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El ectroforming articles This invention relates to a met hod” of gTodu0|ng Lf‘
articlgs in a finish material and is particularly but not exclusively,
concerned with therproducing in high-purity, precious netal, such as gold,

r epr oduct | of articles to be nodelled in such precious material. It is
desirablesﬁgfproducing precious netal articles that the fabrication process
be econom cal in usage of precious material, and that the article has
sufficient overall hardness and strength and thus durability when finished
and yet be workable into a desired form and capabl e of reproducing fine(
detail and delicate features. In mass production terns, it is also

desirable that the article can be rqproduced Wi th consistency or uniformty
and wi t hout undue cost. To this end, i s desirabl e that no undue anount

of skilled Iabqggcéﬁﬁgggﬂ{rggﬂﬁqeghe fabrlcatlon process for nultiple
article repro dUtTTTWT‘THKﬂ%TTREWTE nts are especially relevant in the
fabrication of jewellery, ornanmental or decorative itens, dental castings

and speci alised industrial conponents. - 2 - According to the invention
there is provided a Msshiodreofion relates to a method of producing articles

in a finish mateéial and is particularly bdt not exclusively,
concerned with the producing in high-purity, precious metal,
such as gold, reproductions of articles to be modelled in such
pregious material. €Wa
Jﬁ) It is desirable in producing precious metal articles that |
the fabrication process be economical in usage of precious
material, and that the article has sufficient overall hardness
and strength and thus durability when finished and yet be
workable into a desired form and capable of reproducing fine
detail and delicate features.
In mass production terms, it is also desirable that the
article can be reproduced with consistency or uniformity and
without undue cost. To this end, it is desirable that no undue

amount of skilled labour is required in the fabrication process

P

for multiple article reproduction.
Such requirements are especially relevant in the
fabrication of jewellery, ornamental or decorative

items, dental castings and specialised industrial components.



producing articles in a finish nmetal, conprising the steps of nmking a
working replica In*a di sposabl e non-el ectroconductive nmaterial of an
agticle to be produced, netallising said working replica, electrodepositing
a finish netal |ayer upon the working replica to a required de , renoving
the working replica to |l eave a hollow el ectrof orm of finish néﬁé?ialh;and
further electroplating with finish nmaterial after the working | i caas
been renoved in order to increase the overall electroformwall thickness
and thereby- strenghthen the electrotprmed article as a whole. The finish
mat eri al trmy be gold. Such a process or electrolytic deposition of gold is

abl e t o gproduce- fmrscéog%g.lsgg?gfth%emén%1991%ﬂf§@t1§0g§4v§§ﬁ§ Qaagaboydws; hout

difficulfy to a degree | e or too cost I eve

conventional fabpiGakli Q) ateAREUES FHARN AR QS idigri JTRENEHY BOeANdE
hand-forming or cutting. The electroformng gold process is applicable to

hi gh-purity gol dugliggts QloPkify PLpliRaCAtal #1spRUhbley nbFEICEE EdcORGudtavgol d
carat specification. It is found that el ectrodeposited pure gold coatings

are nuch harder asdr$hl QE8K drbdfle Sa)be PESUIUZBE, Gk dl fieingdaty wakvemnt i onal
(jewel l ery) processes. A working replica for subsequent el ectroformng or
fabrication can beplabtaieledtindepaddicnge & Mbstsdr mewndellayar ppgl ithe wirkidg
article to be reproduced or nodel |l ed. Wrking repl cas of
replica to a required depth, removing the working replica to
leave a hollow electroform of finish material, and further
electroplating with finish material .after the working replica
k_) has been removed in order to increase the overall electroform
wall thickness and thereby strenghthen the electrotormed article
as a whole.

The finish materiai may be gold.

Such a process of clectrolytic deposition of gold is able
to reproduce more intricate decails even on Complcx'shapes,
without difficulty to a degree impossible or too costly to be
achieved by conventional fabrication techniques such as casting,
machining and hand-forming or cutting.

The electroforming gold process is applicable to .
high-purity gold electroforms-or to contral purity compusitions
to gold carat specification.

It is found that electrodeposited pure gold coatings are
much harder and stronger than, say, wrought gold foimed by
conventional (jewellery) proccsses.

