to, per gallon pf
plating electrolyte. Replenishment of the additives at a
20 rate of % cc per ampefe hour ‘maintains the additives
included in the replenisher blend such as 1levelers,
stress reducers, grain refiners and carrier agents in
balance, and at the proper levels in the bath. '
We can now proceed to the final nickel plating
\_/ 25 or we may interrupt the plating sequence with an
intermediate annealing step. This is done to relieve
plating stress in the relatively thick copper coating, to
remove entrapped hydrogen, and to remove surface organic
components which are additives in the copper'
30 electroplating bath and which -may cause blistering in
. subsequent nickel plating. It refines the grain
structure prior to the coining procedure. It also tends
to close micropores.
If the copper coated blank is to be annealed,
35 annealing should be in a reducing atmosphere such as



known to those skilled in the art. The bath is initially charged with 40 ni.
of the 8:1 replenisher blend, such as the CuBath B-76 previously referred

to, per gallon of plating electrolyte. Replenishnent of the additives at a*
20 rate of [err] cc per anpere hourq,gaintains the additives included in
the replenisher blend such as |evelers, stress reducers; grain refiners and
carrier agents in balance, and at the proper levels in the bath. We can now
proceed to the final nickel plating 25 or we my interrupt the \ﬁ;"
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copper depogltatlmgal so Secapridly, ' the -copper: deposit is also highly
_ stressed and the thermal treatment w:Lll help relax and
15 - remove the stress to prevent. .crack:mg ‘due to the severe
L deformation_ upon mintiné.f . It is well fkhown_'thaf
annealing also modifies the grain structure of oopper and
-makes it more du"otile in cold ""work. Finaily,' it removes -
_ the organics on- the surface of the copper and improves
20 the bonding - ‘between copper and nickel, ‘and helps to -
' eliminate bllstering.- The orgaruc material in the copper
plating solut;on was needed to ensure good ‘coverage and -
reduced pitting during copper plating. However, at the
end of the copper plating those- organics “have outlived
25 their usefulness and ought : to be removed before nickel i
plating. The coining material thus ocbtained has proven '
to be le.ster free. - : o .
As an- alt_e‘rhative, “annealing at a temperature
between 200°C and- 400°C in the presence of a reducing
30 = atmosphere followed by annealing at a temperature of at
least 530°C may follow the apphcation of the finishing
coat of nickel. - : o :
' 'I‘he next step 1s to: prov:.de a finishing coat
of nickel. This coating should be 1 to 1%% by weight of
35 the coin or about 4 to 8 microns increase in gauge



stressed and the thermal treatnent will help relax and 15 renove the
stress to prevent cracking due to the severe deformation wupon mnting.

It is well known that annealing also nodifies the grain structure of
copper and makes it nore ductile in cold work Einally, it renoves the
organi cs on the surface of the copper and inproves 20 t he bondi ng

bet ween copper and nickel, and helps to elimnate blistering. The organic

naterH%L in the copper platlng sol ution was needed to ensure good coverage
and reduced pitti RgiHirdEE CORREr eRERL | aﬁrfaHewever Irat ﬁxh@ e@ﬁe@tréﬂsmting
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also contributes to minimizing or av01d1ng bridging for
- the Treasons previously explained. The nickel coated
15+ .blank has a hardness of about 45 to 50 R30T.
~ The conditions under which the nickel plating
-layer is applied are exemplified by Example III.
: Example TIT .
If we chose._ to proceed immediately with the
20 -outside nickel plating layer, we would first immerse and
"rotate the. plating barrel in a 10% solution of sulfuric
acid at room temperature for 30 seconds, then place the
. plating barrel into the final sulfamate nickel bath.
The composition of the nickel bath and the

iv; 25 operating parameters are given in Table 3.
TABLE 3
Nickel sulfamate - 77 g/l
_ Nickel chloride 6 g/l
30 Boric acid : 37.5 g/1
pH = 3.8

Temperature = 50°C
Current density = 3-4 ASF

35 - This is a commercial nickel
electroplating system supplied by M & T Chemicals.



t enper ature anneal i ngprevi ously described, contributes to good adhesi on of
the plated layer to its substrate and al so contributes to mnim zing or
avoi ding bridging for the reasons previously explained. The ni ckel coated
15 bl ank has a hardness of about 45 §g S0 R30T. The conditions under

whi ch the nickel plating layer is applied are exenplified by Exanple III.
Exanple I'll If we chose to proceed imediately with the 20 out si de L
ni ckel plating layer, we would first inmerse and rotate the plating bargel
in a 10% solution of sulfuric acid at roon1tenperature for 30 seconds, then

place the plating barrgh LiteoibedGeidl susf Akigonkaplieal by Wes T

conp05|t|on of . the nic

eratwﬁiiggek erers are gi ven s
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-~ 10 ~ final nickel process at a low current dens1ty at 1/5 the
full current density for: about 15 minutes (0. 6 to 0.8
‘ASF) before taking the - electroplating solution to full
power at. 3-4 ASF, for 2 hours to .build ‘a coating of

_ approximately 1. 5% by weight.--s.; : :

