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A TESTI NG METHOD FOR PRECI QUS METALS Field of the
I nvention The present invention relates generally to a

wo eswionggssret hod for assayi ng precious netals. PCT/SG2006/000397

Background of the Invention There are various _
quantitative techniques to assay precious netals, in
particul ar gold, including spectronetric, colorinetric

and gravi ri ‘g [ %E‘%:g re commonly
used techggé&@%%tﬁ$ qﬁ%@%@”g@@% @ﬁ%?ﬁﬁ?ALS

el ectro-chem stry. Unlike the other techni ques which
are generally too conpl ex, expensive or bulky to be
used by nost jewelers, the electro-chem cal technique
Bisddde€ §he95ﬁvenﬁé°Pelat|vely i nexpensi ve sol ution
to assay gold. For exanple, in the teaching of

Medvi fisky petesant. loWeU$1pateaﬂaieEQQeﬁﬁﬁalay to a testing
el ectrochem cal process is used whereby a specinen is
methed byraadeagtinhegreleotisomytaland a small current
anodi zes the surface of the specimen. An externa

el ectronic neasuring instrunment is then applied to the
charged surface, and potential difference decay is

ggaﬁ§¥gqndt5§c%gg aRdeanabysed by the externa

There are various quantitative techniques to assay
precious metals, in particular gold, including
spectrometric, colorimetric and gravimetric techniques.
One of the more commonly used technologies to assay gold
is based on electro-chemistry. Unlike the other
techniques which are generally too complex, expensive or
bulky to be used by most jewelers, the electro-chemical
technique provides an easy and relatively inexpensive
solution to assay gold.

For example, in the teaching of Medvinsky et al. of
US patent 4,799,999, an electrochemical process is used
whereby a specimen is wetted by a described electrolyte
and a small current anodizes the surface of the specimen.
An external electronic measuring instrument is then
applied to the charged surface, and potential difference
decay is observed, tracked and analysed by the external
measuring instrument. This process, while capable of

reporting accurate results, is limited to the lower end
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measuring instrunent. This process, while capable of
reporting accurate results, is limted to the | ower

wepeah7i3ke kar at age scal e, for exanple, at a rBODEG2006/000397

between 6 and 14-karat. The techni que does not respond
significantly to gold alloy of higher karatage, for
exanpl e, between 14 and 24 karat. In another teaching

of Medvi nsky of US Patent 5,218,303, an

elffetheokeheteger ycadehodowhiechmpieol wEs adranigrgbatween 6
series of low electric current pul ses through a
spaciireravhicCh Thewektdtibycadoekeabrtorgteoha f orm an

el ectrolytic paste is disclosed. The nethod invol ves

BBgsYLiBANtNe BStRNkaReauy egndugharceaebtbibe, for
el éctrol ytic paste and conparing and |nterpolat|ng t he

conggﬁgd garduct.ange ga@qs%aggtenplrlcal t abl e of

ctance standards. Although this method is said to

be CaEabkio%EEr %%%%%n %%dM%hvgﬁﬁ %UQEQ%%rP%%eEEy of

bet weefi Karat,” this te e may not

uf.fici tIy relia Ie t r,oyi de accur.at asure
ULALeLgt | Y e iable o B e e RrE e Pacsurady S
of the various gold assay _nethaods in the market is
Arévied foSREASEr @rﬁeﬁpwﬂel@ﬁtﬁéﬂ SUERIENB USSR fribgipuah a

end of the karatage scale. Wiile a gold
specimen which is wetted by an electrolyte to form an

electrolytic paste is disclosed. The method involves
measuring the instantaneous conductance of the
electrolytic paste and comparing and interpolating the
measured conductance against an empirical table of
conductance standards. Although this method is said to
be capable of measuring gold alloy at higher purity of
between 14 and 24 karat, this technique may not be
sufficiently reliable to provide accurate measurement of
gold in the low and mid range scale.

The accuracy of the various gold assay methods in
the market is limited to measurement at either a low end
or a high end of the karatage scale. While a gold
assaying method may be used to measure gold of high
purity, the same method may lose its sensitivity when
applied to measure gold of low purity. The reverse is
also true whereby a method for measuring low purity gold

may not be suitable to measure gold of high purity.
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assayi ng net hod nmay be used to neasure gold of high
purity, the sanme nethod nay lose its sensitivity when

wapphioe3si o measure gold of [ow purity. The r eRET/S€2006/000397

al so true whereby a nethod for neasuring |low purity
gold may not be suitable to neasure gold of high
purity.lt is therefore desirable to provide an electro
chem cal nethod for fast and accurate assaying of gold
t hat preierahkyccoverdectheabieatdospectide afi ehectro-
karatage scale . Summary of the Invention In

A6EAL daNCReVhbh ebe aspechnaf atberptesestalyIMgNbiFogold
there is provided a nethod for assayi ng precious