A working replica for subsequent electroforming or

fabrication can be obtained by making a master model .r replica

gt the article to be repruduced o- modelled. Working replicas of
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- 3 - these nmaster nodels or replicas are then reproduced fromthe naster
in wax by casting. By choice of suitable casting naterials, working
repk&cas can be made of fragile or delicate natural objects .such as
f-l owner s’ | eaves, fruits, eggs etc., reproducing the fine natural detail so
t hat t hnal -electroformw || be very real or lifelike in appearance. The
wor Ki n plicais of a non-conductive material such as wax or, plastic.
The choice of working replica nmaterial takes account of the nature of the
article to be produced and the ease of making and renovi ng the working
replica after electroform ng. Renoval in sone cases nmay require o
destruction of the working replica, for exanple by chem cal etching Qv
deconposition. -Holes may be left in the outer electroformto facilitate
such renoval by solvent. etching er3di ssolving or even by heating and.
melting out at a lower tenperature than the gold electroformitself would
mel t. Alternathiesel nastenanodelkiarg repldicrs aarer tipd ebp odupedhdreh timy be
re-used.. The netalising of the nonconductive working replica can be
ef fected by ceastehd ek byhesdtdags Byonkalicsi of) sedrehlet fastipggnents, by
chem cal vapour depositiqgn, by sputtering nolten :
. materials, working replicas can be made of fragile or delicate

natural objects such as flowers, leaves, fruits, eggs etc.,

reproducing the fine natural detail so that the final

electroform will be very real or lifelike in appearance.

The working repiica is of a non-conductive material such i;i
as wax.of, plastic.

The choice of working replica material takes account of
the nature of the article to be produced and the ease of making
and removing the working replica after electroforming.'ﬂkemoval
in some cases may require destruction of the working replica,
for example by chemical etching or decomposition. Holes may be
left in the outer electroform to facilitate such removal by
solvent etching 6r dissolving or even by heating and melting out
at a lower temperature than the gold electroform itself would
melt. Alternatively, the working replica or model or mandrel
may be re-used.

The metalising of the nonconductive working replica can be.
effected by coating with chemicals containing conductive

pigments, by chemical vapour deposition, by sputtering molten

metal or chemical metallisation processes sdch-as.mirroring.



nmetal or cherical netallisation processes such as mrroring. - 4 -

Metal lising the working replica is inportant as otherw se gold is consuned
in evening-out the surface inperfections in order to achieve the desiped
surface finish' It is preferable to achieve such a prelimnary surfg i.
eveni ng-out or finishing by el ectrodepositing a thin even coat of al\}%

rel atively inexpensive base material such as nickel or copper prior té gold
deposition. This intermediate plating step may be particul arly advant ageous
for metallised non-conductive working replicas where the netallising
process i4self yields small inperfections, for exanple surface roughness on
plated'atgas and holes with contam nants. Prior to el ectrodeposition of
gold, any areas not to be coated with gold may be masked with a suitable
coating, such as a Iacquer and for &uch sel ective el ectrodeposition of

gold the applicatio ase met al, .pri pl i f
mat eri al coating nmr/h 1?1 q %hgeegﬁléki Peplti?daigl (ia °%8§t38§|?| ong*&gl ating

T sy s s e 1
density regi onsyQfert 1 aWRIdveNBhd QELhQQ- sUfface! AaiER] Meeid peefdrable to
achieve such a preliminary surface evening-out or finishing by
eiectrodepositing a thin even coat of a relativgly inexpensive
base material such as nickgl or copper prior to gold deposition.
This intermediate plating step may be particularly advantageous
for metallised non-conductive working replicas where the
metallising process itself yields small imperfections, for
example surface roughness on plated areas and holes with
contaminants.

Prior to electrodeposition of gold, any areas not to be
‘coated with gold may be masked with a suitable coating, such as
a lacquef, and for such selective electrodeposition of gold the
application of a base metal prior to application of masking
material coating may be advantageous. .