.18 S - This 2-step nickel plating process follows the
same reasoning as for ‘the copper. plating. Again, we have |
found that this stepping. current - densxty ‘is very
'important in minimizing or eliminating blisters. '

_ : The plating barrel is then rinsed in a cold

- 20 water: dragbout tank. It is - further ‘rinsed with hot
water and finally - with deionized ‘water containing
isopropyl alcohol. ' ' : : o '

Typically, for a lOad_of-s cents size blanks,
the time for a. 1%% nickel topcoat "is approximately  two QJ
25 hours and the nickel layer deposit is about 0.008 mm (see
Table 5). ) | o P |
If the blanks have not been treated by
annealing as an intermediate step between the application
of the coating of copper and n1cke1 then the blanks are
30 finally annealed in the presence ‘of a reducing
atmosphere at a. moderate temperature between 200°C to
400°C for~40-minutes immediately followed by annealing at ¢
a-minimum_temperature of 530°C for 20'minutes.' The;low'it]?tfa
temperature annealing promotes the removal of entrapped 3



Again, it is inportant that we start off the 10 final nickel process at
a low current density at 1/5 the full current density for about 15 m nutes
(0.6 to 0.8 ASF) before taking the electroplating solution to full power at
3-4 ASF, for 2 hours to build a coating of apgnoxi mately 1.5% by wetght. 15
This 2-step nickel plating process follows the sane reasoning as for the
copper plating. Again, we have found that this stepping current
density; is very inportant in mnimzing or elimnating blisters. The
plating barrel is Hywtodemseshibeathel hidher teipErainage cannéahing rénoves

further rinsed w tly hot. e ] fi.nall ' I, oni '
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noder at e tenperat yre [err] sto Jer 4 ! j kajel
fol |l omed by anneal %gggﬁc@%& ngh_%h‘?'fer#poer[aqng% %onS?('Jﬂg#g‘ré ggs%i%t ét)sé) the
The | ow t enper at ursuxfaces i Aagrdprbepishapehcthenedgesoftenmrgiide a rim and

hydrogen, while theghde{ifds t £"PEFRALE éﬂ@ggl ing renoves the final plating
stress, changes the grain structure o e plated cgg eréfand grormte sone
POt h

t
bondi ng bet ¥&kn the copper ahd Y®EY ni t%E¥e PFPPRrt pl GP&BSH| BARE atB
5 cl eaned and nidéer¥tiaricéOwieH, thigal inventitly any efesl frosoderegtsi and
under_ I:rrpact forCG"rte%fu':\:it.xlx1 efgégerev%fn "1u7n0de010 Onormal_ conditions of use such as
exposure to salt water or acidic perspiration during
handling. . .
15 The procedures previously described were used

in the following Examples IV and V.
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to 200,000 p.s.i. to inpart a suitable design to the surfaces and to shape
the edges to provide a rimand sonetines a serrated edge. 10 A
-very large proportion of coins made in accordance with this invention
are free fromdefects and remain free e under normal conditions of use
such as exposure to salt water or aci d‘ﬁperspl ration during handling. 15
The procedures previously described were used in the foll ow ng Exanpl es. IV

and V. - 15 - EXAMPLE |V TabI e 4 EXAMPLE 1V(a) 5 CENTS SIZE 5

Bl ank Di anet er Gauge Current-. - Time. MM - - WM Densi ty

M n ASF Steel = - 20.920 _ 1.376 1% Ni ckel Strike 20. 938 :
1.392 - 8 28 10 - 6% CopBYAMBLE IV '~ 21 008 1.431 s
1 2 - 15 6-7 240 1[err] % Nickel Table 4 21.030 - 1. 445 ’ '

15 Bé:: !Pﬁg9¥ %Z i M—QHM 10 CENTS. SI ZE Bl ank Di anet er 5
Gauge _ Den5| ty Mn. ASF 20 St eel. v

17. 530.

20 696é%pper' 17,608 gy -.a“ge 1.2 Denﬁgng 7 §}§ 10 25
1[err] N ckel . ..17.620. - 1. 020 . _ _
Steel © 20.920  1.376 |
1% Nickel Strike  20.938  1.392 8 28
10 6% Copper ~ 21.008 1.431 1.2 15
i o TEEEEE L - 6=7 240
14% Nickel = = . 21.030 . 1.445 . 0.6 15
: o o | | 3-4 . 129
15 ' PLE IV(b) 1 NTS ' N\
Blank Diameter Gauge Current  Time o
.MM MM Density Min.
Steel .. ©17.530 0.960 |
1% Nickel Strike 17.548 ‘0.976 8 20
6% Copper.-. 17.608 . 1.015 ‘1.2 15 -.
_ | 6-7 210
25 1% Nickel 17.620 1.020 0.6 15
- - 3-4 102
XAMPLE IV(c CENTS SIZ -
' [
30 Blank Diameter Gauge Current Time
MM _ MM Density  Min. '
ASF - ' - '
Steel 23.499 1.224 |
1% Nickel Strike  23.508 2.240 8 28
3s 6% Copper 23.573 1.279 1.2 15 )
' 6-7 225

. &)