EF&@'ﬁr@@gPéb§&neo§QfsSEEQSbQBéd(@beé@fﬁhngfaﬁhe karatage
electrolytic cell which includes an anode speci nen and

a rfference cat hode; (b) driving a ranp input into the
Sca . . . .

efec?rolytlc cell; (c) neasuring a resulting current
through the electrolytic cell over a period of the

ranp input ; and (d) determ ning an assay value for

t he speci nen_ based on neasurenent of said resulting
Sypmaxy of the Invention

In accordance with one aspect of the present
invention, there is provided a method for assaying
precious metals comprising the steps of:

(a) forming an electrolytic cell which includes an

anode specimen and a reference cathode;

(b) driving a ramp input into the electrolytic
cell;

(c) measuring a resulting current through the
electrolytic cell over a period of the ramp
input; and

(d) determining an assay value for the specimen

based on measurement of said resulting current.

The assay value may be karatage or some other value
relating to the purity or the amount of precious metal in
a specimen.

The assay value may be based on locality of an input
current response of the specimen. The assay value may be

found by comparing or interpolating the locality of the
3



The assay val ue may be karatage or sone other val ue
relating to the purity or the anount of precious netal
WO 2008/03336Ti nen. The assay val ue nmay be based oPCT/SG2006/000397
locality of an input current response of the specinen.
The assay val ue may be found by conparing or
interpolating the locality of theinput current
response against the localities of a list of current
Heppdn ses: meh th nmep qursec iages sat dlhec dmpediittiiess ofws dhist
may be stored in a |ook-up table. Alternatively, the
ass ay rralnite repp s dzasad kowwa $repd oars pealalval ue of
an input current response of the specinen. The assay

¥ahie sTay bes ,f wﬁd:fbynago MRAISRE < iinNterRR NG diNes
results of the assay, for exanple, a maxi nmum sl ope and

peak of; 1he, iR L UG JLSPONSE LR He 1HAG SEHATUM

sl opes and peaks of a list of current responses In a

lts):g%g)' u(@)r:]rt Zb%laq{ s %el %%'a#lgri ??Jtec%‘x%%t? eﬁsréy\rl\n%n%eed of the

npirical data peci mens o

kar at.age or the like. Alternatively, the assay val,ue
RS B8 B ed Tom 7 VN (EGrR MR S R el (e ing or
current, and may be based on the electrical charge

f R AR HHr RefLlids IOfdlmeng?‘stsﬁ’é’rrerfr?df ierﬁ?tﬁftple' a
Preferably, the integration is over the

maximum slope and peak of the input current response

against the maximum slopes and peaks of a list of current
responses in a look-up table, the look-up table being
determined based on empirical data for specimens of known
karatage or the like.

Alternatively, the assay value may be based on an
integration of the resulting current, and may be based on
the electrical charge that flows through the cell during
the ramp input. Preferably, the integration is over the
whole of the ramp input period, although other periods
during the ramp input may also be used. Other cell
current characteristics, e.g. current values at certain
times in the ramp input, may also be used to determine
assay values.

In an alternative embodiment of the invention, the
assay value may be found by comparing the results of the
assay, e.g. total electrical charge flow, with values in

a look-up table, the look-up table being determined based
4
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whol e of the ranp input period, although other periods
during the ranp input nay al so be used. O her cel

wa@oren3stharacteri stics, e.g. current val ues BET/SG2006/000397

certain tinmes in the ranp input, may al so be used to
determ ne assay values. In an alternative enbodi nent

of the invention, the assay val ue nay be found by
conparing the results of the assay, e.g. total

@lne empicalcach arege fl 0wl o i e odadeness dn kamdwaoKeamtage or
tabl e, the | ook-up table being determ ned basedon

empl 1icad. rasd tss for wIesd mens 1 detewmikaiatage or
the |ike. The assay val ue nay be determ ned by

LinfreurRe)1aid ity thee [10K-UR a1’ MRIIURS, WIRI® necessary.

necessary. Alternatively, the assay results could be

T AN, g e MR BB U B g e

i_.s determ ned from ennirical, findings.. Preferably, the
precito Sféa Trlrleet gﬁosrméls@ saa;ﬁj it Hod Citor O(s]teasl He cgctrelpc %Jf charge
driving . a.ra i nput through the anqde specinen to

O R & di AT (1 Y A1 PP cro gt Erom
preciqus netals assay nethod conprises the step of
&P fafs it for a duration of between about 6

to about 8 seconds.
Preferably, the precious metals assay method

comprises the step of driving a ramp input through the
anode specimen to initiate an electrolytic reaction.

Preferably, the precious metals assay method
comprises the step of driving a ramp input for a duration
of between about 6 to about 8§ seconds.

Preferably, the precious metals assay method
includes a ramp input duration which is about 7 seconds.

Preferably, the precious metals assay method
includes a ramp input which comprises a voltage in a
triangular-shaped waveform.