&,; ' ‘The gold electrodepositional plating itself is desirably
performed in an electroplating bath capable of yielding a strong
deposit of consistent thickness at both high and low current

.'density regions of the working replica. The electrolyte itself
must be stable, easy to control an& capable of plating out

substantial quantities of gold in strong coherant deposits.



nmust be stable, easy to control and capable of plating out subst anti al,
quantities of gold in strong coherant deposits. - 5 - After
el eqtrodep03| ting gold, mnor surface finishing may be carri.ed out before

non-'gol -chstl tuents are renoved. The surface finishing may include the
nmount i g i ncorporation of genstones, i.e. precious or sem -precious
st ones, “the prelimnary electrodeposited gold surface and the assenbly

returned to the gold plating bath for further el ectrodeposition in order to
finish and secure the genstone nounting. There now follows a description of
sonme particul ar enbodi nents of the invention, by way of exanple only. A
master nodel or replica is made of the article which is to be reprod GEd as
a gold electroform For exanple, an ornanment such as a minature ani ma
a horse, mght be selected as a-npdel whose intricate and delicate det all
must be reproduced or nodel |l ed. The master nodel or replica may itself be
reproduced by npuAfitiemgelmct caddponitimgdgeliy ERiorr bddfads eflnfiORidghRayraSt er
model or replica nmust .all ow subsequent production of working nodels or
replicas, whbeleanehedt hethbef omes nbe-gddd t campeticuent s heref adnidveat i on
The surface finishing may include the mounting or .
incorporation bf'geméfones; i.e. precious or seﬁi-hfecious
stones, on the preliminary electrodeposited gold surface and the
assembiy returned to the goid pléting.Bath for further
electrodéposition in order to finish and secure the gemstone i;)
mountiﬁg.'
There now follows a deséription of some partiéﬁlar
embodimeﬁts of fhé inventioh; by way of ekample dnly:
A master model or replica is made of the article which is
to be rebrodﬁééd-as a gold electroform. For example, an ornament
such as a mihature animal e.g. a horse, might be selected ag a
mbdei'whosé intricate and delicate detail must be reproduéed or
modelled.
The master model or replica may itself be reproduced by -
mqulding:ot casting and ‘the material used for the master model
or replica must allow subsequent production of Qorkidg'hodels or

replicas, which may themselves bé'destroyed in the fabrication

process or may be re-used.



process or may be re-used. - 6 - Wrking replicas of a master nodel or
replica may be produced by casting in wax, so that the encapsul ated working
replica, may be nelted out after the gold el ectrof ormhas been produced. The
working replica is netallised and then finished to a desired standged, for
exanpl e by polishing, possibly after further plating with copper o,' .
A conductive wire may be enbedded in such material to provide a retFirpath
for the plating current. The plating path for the prelimnary nmetal coating
must give a good throw ng power and even non-porous deposits, so that the
wor ki ng medel or replica or mandrel can be finished to the desired

st andar At this stage any parts of the replica not to be plated with gold
are masked with a (non-conductive) coating, for exanple a suitable |acquer.
Such non-coated areas result in apertures in the el ectroformwhich may
advant ageously al l'ow renoval of the working replica after the electroform
has been produced. AfMogkingyepkisiap fnargaster sadediory rapbicsamadi #g, t he

wor ki ng

produced by casting in wax, so that the encapSulafed working
replica'may be melted out after the gold electroform has been
produced. |

The working replica is metallised and then finished to a
desired standard, forlexample by-polishing, possibly after:

W, further plating with copper or nickel.

A conductive wire may be embedded in such material to
provide a return path for the plating current.

The plating path for the preliminary metal coating must
give a good throwing power and even non-porous deposits, so that
the working model or replica or mandrel can be finished to the
desired standard.

At this stage any parts of the replica not to be plated
with gold are masked -with a (non-conductive) coating, for
example a suitable lacquer. Such non-coated areas result in
apertures in the electroform which may advantageously allow
removal of the working.repiica'after the electroform has been
produced. |

After any preliminary metallising and masking, the working
replica is cleaned and placed in an electroplating gold bath'to

produce a gold electroform to a desired surface thickness. 1In



replicé is cleaned and placed in an electroplating gold bath to produce a
gold electroformto a desired surface thickness. In <= 7+ particular, it

is ngcssary that the gold el ectroform shel
‘strength and coherence to support itself when the working replica

i nherren

i's renpiEX)
ductile\-e d coatings of thickness up to 0.5 mmis chosen.

produced has suf.ficient

Typically a gold bath capabl e of depositing bright strong

An even gold

deposit is desirable for appearance, strength and econony of gold usage.
M nor surface finishing of the gold electroformnmay be perforned if there
is any plating roughness during electro formng. Selective drilling of the

electroformwi th small hol es, which can be plugged unobtrusively at

g-at er

date, may be perforned in order to renove the non-gold working replica or

mandrel by etching or nelting. -Azfinal check for conplete renoval

of the

working replica may be performed by application of an acid which will not
adversely af peedicuber,gatdid heeddary ThatetinC igh0d QBtt Sorekganed and fl ushed
out suitably with water, of any residual chemicals, and if necessary for

further strepgiducedthasnadt fioiédreigdrdept altiraggdnabid tcdhbkgic@ass t he

support itself when the workiné'repliéa is fémoved. Typically a

gold bath'capable of depositing bright strong ductile gcid

coatings of thickness up to 0.5 mm is chosen. An even gold

deposit is desirable for appearance, strength and economy of

gold usage.