1%% Nickel 23.589 2.288 0.6 15
3-4 122



3-4 102 EXAVPLE |V(c) 25 CENTS SI ZE. 30 . Bl ank

D aneter Gauge Current Time MM VM Density Mn. ASF
St eel 23. 499 1.224 1% Ni ckel Strike 23.508
2.240. 8 - 28 35 6% Copper - 16 - 23.573 1.279
1.2 15 6-7 225 1[err] % Ni ckel 53. 589 2.288
0.6 15 3-4 122 - 16 - EXAMPLE V TABLE 5 Typical |oad =100 bl anks
EXAMPERE ; V( a) 5 CENTS SI ZE Thi ckness Plating Thickness Pl ating
Thi ckness Pl ating (nmm - tinme EXANPRE V tine (rmm)
time for 1% . for 6% : .5% at 8 ASF '
Copper Ni ckel Nickel Strike @%@j 28 mn 0. 038 3hr
48 min* '0.0084 2hr 9m n* EXAMPLETYphral0lGBNTS1907Elamkskness Pl ati ng
Thi ckness Pl atigg v gkges Pl aki & Prg - (mm tinme (mm
t¥kme for 1% 0 for 1.5% (nmm at 8 ASF
Copper Ni-ckel—Nickel—Stiike—=0-0036- 20— ' 0. 030
3hr* 0. Ofifi%xmedd 42Mig]a Lihidkhess? SPIFNNRS IhiBidisck@ating Pl ating
Thi ckness. Pl@im) ng Thi ckrgae Pl at i qgm)l mm) time t i(mam) timénm) tinme
(m)  tine for 1% for 6% for 1.5%
at 8 ASF Copper Nickel
Nickel Strike
0.005 28 min  0.038  3hr 48 min* 0.0084  2hr omin*
'\W‘ . |
EXAMPIE V(b) 10 CENTS SIZE
Thickness . Plating Thickness Plating Thickness Plating
_ time (zom) time (mm) time
: for 1% for 6% - for 1.5%
(Tm) at 8 ASF Copper Nickel
Nickel Strike : - '
%*
0.0036 . 20 min 0.030 shr* 0.0069  1hr42min
EXAMPIE V(c) 25 CENTS SIZE
Thickness Plating Thickness Plating Thickness Plating
() . time () time e ) time
. for 1% ' for 6% for 1.5%
at '8 ASF Copper Nickel
Nickel Strike
%* %
0.0048 28min 0.037 3hr 42min  0.0082 2hr.58min

All time values have been arithmetically calculated. Thickness is
given as an overall average value.

* NOTE: Plating time for the 2 levels of current density has
been lumped together.



for 1% for 6% for 1.5% at 8 ASF '
Copper Ni ckel Nickel Strike * * 0.0048

28m n 0. 037 3hr 42min 0.0082 2hr.58min Al tine values have beeh
arithnetically cal cul ated. Thickness isqgi wen as an overall average val ue.
* NOTE: Plating time for the 2 levels of current density has been | unped

t oget her. - 17 - Conparative tests have been conducted on struck tokens
prepared: using the process of this invention identified as "N -Cu- W
coated" and a commecompatraytiveitests navkebeenaceddectedkohokbnuukr ket ed

L cor dance SR, Aditvad St 306  JRcRty o) shis (Rffention

1,198, 073 datdenttitiederas7, "NésGu-Ndencoated s anﬂ ck%l commencially
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sol uti on, excess _npi sture, was renoved fr g}s %n surface ang the

t okens. wer e ‘i%ﬁ“’?z Mipes i nbinited i apdy bg % R%| MY’ hifi dity,
at roorstenmacaomamoé nwitlke cahadjanyBPatentsel, 108, 2$Ogdaﬁed Julyg poor, as
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NUMVBER RATI NG "nickekEGResteR" CORROSI ON 200 None 2
Mnimal (slight hpze) BumyprTy Mdrﬁgfne cl oudi ness yeI | owi ng '

re-corrosion sta
p ék ck tokens were dipped in art1f1c1a1 sweat
10 solutlon, all excess moisture was removed from the token

®

surface and the tokens were left 72 hours in the humidity - u
chamber at 95% relatlve humidity, at ‘room temperature.

In the rating system used; 1 is. good 5 is poor, as
:.-n_dlcated in detail in.'ra_ble 6 wh:.ch _follows.

15 -
BER A
CORROSTON _ _ ,
_ NUMBER RATING DEGREE OF CORROSION
20 1 None |
2 “Minimal (slight haze) -
3 ' ' Milad (some cloudlness,
yellowing; pre-corrosion stage)
. 4 Moderate (large degree of
25 clouding and/or brownish
_ ' spots) o
5 Severe (distinct brown, red - o'
or blacklspots) .
30 ' |

The results obtained are given in Table 7.