Preferably, the precious metals assay method
includes a ramp input having a peak which is in a range
of between about 4.5V to about 5.0V.

Preferably, the precious metals assay method

includes a ramp input having a peak of about 4.8V.
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Preferably, the precious netals assay nethod includes
a ranp input duration which is about 7 seconds.

wee@iermsbt y, the precious netals assay nethod POTEGZ®6000397

a ranp input which conprises a voltage in a

triangul ar-shaped waveform Preferably, the precious
nmetal s assay nethod includes a ranp input having a
peak which is in a range of between about 4.5V to
about 5 Qvie Rmdfoeriafsing,, tihe preg duputetys msgayp and
nmet hod i ncludes a ranp input having a peak of about

4h8Y, ImamgnelcmnodiTientpedilvel rod e pumpmayo wra i Wb ghua 1
then ranp down. The period of the ranp down may be

e@ualn o dhathOfrdnl}e R R eri od. The ranp input
may begin froma voltage corresponding to a steady

st atquféerka‘fdg q]lfil}_utv%g Lo %yowtaﬁqgoqfs%r(%{gr aspect

el ectr ytic ce I n accordance w

(gbfﬁg% JH%%H“ eg“gﬂg'égayt§¥§§a!é$_'“%Qf%ﬂ% 'é%ﬂ‘%ﬁ%
meta ssaylﬁb apparatus -conmprising: an anode an
cat hode for form an electralytic cell with a
SFéS S ﬁg%ﬂ}é’gfl%ﬁf ‘ectronic testing
circuitry associated with the

In ‘accordance with a further aspect of the present

invention, there is provided precious metal assaying
apparatus comprising:

an anode and cathode for forming an electrolytic
cell with a specimen that is to be assayed; and

electronic testing circuitry associated with the
anode and cathode for determining an electrical
characteristic of the cell;

wherein the circuitry comprises a driver for
applying a ramp voltage to the cell, and a monitoring
circuit for measuring the resulting current flowing
through the cell during the application of the ramp

voltage.

Brief Description of the Drawings

Fig. 1 shows the left side view of a preferred

embodiment of a testing device;
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anode and cathode for determ ning an electrica
characteristic of the cell; wherein the circuitry

wa@oempnrses a driver for applying a ranp vol t ageCt/8Gioe000397

cell, and a nonitoring circuit for measuring the
resulting current flowi ng through the cell during the
application of the ranp voltage . Brief Description of
the Drawings Fig. 1 shows the |eft side view of a

pref effiigd ehisddiveemt dfock tddstamagn deviec gefiprr@dshows
a bl ock diagramof a preferred enbodi nent of

el ect reaticel iGiartuidf e lusad-dnid ke dRStiHmg wded cey .
3 shows a graph of a ranp input in accordance to one
enmbodidaHi ddig dgpvention; Fig. 4a shows a

superi nposed graph conprising regions for gold alloys

of difefey enf dafal agesiadH & AR Ahphow. or, dance

depicting locality of different regions for go

al | oy_stoofondé' fé‘n%ro tmelgkov@f _kc%reati%gfeesh; .Fing. 5a shows a

%10
superinposed graph conprising curréent Tésponses for

gol d q:'lilgo.ysélaOfshVoawrsI %ussuperimposed graph comprising

regions for gold alloys of different karatages;
Figs. 4b to 4h show graphs depicting locality of
different regions for gold alloys of different known
karatages;

Fig. 5a shows a superimposed graph comprising
current responses for gold alloys of various
karatages over a ramp input;

Figs. 5b to 5g show graphs comprising individual
current response for each gold alloy of different
known karatage over a ramp input;

Fig. 6a shows a superimposed graph comprising
current responses for gold alloys of wvarious known
karatages over the period of a ramp input;

Figs. 6b to 6g show graphs comprising individual
current response for each gold alloy of different
known karatage over the period of a ramp input;

Fig. 7 shows a graph of an alternative ramp input.
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kar at ages over a ranp input; Figs. 5b to 5g show
graphs conprising individual current response for each

w@odod/oadsbdy of di fferent known karat age over aPCHERE2006/000397

input; Fig. ba shows a superinposed graph conprising
current responses for gold alloys of various known
karatages over the period of a ranp input; Figs. 6b to

ShOM/%haphS conpri sing individual current response
E%E_gg mipogimentst off ther dnvepfd@n kar at age over

t he perlod of a ranmp input; Fig. 7 shows a graph of an

al t er Ahei Fesitamy ﬁﬁgapePﬂQDeasedhahodmnEﬁgs af coh@rises
I nvention The testing device 100 as shown in Fig. 1
sonpnosges papbandde, peoke ft@3nca reteperceroathade, and an
probe 112, and an electronic circuit board 118 which

E$eeﬁ®bﬁ$edcwmbﬁhﬂ aoheusing hQcandsi Baludes9%33%in a
testing circuitry thereon. The cathode probe 112 is

nReakenhgbhy omade QEC@haE%”HgEdetg§¥19§tungSSEQ% tBereon.

ground, e.g. an anal og ground:’ Altern

€A h89€h8 ﬁr%%ée progg gggggggggg ma erefer n%lpupsﬁnd

vol t age. he“ano COUp| e ;
rm an
%ggdggecg%ngc%egc%gegr%ggd aa%'Q%alE% ggoung.