Minor surface finishing of the gold electroform may be
performed if there is aﬁ& plating foughnesé'during electro
fofming.

Séiéctive dfilling of fhe eléctroform with small hdlés,
which can be plugged:dnobtrusively'at a lafer date, may be

performed in order to remove the non-gold wcrkihg repliéa or

méﬂdfel'by etching or melting. A final check for complete

removal'oflthe'wdrking replica’may be performed by épplitation
of aﬁ acid ﬁhich will not'édvérsely'affect the gold itself.

| The electroform is cleaned and flushed out suitably with
Qétef, of'ény residuai"chémicals, and if neCéssary for further
strength returned to the gold plating bath to increase the

electroforﬁ wall thickness.

3



électrofprn1ﬁall t hi ckness. -8- Further finishing and decoration may be
perfornmed.on the gold el ectroform for exanple other precious netal

fJ ni shing, enanelling or genstone setting. In.order to renove the

di scar\dabl e wor ki ng replica conpletely, a conbination of chen ca hi ng
and heat nelting may be enployed. Further strengthening of the e of orm
is readily achieved and because the el ectroforned gold is hard and strong
the overall article strength can be inproved by further el ectroform ng.
Cains 1. A met hod- of producing articles in a finish netal, conprising
the steps. of making a working replica in a disposable non-el ectroconductive
mat eri ahyof an article to be produced, netallising said working replica,

el ectrodepositing a finish netal |ayer upon the working replica to a
required depth, renoving the workiag ~eplica to | eave a holl ow el ectrof orm
of .

© Further finishing and decoration may be performed on the

gold electroform, for example other precious metal finishing,
enamelling or gemstone setting.

In order to remove the discardable working replica
completely, a combination of chemical etching and heat melting
may be employed.

Further strengthening of the electroform is re;dily
achieved and because the eleétroformed gold is hard and strong
the overall article strength can be improved by'further

electroforming.



finigsh material, and further electroplating with finish materia] after, the
morkfng replica has been renoved in order to increase the overal

s

el edtrof ormwal | thickness and thereby strenghthen the el ectrof or ned

article as-a'whole. 2. A method of electrofornming as claimed in claiml,
i nclu the step of electroplating the working replica with a .
I nter ate material prior to finish electrodeposition. 3. A net hod of

el ectroplating as claimed in claiml or claim including the step of
maski ng of f any areas of the working replica not to be plated with finish

mat eri al .

4.

A met hod of—electroformng as clained in any of the .

preceedi ng clai ms,” wherein precious or semr=preci ous stones are set &g&o
t he electroforn1by nmounting i.n-the working repllca prior to turther

el ectrodeposition 5. An el eetroformed ar:icle produced by the method
according to any o! the proceeding in clains. .

‘Claims

l. A method of producing articles in a finish metal,

.comprising the steps of making a working replica in a disposable

non-electroconductive material of an article to be produced,

hetallising said working replica, electrodepositing a finish

meta} layer upon the working replica to a required deéth, i;)
remOQidg the working replica to leave a hollow electroform of
finish material, and further electroplating with finish material
after the working replica has been removed in order to

increase the overall electroform wall thickness and thereby
strenghthen the electroformed article as a whole.

2. A method of electroforming as claimed in claim 1,
including the step of electroplating the working replica with a
intermediate material prior to finish electrodeposition.

3. A method of electroplating as claimed in claim 1 or ;laim, _
including the step of masking off any areas of the working '
replica not to be p1ateé¥with finish material.

4, A method of electroforming as claimed in any of the

preceeding claims, wherein precious or semi-precious stones are

set inteo the clectroform by meunting in the working replica

prior to further e¢lectrodeposition.

5. An ¢lectroformed article produced bv the method according

to any of the proceeéing claims,
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