4 Moderate (|l arge degree of 25

cl oudi ng and/ or browni sh spots) 5 Severe (distinct brown, red or
bl ack spots) 30 The results obtained are given in Table 7. Table 7
Denomi-nat i on Ni -Cu-N coated N ckel coaigd 5 cent size 90 rated
at 1 75 rated at 1 5 5 rated at 2
20 rated at 2 5 rated at 3 Srated at 3 10 cent size 95 rated at
1 w+80 rated at 1 2.5 rated at 2 10 rated at 2 2.5 rated at 3
5 rated at 3 10 5 rated at
4 25 cent size 95 rated at 1 O0Tarlxl Xt 1 5 rated at 2 10
rated at 2 2. CORRCSION PIT TEST Struck tokens were i mersed in 2% NaCl
for 4 hours, 15 Demominatdarokens BEi~Rp-iNk eeatadr Mickel ocarted | n
sol uti on. W shoul d uaLe_Lhat no-Lust app@su4;4uL44&;4&-—Gu—Nh—sys%eﬁ+—¢he
résults are given in Table 8. Table 8 20 ngm nat i
coat ed Ni ckel coafPefeRt&k28j ze 9@)?"%“@%& ;1 %Q’EPN?% ?it 1
18 rated at 2 « 10 rated at 4 25 ra %Téz Cg%‘
10 cent size 84 rated at 1. . 85 ra ptad ftl43 rated a?
rated at 4 2 rated at 3 PR gant8jge & TAlGh de h agsrzﬂ@éc?da@t :
' ' B + 2.5 rated at 2 0 rated at 2
2.5 rated at 3 : 5 rated at 3
i0 : 5 rated at 4
25 cent size 95 rated at 1 © 90 rated at 1
: : 5 rated at 2 - 10 rated at 2 -~

2.. CORROSION PIT TEST

. Struck tokens were immersed in 2% .NaCl for 4 hours,
15 with the tokens being turned over after 2 hours in
solution. We should note that po rust appears on

the Ni-Cu-Ni system.

Thé'results are given in.Table 8.

Table 8
20 * Denomination Ni-Cu-Ni coated ‘Nickel coated
' % %
5 cent size 80 fated at 1 90 rated at 1
: 18 rated at 2 10 rated at 4
K,J 25 . 2 rated at 3
10 cent size 84 rated at 1 85 rated at 1
‘14 rated at 2 15 rated at 4
2 rated'at 3
25 cent size 82 rated at 1 75 rated at 1
30 13 rated at 2 5 rated at 3
: ' 5 rated at 3

20 rated at 4

At no time, did we see any orange color or red
. 35 rust spot on the Ni-Cu-Ni token. The rating 3 indicates
) some yellowish stain at the rim. on the other hand,
reddish black or orange black spots could be seen on the

nickel coated token, particularly around the rim.



30 ' 13 rated at 2 5 rated at 3 5 rated at 3
20 rated at 4 At no tine, did we see any orange color or red 35 rust

spot on the Ni-Cu-Ni token. The rating 3 indicates sone yellow sh stain at
~the rim on the other hand, reddish.bjgck or orange black spots could e
seen on the nickel coated token, particularly around the rim - 19 - 3.,
VAR AND TEAR TEST Standard wear and tear tests were done on the tokens._
for a period of 8. hours. Vi sual observations of the coins werewgade
at the end of 5 the test period. The results are shown in Table 9.
The Ni-Cu-Bi. WEARAND ABAR TESTers nuch greater resistance to wear than
the nickel coated token. Since the Ni-Cu-Ni surface is | ess damaged, the = ¥
coi ns appear bri §tandand | weaxe andkckeadat §&s§§| n¥exg:. done onp
Tabl e 9 Denoni na QiiegﬁiggNégcgﬁe%ﬁé:d ﬂiﬂﬁé% ma%?\igi ve?’ al ear
Aver age Wear S . :
Rat i nS SR30T e test: pexpigfs FhR ’iﬁ ts &F%f own n1'ra ©.%u.85
3 20 10 cent . SI Z%n

L ot »50.98
1 56,48 rz%s é;gknéiw‘fé‘aﬁ% ﬁé :&rle e s

i nportant to .not@j . £hige ﬁQL - t g \ij e2S T §8ha d | Sthe
invention are ab dPpéEPly Qd’ﬁfei:n iénﬁﬁ% ifidkdinedy (ot ed
coi nspphat were ta% A Jts wear resistance is

Table 9
s . -
Denomination Nl-Cu-Nl coated Nickel coated
, * Average Wear 'ﬂ'fAQerage " Wear
5 . e ~ hardness Rating . hardness Ratlng
: R30T . . "R30T _
5 cent size 54.85' 1 s8.85 -3
10 cent size 46.45 i 48.09 3
25 cent size"”SO 98 1 56.48 3
* Blanks were not annealed before coinlng

25

It is - important to note that, the coins with the .
Ni-Cu-Ni system of this invention are about 10 \J
percent lower in hardness than the nickel coated ¥
- coins that were tested, yet its wear resistance is

30 far superior.  Therefore, it is expected that in
circulation the Ni-Cu-Ni coated coin will resist

far better the abuse than the commercially

- available nickel coated coin. . _

o . The theoret:.cal explanat:.on for this superior
35 characteristic is that the monolayer of nickel in .
the nickel coated coin has a single metallic grain ®
structure which is dendritic, and is more prone to

denting than the multilayer composition of Ni-Cu

LU



30 far superior. Therefore, it is expected that in circul ation

the Ni-Cu-Ni coated coin will resist far better the abuse than the
commercially avail abl e nickel coated coin. The theoretical explanation for
this superior 35 characteristic is th@8P the nonol ayer of nickel in

the nickel coated coin has a single netallic grain structure which is
dendritic, and is nore prone to denting than the nultilayer conposition of