Alternatively, the cathode probe 112 may be connected to

a reference voltage.

The anode probe 103 may be coupled to a first
surface of a specimen 106, e.g. a ring, to form an anode
specimen. Coupling may, for example, be through a spring
clip 108 of a specimen holder 101 or, alternatively,
through a crocodile clip cable.

A controlled quantity of electrolytic gel 114 may be
discharged onto a second surface of the specimen 106
through a nozzle 126 by rotating a knob 122 that actuates
an actuator, such as for example a plunger of a gel
dispenser, to dispense the electrolytic gel. The
electrolytic gel is typically a mixture of acidic and
salt solution, for example, 1.25% acid with 0.05%
chloride salt. Preferably, hydrochloride acid is used
although other types of acid such as sulfuric acid may
also be used. The solution is further mixed with soft

gel.
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speci men. Coupling may, for exanple, be through a
spring clip 108 of a specinen hol der 101 or,

wa@bdoennsts vel y, through a crocodile clip cabl ePCHSG2006/000397

controlled quantity of electrolytic gel 114 may be

di scharged onto a second surface of the specinmen 106
through a nozzle 126 by rotating a knob 122 that

actuates an actuator, such as for exanple a plunger of

a gel Tiesperigerde tporadies Jei?s eshiche. celoggstarral lyityi beglas ithened
el ectrolytic gel is typically a mxture of acidic and

saljta ceoltutihen ndzl eXa@|| endl .c2b%iagirddidd thdd5%n use,
chloride salt. Preferably, hydrochloride acid is used

ahicheugh RN §rdpdes ah1aCid Gk as W WL 1C @fid JBY, i th

al so be used. The solution is further mxed with soft

gelecihe cathoda Prake 113 shedld 1gener gl

p%gicti or?ea‘ adj acer(Ft két%he na/}?] eg%ZIG,%rig‘ngilc%ﬁr#%gegr éfd:ogﬂo the
i_n , the cathode probe is able to nake

épgggﬁiégﬁﬁcontact wi th specinmen 106 via electrolytic

gel 114 dispensed fromthe nozzle 126. The di scharged

ol ect POy 5 G SEth SR T NS udth G TRE & met

physically and electrically |inks the second surface

g DCHhe O&ndde ts phoisier tly el ediErddd gerlde 1inks the

second surface of the anode specimen to the cathode probe
112. The specimen 106, anode probe 103, electrolytic gel
114 and the cathode probe 112, when electrically
interconnected, form an electrolytic cell 201 whose
electrical characteristics may be analysed to assay the
specimen 106.

The testing device 100 may take the form that for
example is described in co-pending Singapore patent
application no. 200507368-9, entitled “A Testing Device
for Precious Metals” which is filed on 11 November 2005,
the contents of which are incorporated herein by
reference in their entirety.

The circuit board 118 may be powered by either a DC
inlet 202 or a 9-V battery 204 as shown in Fig. 2. The
power source is coupled to the circuitry of the circuit
board 118 through an ON/OFF switch 245. A voltage
regulator 206 and a DC/DC converter 210 may also be

provided to supply a stable set of voltages for the
9
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112. The speci nen 106, anode probe 103, electrolytic
gel 114 and the cathode probe 112, when electrically

wo paogncsehect ed, forman el ectrolytic cell 201r@i®6E06/000397

el ectrical characteristics nmay be anal ysed to assay
the specinen 106. The testing device 100 may take the
formthat for exanple is described in co-pending

Si ngapore patent application no. 200507368-9, entitled

Aptesting Bevidee rkeenkr ediceushibkabs” thei el ricsiifi bedrd
on 11 Novenber 2005, the contents of which are

hAgoLROLA! edthareid riyhekekeneagd.their entirety.
The circuit board 118 may be powéred by either a DC

et 8026 cR: 95y Bt eLY c208.38 SR M5FhGy Zomprise

The power source i's couple the circuitry o

o SG8POGul &1 B 305 ARAA PP BE cony ey ZiafS: @
Bt HeReohamh: PO IR G PAbeAPonPOFOLRERS O iRE 10
circuit board 118 or to act as reference voltages. The
Eiredeirepy vof thise cdircaidit Yod&r §ONEE rivgyr SCopfr Md&oships or
exanpl e, a m croprocessor 250, a nmenory chip 265, a
ditheer eneildl cdmpiiifti eompedeatd sovbheigd tdmaye2BRsily
integrated within the small and compact housing 110 that
may be easily carried in one’s hand.