Ni-Cusew - 20 - -Ni coated coin ereb t he aln tructuress?%% ? i
H ﬁd

the different layers ar% Ny S’QP (i
, an
e? res:.st :évett[acgstsg ou% Thiop

penetration caused by %}fg

Iavention additional t q?ég:i]a

above include: a) Bl arﬁ<s rra ov'\'/; carbon steel core and plated with

ni ckel, copper .and ni ckel successivelvy, bg/ commercially avai I abl e pl ating
n

sel utions pré&duce whit@&dvantagesiof the inventionadditienal e these
vi sual appear ance appad éi@etf&mttﬁé%&immlﬁ&té BWtBined abeve include-

corrosi on. Thi 'S system ces_a cQin Whl cel | ent )
tear resi stance wifen cé’ﬁ%ﬂ ’P ®i 9h Br Q¥ @R F%@? acx\ﬁr%laated with
ni ckel, 430 stainless sijstel Ansbpper and mckénersmmwalyy by atewimercially
ni ckel or | am nated nickel This
nmul til ayer undercoati ngavaszfaqo%ep]c%pr&g ﬁ@dﬁ%@%ﬁ%yﬁﬁd UY lgétéip}%ésaﬁllcoms'
have an und&® ayer of Ow8¢h coff&®s excetlentanvisuadr appiearanme, and excellent
| ayer of 4%to 7% copp eé’i&a?négpar% Oéaﬁrﬁéﬂir&/ﬂ&ké&rrosir@ﬁre s

terlal

t herefore a saving of the cost o temco
about 60-66% of t nat'-@ﬂ%l s¥stemoPRAUGRT KB| SR Jthich nBag.axael ent wear

. and tear resistance when compared to high grade nickel
_ (99% plus), cupro nickel, 430 stainless steel, and
- 15 - other commercially plated nickel or laminated nickel
coins. "I'_his is due to the nature of the multilayer
undercoating. '
*e) The coins produced by this method typically' have an
underlayer of 0.8% to 1.5% nickel, an intermediate
20 layer of 4% to 7% copper and a top layer of 1% to 2%
nickel. There is therefore a saving of the cost of
material. The Ni-Cu-Ni system costs about 60-66% of
the material cost of the nickel coated coins tested.
d) This system offers better corrosion and pitting
25 corrosion resistance than a single layer of metal.
\/ e) This system is flexible since one may stop at the

copper layer to produce a copper color coin or one may
proc_:eed further with the nickel topcoat to produce a
white color coin.

30 £) The all acid plating soclutions are fully compatible and
eliminate the dangerous mix of acidic nickel plating

< o ‘and cyanide base copper plating. The Ni-Cu-Ni system is
environmentally more friendly than the cyanide system
v often used. The preferred acid copper plating can be

35 easily neutralized and discarded. A cyanide based bath



This system offers better corrosion and pitting 25 _
gzjrrbsi on regi stance than a single layer of netal. e) This systemi sI |
flexible since one nay stop at the copper |ayer to produce a copper caho{ P
coin or one nay proceed further with the2mni€kel topcoat to produce a W Iblﬁ
color coin. 30 f) The all acid plating solutions are fully corrpabl_ e
and elimnate the dangerous m x of acidic nickel plating and cyani ;:Ie a%g
copper plating. The Ni.-Cu-N_. systemis environnentally nore friendly" t&_ﬁ%.
t he cyani de systeﬁ?g\“f-Eﬁsusée°°mPﬁ§1i§r1@nerI°§d ‘&hel coppeidel atongacalese

easi |y neutrali Zedaﬁgdrduscibﬁ'ﬁdbefﬁr‘"e\’%ﬁsc&aﬁ.ge ousg?o?m Bégi gr Gadkl res

It _ | ess
g?gggfa: ngolnnt o) %aéﬁﬁuFﬁéagﬂgFE faeititYeat rent facility. g) A 2:step