The driver 215 is used to provide a controlled ramp
input signal to the electrolytic cell 201. The driver
215 may comprise, for example, an IC based voltage
generator. Alternatively, discrete components may be
used to construct the driver 215. The driver 215 may be
controlled by a plurality of input lines 222, 223 and
224, which are connected to driver 215 from the
microprocessor 250.

For example, input lines 222 and 223 may carry
command signals to selectively enable or disable the
driver 215 and its output lines 220 and 227. Input line
224 may carry data information to control the generation
of the ramp input signal. Typically, the data
information from line 224 is an analog signal which is

converted from the digital serial output of the

microprocessor 250 through a D/A converter 226.

10
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Preferably, the circuitry is constructed of m crochips
or other small circuit conponents so that it may be

we@ami7loy33sht egrated within the small and conpacPCheGHI0600397

110 that nay be easily carried in one's hand. The
driver 215 is used to provide a controlled ranp input
signal to the electrolytic cell 201. The driver 215
may conprise, for exanple, an |C based voltage

gener dthar .£iAlstteroneddue| lyinediZr etfe wenphnenrtrs 2y ihe
used to construct the driver 215. The driver 215 may

kereeyded ed Dy a3 ure i t yrif ddipit rldnesm2s 223
and 224, which are connected to driver 215 fromthe

TG FORFAGRS S &%Cﬁ%wm&h Tl dd %%r?&?tb the
223 may carry conmmand signals to selectlvely enabl € of

%’ﬁ%ﬂrﬁ&ﬁcﬁﬁg‘i ﬁayt%ggarﬁl Otgaﬂjt orrra ﬁcqigﬂ%cessor
%ﬁggﬁouﬁt o M T SRRt PG (A hie %ﬁ%}f%ivelyr

analog Si which is converted fromthe digital
1&}? W%ﬁé’%%}&&%wm&ﬁdﬂ’gﬂw a DA

converter 226: The first output Iine 220 of the driver

215 gt dofectced it @0 el e ZEcorse quimyk 11ZnaddR beof

the driver 215 through a normally open switch 212.

When the relay L22 is activated by the driver 215,
through for example setting line 220 to high by
controlling the command lines 222 and 223, the normally
open switch 212 is closed. This connects the output 227
of the driver 215 to the electrolytic cell 201. The
activation of relay L22 also simultaneously disconnects
the normally closed switch 218 and thereby decouples the
electrolytic cell 201 from its connection to line 230 of
the microprocessor 250. When connected to the
electrolytic cell 201, the microprocessor 250 may
instruct the driver 215 to generate and provide a
controlled ramp input signal to the cell through the
output line 227.

When the relay L22 is deactivated by the driver 215
through for example setting line 220 to low by
controlling the command lines 222 and 223, the normally

open switch 212 is disconnected, thereby disconnecting

11



10

15

20

25

configured to selectively switch between connecti ng
the electrolytic cell 201 to a line 230 of the

wore@rop3stessor 250 through a normal ly cl osed B@i/8G6H006/000397

218. Alternatively, the relay L22 may switch the
connection of the electrolytic cell 201 to the second
output line 227 of the driver 215 through a normally
open switch 212. When the relay L22 is activated by
the duitpart 225, offhtheghlrfioe re2dmplfeosetthieng lleictiecd2@ 1. c
to high by controlling the command |ines 222 and 223,

the 1noomal | yheper asii tyeh 1342 oifs rel1esed.2 2Thi1S$ oC ¢RReC S s
the out put 227 of the driver 215 to the electrolytic

¢kl s291chThe gagli valsi e ah1n€! @y dls2d @o%gtlon, thereby
si mul taneously di sconnects thé normally closed sw tch

%%%n%%Ql ?o%%%yeQ%%%#Bh§% %h§§§hegbﬁ°'%Fh&n%eb302%% the

nnection Fine the m Croprocessor
When conne%égd to the electrolytic cell 201, the

WFEF8BF8€§§§8F ‘may instruct the driver 215 to
generate and provide a contraqlled ranp ., nput signal to
the cé Icutlmeéﬁgﬁleﬁﬁélr&@tgp&tesﬁsﬁé’rzf‘}o \?ﬁeﬁotnﬁ@":%@

L22 is deactivated by the driver 215 through for
§ﬁg¢§ﬁet@eﬁﬁﬁn@ﬂqqmgqgmthgqq&k Byl and current passing
through the resistor R10 is amplified by the differential
amplifier 240. A first end of the resistor R10 may be
inputted to an inverting terminal of the differential
amplifier 240 while a second end of the resistor R10 may
be inputted to a non-inverting terminal of the
differential amplifier 240. The output 243 of the
differential amplifier 240 may be connected to a first
A/D converter ADCLl of the microprocessor 250.

When a new measurement cycle is initiated by, for
example, pushing a reset switch 203, the microprocessor
250 may begin the cycle by disabling the relay L22 and
thereby connecting the electrolytic cell 201 to the
microprocessor 250.

The microprocessor 250 will detect an initial steady
state open circuit voltage Viyit across the electrolytic
cell 201 through line 230. The line 230 connects the

anode probe 103 of the electrolytic cell 201 to an A/D

converter ADC2 of the microprocessor 250. Depending on

12
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controlling the conmand |ines 222 and 223, the
normal |y open switch 212 is disconnected, thereby

wale®comsstt i ngt he out put 227 of the driver 215r€T/062006r@00397

electrolytic cell 201. The deactivation of relay L22

al so restores the switch 218 to its normally cl osed
position, thereby connecting the electrolytic cell 201

to line 230 of the m croprocessor 250. A current

trBgs deisigrr o $ther eRleOtirs cednmeatord tiny , s eéhice e atthddke probe
electrolytic cell 201 and current passing through the

Aégi shgr bRl Oorseangeld fticed hy fidrendicl kenenlyealor to an
anplifier 240. Afirst end of the resistor RIO may be
BApQbbed rioanan i nverting termnal of the differentia
anplifier 240 while a second end of the resistor RO

may be rl APl Ieq HoRed PIRel AYSr Lign rminal .of _t
Tt erantral ool BB M d o ben el B A dBrerence

foiterent kale agpl bigl, 340 @y e conneat od Lo .2 LSt

nverter € m Eroprocess

ne urenent cycle i,s initiated by, for exanple, .
Sﬁ?ﬁ?ﬁgiam?gsgﬁ g%%?éﬂlﬁﬁg,byhefﬁFcF%ﬁP@&@ss@ﬁgggétﬁéﬁ
begin the cycle by disabling the relay L22 and thereby
EB%n@@FFHﬁefjhéfoélté&er Sy the @@pplezmo}é@ flRé from the

m cr opr ocessor 250.
reference voltage. If the cathode probe 112 is connected

to an analog ground, the voltage of the anode probe 103
is read directly as the open circuit voltage of the
electrolytic cell 201.

Upon detecting a steady state open circuit voltage
Vinit @s shown in Fig. 3, e.g. for at least a first time
period T;, the microprocessor 250 activates the relay L22
to switch the connection of the electrolytic cell 201
from the microprocessor 250 to the output 227 of the
driver 215 so that a ramp input signal may be applied.
The ramp input signal may be inputted into the
electrolytic cell 201 via the anode probe 103.

The ramp input signal which is preferably a
triangular-shaped waveform voltage is generated by the
driver 215 from an initial value of Vini: and ramps-up to
reach a peak voltage Vpeax within a ramping period of T,
seconds. A ramp input of other shapes, such as for

example a curve may also be used. The peak voltage Vpeak

13
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The m croprocessor 250 will detect an initial steady
state open circuit voltage V inlt across the

web@arsbytic cell 201 through |ine 230. The |PeES@B06/000397

connects the anode probe 103 of the electrolytic cel
201 to an A/D converter ADC2 of the m croprocessor

250. Dependi ng onthe design of the electrica
circuitry, the cathode probe 112 nmay be connected to a

nefyervange avel tiage iafi te@l &y amal egrugrdwid v lf=the: + 2.2v.
cat hode probe 112 is connected to a reference voltage,

tthe repam16i,r eyit, vahbagepetwbbe el eot el ¥bbatCsl bv20lrn
may be determ ned by, for exanple, offsetting the

FRASUL %%oﬁﬁhkﬁ&e @%éjﬁ%éﬁuygi g%pr1931Eng£tQ§ound

reference vol t age. the catho obe 112 i's

gected to an analog ground, the voltage of the
aﬁo € probe 103 is read directly as the open circuit
volta he electro tic on d tectin
st eacyte g SRR AN st i
Fig. 3 for at Ieast a first tlne erlod Ti, the
G GRrEEsIat TG eddt A ed S FevapeL 22 g isttian or
the connection of the electrolytic cell 201 fromthe
reciuoplove ofor 1A8yad meie loutogutt 22 Brsficimesn 106.  The

reaction releases free ions into the electrolytic gel 114
which results in increased conductivity of the
electrolytic gel. These free ions are released by
impurities from gold alloy of specimen 106. Gold is
slightly oxidized due to its stability in the reactivity
series. However, the main contributor of the free ions
is from the impurities of the gold alloy. A higher
amount of gold in the alloy specimen 106 would result in
lower conductivity through the electrolytic gel.

The duration of ramp input T, may vary but is
preferred to be between about 5 to about 8 seconds and
even more preferably, at about 7 seconds. The short
exposure time of the specimen 106 to the acidic
electrolyte advantageocusly ensures that no destruction or
damage is caused to the specimen during measurement.