current densgly pAaRrsteppaumirant i deﬁﬁﬂtyeélﬁting ofef&gid}gv\%ggﬁggFRg&
e 1 ot "Tne 11 Taf, Bl "ebitr BARE] placibe, e Shiey it picker
IOI 2t %Sf or & shc?l'fa%%r Pdatdng.i medA veny 15owo deaiityyt ed. éol llwcgf?'gge'
high current, 6fuli Ubhr&‘éh'terdeﬂif.{eﬁgyérsaféﬁ& néd;ev\}:il ?::}'h b é}&‘gﬂ%nf’f
s 2i P, ﬁé’e $EIng; A 08 oFhOrFS: Peried( 8T Sdmeantstyordd heovesy
| stg]ro t. This practmhmipcsnﬁbbkoweﬂebyohemﬂgﬂ di&&‘&:ﬂg beg é‘eenft%glé cuﬁ'ent
dissimgar el erdales eancheddio il 030, éhceteh%ﬂ ' nPhig 2ustep
i nimzes bridging and li's er|n as.
pl ating provi des PeFation e uges| | dntepinyieral Homdinggs WvlTsH t‘ag%
tenperature 20 excelléﬁ@réaﬁpafé@aEMe %ﬁﬁai Spfa?@?iége of b ajtzt.z(x)glantge
-  full current from the very start. . -
_ " This practice prcmctes intermolecular bonding between
15 ' diss:Lmilar materials and thorough ‘coating . of the
| micropores. It also minimizes bridging and blistering
as a consequence. ' _
; This initial slow plating provides an intimate and
| excellent phys1ca1 bonding without “high temperature
20 - thermal treatment which 1s scmetimes used to 1nduce';-
' metallurgical diffusion cf metal for bonding purposes. -
This operation, thereby, gives rise to energy saving
and may further reduce the overall processing time and
cost for blank manufacturing by possibly eliminating
25 - the need’ for thermal treatment in some instances. U
h) The heat treatment temperature used in this procedure
' for annealing 'i's low and does _ not approach the
'temperature ~of phase changes or crystal structure -
change from body centered cubic ferrite to face
30 ' centered cubic austenite. This explains the ability of -
- " this process to eas:l.ly produce low hardness blanks at
40 R30T compared to other commercial processes which

R




metal lurgical diffusion of netal for bonding purposes. This operation,

t hereby, gives rise to energy saving and nay further reduce the overal
precessing time and cost for blank manufacturing by possibly elimnating 25
the need for thermal treatment in sone instasges h) The heat treatnent
tenperature used in this procedure for annealing is low and does not
approach the tenperature of phase changes or crystal structure
changg_, from body centered cubic ferrite to face 30 centered

cubic dustenite. ThisrgiRl aiea t heighi | itempératvre; ocddermakasdiyf fusion,

produce | ow hardness bl anks at 4 t :
processes whi ch ns?%??“%ﬂyﬁgdﬁqugﬁgEﬁ%ﬁé?é) géﬁgeﬂgeﬁﬁﬁﬁmnyakes it
consequent |y high tenp&iﬁfﬂcalgradlhaNthLﬂmhnh&ﬂﬂﬂqssnhQIQﬂH45tD $@VR30T on
bl ank hardness belom14 %@ R30T on-average. 5 i) The highly ductile
and soft copper |nterned|a [ayer facilitates materi al ro durin

coi ni ng. Fel atiikly Tbﬁehi9&¥ﬂ34%9¥%H%|?BG £05k RORRRMS %%ﬁ???%%t?nlayer

definitely higher die faéslitaNésOwdweﬁﬂﬁknfaémtuarihbmnaﬂninnuerReﬁacsvely
during mnting than N, _thank

much nore ductile thanl?ﬂﬁ sﬁ%ﬁ%e &ereﬁuirgae &?p&?g%]t %Figg\r,\,{e}ltéc;érhlﬁni%in
have stiown that the thdeﬁénltBéYnll'ciGheltodt mgllfﬁat | N1-CHald;

percent-age of nickel, Eigyeahll 'ﬁ&:tswsw&snwﬁrﬁg nEREING m:nm mes::hhhah to
is, the lower the die |

in
layer, appt®ximately tBeO@FHHﬂqrﬁﬁﬁFrqsw$i?ﬁtﬂ§equﬂwﬁa % Eliﬁaﬁhan the
nickel .layer 6 to 8 tisghAglli Gkidkelnekdgdrto pInvifdetgoddbmmeattomye tests have

?L?;iﬁ;gf” OTntPﬁrﬁteglgg BrggéﬁeEge $nidkEPPRAR 2lckel coatyRde’ kB4R is, the
- higher the percentage of nickel, the earlier scoring
- marks are seen on the dies, that is, the lower the die
15 life is. ' . '
j) The thin nickel top layer, approximately ©0.005 mm
thiék,'is relatively more ductile than a nickel layer 6
to 8 times thicker, needed to provide good coverage and
protection of the steel, when there is no coppét
20 underlayer. This fact, in turn, has proven to be
beneficial in minimizing or eliminating a phenomenon
known as 'starbursting' in coining. The thicker nickel
layer has higher 'dendritic peaks which are quite
abrasive. The abrasiveness of nickel scores the
Y, 25 coining die surface and damages it. The thinner nigkel
layer on the other hand, has shorter dendritic peaks

which are relatively less abrasive.
k) The -Ni-Cu-Ni coating system is about twice as fast as
the Ni coating system.' To obtain a coating thickness
30 of 1% nickel, 4-7% copper and 1-1.5% nickel. The
laboratory plating time is from 5% to 6 hours excluding
rinsing times while it took about 11-12 hours to obtain

6% plating of nickel.



beneficial in mnimzing or elimnating a phenonmenon known as

"starbursting' in coining. The thicker nickel layer has higher dendritic
peaks which are  quite abrasive. The .abrasiveness of nickel scoreg
the 25 coining die surface and 28amages it. The thinner nickel -
| ayer on the other hand, has shorter dendritic peaks which are relatively
| ess abrasive. k) The Ni-Cu-N coating systemis about twice as fast _as
the Ni coating system To obtain a coating thickness 30 - - of . 1%»
ni ckel, 4-7% copper and  1-1.5%nickel. The |aboratory plating tine is