At the end of T, the ramp input signal is cut-off.
The microprocessor 250 may then issue a command to

deactivate the relay L22 and to restore the connection of
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driver 215 so that a ranp input signal may be applied.
The ranp input signal nmay be inputted into the

web@ersbytic cell 201 via the anode probe 103PCTR€2006/000397

ranp i nput signal which is preferably a

tri angul ar-shaped waveform voltage is generated by the
driver 215 froman initial value of Vinit and
ranps-up to reach a peak voltage Vpeak within a

AR idIG Pard16 ief 2. 1s exindSsort &Ae idifte 0218 k&Y 1ine 230
shapes, such as for exanple a curve may al so be used.

Bre diraknivaldpas-peakmay vary and is limted by the
equation Vpeak Vref + 2.2V. Preferably, Vpeak ranges

bet weep, 4.V ; 14y thi s _enhadi )
peak véVia e 6%%a |§J§%3¥%?%8%3g4.§v. T%égsgptggg%ent
causes an.el ectral.ytic reacti it hin the..

PSS T ‘P e S Ay B S ] &Y dhe
reduction of allayed netal s of the speci nen 106. The
A A A A AR O Bt o1 sihe Do
114 which results in increased conductivity of the

&lesetlitoing idugEnt THestegendentorm dihe rlaedsaf piree ions
impurities fromgold alloy of specinen 106. Gold is

sliisgtangeskitgi 26 dumtgplid s lstabindittald it Hie specimen
reactivity series. However, the main contributor of

tihtes fdwed rigornhe ramp input Tp,. The analog resulting
current from the differential amplifier 240 are inputted
into the ADC1 of the microprocessor 250 and is converted
into digital wvalues.

The digitized resulting current samples are used by
the microprocessor 250 to determine an assay value for
the specimen 106.

In one embodiment of the invention, the current
samples are processed by the microprocessor 250 to map
out a current response for the test specimen 106 over the
voltage ramp input.

The locality of the current response is compared to
a list of regions stored in a look-up table. Each region
in the look-up table is assigned a corresponding value,
which may for example, reflects the purity of a precious
metal such as gold. As shown in Fig. 4a, specimens of

different karatage values would yield different current

responses. A plurality of regions, such as for example,
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is fromthe inpurities of the gold alloy. A higher
anount of gold in the alloy specinen 10 6 would result

WO rooovesss conducti vity through the el ectrol ytiBC862006/000397

The duration of ranmp input T2 nmay vary but is

preferred to be between about 5 to about 8 seconds and
even nore preferably, at about 7 seconds. The short
exposure tinme of the specinmen 106 to the acidic

el ecoricinytee Zdv detmdeausid, ensurcdort ket 270 kdasttr ugtlidn a
or damage is caused to the specinen during

meadionee 20 Afartadte geidl efndl2td ey & rapped Sunadased
is cut-off. The m croprocessor 250 nmay then issue a

MRk dihdRadtiiont tdwreliay gz ang, tQ est qred heyen
connection ofthe electrolytic cell” 201 fromthe driver

2221k, 116 A3Rrffs 1P JTGIOR! 9LESI 230 JUring t he

ranping period T2, a resulting current passing through

the resgistor, R.Q j | ifi.ed by .the differential .,

anpl i ig?1%ﬁ£ﬂ4%é%ﬁ§g%Qﬁﬁﬁ§ﬁﬁﬁ% éx¥g§ﬁ1ﬁ%%§(ﬁﬁ9%ﬁﬂ and
i_s dependent..on the | evel of free ions di scharged by
PREREREOTE AN 57 EREERS YA Ao Egh e i 2006 Hur)

the ranp input T2. The analog resulting current from

AR 1dilrrer dOikaliParfitilie enRAGYale istpieced N e memory
ADCl of the m croprocessor 250 and is converted

chip 265 which may be downloaded into the microprocessor

250 during power-up.

The purity of the specimen 106 may be determined by,
for example, comparing the locality of the current
response formed by the current samples of the measured
specimen 106 against the localities of the list of
regions provided in the look-up table. If the current
samples of the current response are concentrated within
one of the listed regions, a match is found and the
corresponding value of the matched region is read out.
The assay value may then be transmitted to an electronic
display 270, such as for example, a LCD for read out.

Alternatively, the assay value of the specimen 106
may also be determined by interpolating the location of
the current response situated between two listed regions
in the look-up table to obtain a corresponding assay
value if a match is not found. For example, an assay

value of the specimen 106 which is located between the
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into digital values. The digitized resulting current
sanpl es are used by the m croprocessor 250 to

waledoennizse an assay val ue for the speci nen 10 BCT/SGI006/000397

one enbodi nent of the invention, the current sanples
are processed by the m croprocessor 250 to map out a
current response for the test specinen 106 over the
vol tage ranp input. The locality of the current
regpoms e fi YK amparlek tmaya e stetefrmiegidonhreted in a
| ook-up table. Each region in the |ook-up table is
assieged s ieer.r espondi ng val ue, which may for exanple,
reflects the purity of a precious netal such as gold.