Lr om 5[ er r]bl)t o Gxgg}@umt&&@ L?'fnﬂhsl lrmmlam abate%:{t rakes ahwftwﬁaiaz .
ours to obtain 6% of ni.cke e.n e 0 A
- mul ti | ayer coatl ! gﬁea\ﬁfélve? s’%t ses%f a%%:l.\(/an.}% gég nopn aﬂ?gnl o
action and enf ppotential Deetween thbenmmelamhdhm esiteel .The Fheults

of tests have shoug,jbat oEh @ eitls! 'tlaib@?rsm Eh&t the multilh?éﬁ Bygeemto. <
corr05|on than the single: nlckel

ni ckel® coppef - ni tRel €88 BEPBRET Bncg E@Fl ﬁg]?'ﬁngbﬁnﬁﬁf‘géfa nﬁﬁkﬁﬂ'oaﬂgsrand

offers better preystémon agai nst corrosion than.a nickel on steel structure

: " ca e e 'S t.ner ’
pl’ ovi de a Vﬁft elﬁm gﬁ%{'@é%eﬁ é(f) I%esésfsﬁ%ee)y%s#ﬁe segéy ;!Le ﬁ‘:’%OI’ ns
the protective efenenisalt ob@r cP%Q‘B@;‘Fe |andy quﬂﬂrsco&%é'—eﬁ'e HﬁB§P§FéGB
that the pr esenta?ﬁ:.nstl rwcefwﬁbmaa:ﬁaﬁen adeagekead oﬁo&w ebtrivtose of

examyg, and modilL F di5ildr S9Ro2e BYBeHbLUE" AIGKEORS Obniy! e

: there to provide a whlte fJ.nish wh:.le the thJ.cker, less
expens:.ve copper performs the protect:.ve funct:.on
toward steel. _ ' '

®

It w:.ll of course be understood that the present _
i5 j.nvention has been. described above purely by way of example,
and modlflcations of detail can be made within the scope of .
: the 1nvent10n. :



24 CLAIMS 1. A process for making a coin, coin blank, mredal or token
conprising: 5 a) cleaning a ferrous netal blank having m cropores

DPankcoi (0 & 5tk o niokel 2 ¢ o1 ectroacing cne-ot - ISTHMIERRURL DN

with a thin 10 initial coating of copper at a |l ow current. dénsfty-that §s*
about 1/6 to 1/i%§b$§£e full current density followed by el ectroplating

wi th gdditional at full current density to avoid or mnimse
bridging of said micropores in said ferrous netal blank.'15'2. A process

as in claimi1, ijn which Kk gﬁgf he ri kS
nickel . 3. A process ggsgﬁglgm?c?#n ﬁén% , nm\?\’/liui %Es{lké g%&dcaolpp%?
i s coated using tekefxigpnprising: A process as clalned inclaiml, 2 or

3, in which tgie | ow cigy e”tcﬁé’éﬁiﬁ% Alredvcils H&aqoﬁllﬁhk' ﬁaGQﬁéﬁdléz?oﬁ@Pé‘&

1#2 to 1.5 anps uare foot cess as cla in any one
of claims 1 to 5p i%hlkth Wijd fl?ﬁleﬁﬁﬁqte’rﬂﬁﬁ'é é i 6 7 anps per

square foot. 30 6- bA pr@msrqsmtﬁ:gredsamamamecmrtm al agtrike of
whi ch the nickel .strike is about 0.8 to 1.2%of the final weight of the

coin, and the c839%fy 7of copper is about 4 to 7% of the final weight of the
coin. 35 7. A prooekss oslettroplatingmhersteikegef | mickeéh withhattiein

uncoat ed bl n ' ' e’ r ' :

ol ately |IHGANbNAY Y gkl 41 £ 16 'SR  ef AhACLS
about 1/6 to 1/4 of the full current density followed by
electroplating with additional copper at full current

K’, density to avoid or minimise bridging of said micropores in
said ferrous metal blank.
15 '
| 2. A process as in claim 1, in which the nickel used for

the nickel strike is dull nickel.

3. A process as claimed in claim 1 or 2, in which the
20 copper is coated using an acid bath.

4. A process as claimed in claim 1, 2 or 3, in which the
low current density at which the copper is coated is about
1.2 to 1.5 amps per square foot.
25
AN 5. A process as claimed in any one of claims 1 to 4, in
which the full current density is about 6-7 amps per square
foot.

30 6. A process as claimed in any preceding claim, in which

the nickel strike is about 0.8 to 1.2% of the final weight

v - of the coin, and the coating of copper is about 4 to 7% of
the final weight of the coin.

35 7. A process as claimed in any preceding claim in which
the uncoated blank is cleaned using an acid pickle to remove
oxides, followed immediately by a buffer wash.



8. A process as clained in any préceding: rmconprising the additional

step of: d) el ectropl ating the copper with ' : i ni ckel at an
inttial |ow current density that is about 1/61 m““i “mi“ Le full 2
C L

current - density followed by electraalating addi tsomal nickel .at

full current density to avoid or mininise bridging of said nicropores in _
id f | _blank._ 10 9.. A imed in any.pr.eceding - -
Chaim i nSohi chMBFPORPRS fe-ainad a1 BR e dRaind i SoRRF %R Coly

bl ank i s theecafidiitabnalt steer affure in the range [err] - [err] in the
presence of a rgduci ) s |« len cl aim
B S whi oh 1 heSlar d%gge%%og.atih%}&?gp%gre $eper ) %ﬁ%?ﬁl?ﬁﬁgﬂf#@d &
condi ti onnigkeh akeanahpatislt dowpcrzyentidensinyptbassdsasbonti A6 in
claimg, £8 WA/ fgkl oWy 2@uihe sidFent Ckakngdtyi Nogdtowad n Bhank is
anneal ed ai a tenEerature-l?.Tg t he éa{jge %gr.rrb.r tlgﬁi e%}]p in.the presence of a.
reduci ng StRBEEARLRTERIp Bibhe RALIFLARIL TACKSH r Afped r GYEXSRE | owed

by anneal degsbtyatécapeiat or emiimisé dasiddiiiy Gf Zaitlmicrdporescdin as
claimed ip_¢clapmll I N, Whi e hardness of the surface coating of

ni ckel ins?ﬁé ﬁ’ﬁ’éﬁ?éd‘“@‘&\ﬁ@i f’rh‘S 's in the range 45 to 50 R30T. 30 13. A
process as clainmed in any oneof clains 8 to 12.in which the | ow current

densi ‘whi ¢ eLal | 'qhﬁ} | : sabout, - 00.7

anps %gr aéhuar e?fggts?g%%. é_s ?%?E%%sgﬁas clﬂaﬁ% rreg fnﬁjgﬁl;a J%tr)felj%)"f Qgﬁ'glhrrs 8 to
13, in 35fohlewinge thel lapmikicakiornaft fhat oppper teRabingrthayepinf nickel .
I's coatedplgnRbey! SufefI@P BEM a5kEHperdsi@ire inleheA irYfe&Essod3cclained in
any one of claips 8 to 14, in )

-~ . 600°C in the presence of a reduc1ng.atmosphere. \/

>

15 10. A process as claimed in claim 9, in which the hardness
of the copper coated blank in the annealed condition is in
the range 35 to 40 R30T. .

11. A process as claimed in claim 8, in which following

20 the outer nickel coating the coin blank is annealed at a
temperature in the range 200°C to 400°C in the presence of
a reducing atmosphere to promote the removal of entrapped
‘hydrogen followed by annealing at a temperature of at least
530°C.

25 |
12, A process as claimed in claim 11,- in which the o/
hardness of the-surface_coating of nickel -in the annealed
condition is in the range 45 to 50 R30T.

30  13. A process as claimed in any one of claims 8 to 12 in
which the low current density at which the outer layer of _
nickel is coated at about 0.5 to 0.7 amps per square. foot. N

14. A process as claimed in any one of claims 8 to 13, in o
35 - which the full current density at which the outer layer of o §
nickel is coated is about 3-4 amps per sguare foot. '



which the outer layer of nickel is about 1 to lit of the final weight of

the coin. 5 16. A process as clained in any one of clains 8 '
the nickeét strike does not include a brighteper, but the sur”mm M’mlmmmlll
nlckel=|ncludes a brightener. 17. A process®as clainmed in any precedi s
claim in which 10 the |ncrease of gauge of each surface due to the copper

coating is abouyg 20;*%' Ldid T e1dfed BEOGRISOAS BEOLIRINENa2RS 14, in

precedikpg claim _inc e,ste gre35|n a coate in a cdining

operation 15 wi Whé rﬁxﬁkﬁ?%%ﬁcﬁ°mbﬁ$d°€kﬁ8§b

the ferrous netghnalgwe&ghtp@gsthgsdamw med in any preceding claim
i el uding the step of cleaning the coated bl ank. 20 20. A process for

maki ng a coin, coin blank, medal or token substantially as hereinbefore
descri bed mﬁsh 16fememmbdesstzseniammamyimgadyamhegef éhaifis 8 toi 15,cdm

2052, " coi v REER 514"R1ERET, BriRE HEAR T ipR el S B sEhReMR il

as hereinbeforethessurﬁeGewchtlagepén030k$13dnmﬂ@da§cenbanghngnéramnngs

17. A process as claimed in any preceding claim, in which
10 the increase of gauge of each surface due to the copper
coating is about 20 to 30 microns.

U 18. A process as claimed in any preceding claim, including

the step of pressing a coated blank in a coining operation

15 without the development of cracks or pores which would
expose the ferrous metal.

19. A process as claimed in any preceding claim, including
the step of cleaning the coated blank.
20 - _ |
| 20. A process for makin§ a coin, coin blank, medal or token
substantially as hereinbefore described with reference to
the accompanying drawings.

. 25 21. A coin, coin blank, medal or token when made by the
s process of any one of claims 1 to 20.

22. A coin, coin blank, medal or token made by a process
substantially as hereinbefore described with reference to
30 the accompanying drawings.