A's shoen lidyiFhg 41 eSRRE MRNS b tdid fsr %11@%1961%e

val ues woul d yield different current responses.

| st regi f eql
%E%I%Pgt Bééalg{p&,eesg o‘:“iq%aﬁ%% %?ekcq_[}ne%argﬁ Gern@ vl gﬁlugrlr}tg{ over

a region of arat gold, are

%%ek %‘roitt r?t%oelt q_”a?n?)d ienta(iltn.ay T%eeFlr%e%e_%%b %lft ab E?(Sl’qeo\?v\»lzlnto Es peeacciﬁnen

experimentaat i on-as own in to 4h,

regi on corresponds to a known karatage val ue. The
MGda it FEREer LT G kB 6 SHER PEGMSR A S tPPer
correspondi ng karatage value may be arranged in an

enpl Liodalr gaksupft 4bice Cad Sty ISSPSNGEe @t Fhehgnown
menory

specimen. The region may then be adjusted further to

fine tune the accuracy of the mapping through
experimentation. The karatage value of the known
specimen is assigned to this region. This process is
repeated in the same manner for different specimens of
known compositions to form the look-up table.

In another alternative embodiment of the invention,
other input characteristics of the current response from
the test specimen 106 over the voltage ramp input are
determined by the microprocessor 250. These input
characteristics may include, for example, the slope
(preferably a maximum slope) and peak (preferably a
maximum turning point) of the current response. These
input characteristics are compared to a set of recorded
characteristics for known alloy compositions in an
empirical look-up table, as shown for example in Table 1,

which may be stored in the memory chip 265.
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chip 265 which may be downl oaded into the
m cr oprocessor 250 during power-up. The purity of the

wa@p@aionsss 106 may be deterni ned by,
conparing the locality of the current

f or exanpl BCT/SG2006/000397
response forned

by the current sanples of the nmeasured speci nen 106

against the localities of the Iist of
in the | ook-up table.
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2.1 to 2.6

6.38 to 6.85

The look-up table may be created by collating the
characteristics of current responses of various specimens
of known purity over the voltage ramp input as shown for
example by the graphs in Figs 5a to 5g. Preferably, a
range of values 1s provided for the maximum slope and
peak of each current response to correspond to a karatage
value and the range may be fine tuned for greater
accuracy through experimentation. This process is
repeated in the same manner for different specimens of
known compositions to form the look-up table.

The microprocessor may also perform an interpolation
between two nearest available values in the look-up table
if an exact measured input characteristic is not found in
the table.

In yet another alternative embodiment of the

invention, the current samples are used by the
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wo b@7opses and | ower bands of the current

the voltage ranp input . The region of a known

speci nen may be mapped out by taking the area between
I €S pRCIERGTING6/000397
the known speci nen. The region may then be adjusted
further to fine tune the accuracy of the mapping

t hrough experinentation. The karatage val ue of the
known specinen is assigned to this region. This
process oce sisepedicedionk e sama reanbenchah & fhenenit
speci mens of known conpositions to formthe | ook-up
cable. ok rardlehge raldermadf iehenhagp mipuef the

i nvention, other input characteristics of the current

r esponge E@q@utla%ebe%tre%p%b%% HRG Qwer t%%lvglteéwﬁlcal

ranp input are determ ned the n1croprocessor 25
t I
TG ie sl %ft'l%‘dn%%rm%%mt; s, g, o

&@referabl a. maxi mu gﬁ}n% ﬁOI t of t he current d
Sp6ARsE. * ﬁ@gesﬁﬁ Sctérc G PE CorparsfRage

a set of recorded characterlstlcs for known _al | oy
58n60§?F|8ﬁselﬁc§ﬁ1€ﬁﬁlHhééﬁeﬁogPruﬁnP&@I@~1é§’shomn

for exanple in Table 1 , which may be stored in the
rerpey 1Ehiops265. Pableawrlripgdi thypokkaatpoNiexi msmsdlcepe for
Peak( mA

examéle)in Table 2, which may be stored in the memory

chip 265.
Table 2.
Purity (karat) Charge

(milliCoulomb)

9 13.709 to 15.087

14 9.907 to 12.082

18 7.133 to 7.893

20 6.153 to 6.486

22 4.127 to 4.540

24 2.685 to 3.454

The look-up table may be created by collating the
data of electrical charges of different samples of known
purity for the duration of the ramp input, as shown for
example in Figs. 6a to 6g. A range of area may be

provided to correspond to a karatage value and the range

19



10

15

20

91.5t01.68 .45t0 9 .07 14 1.8 to 2.6 8 .55 t0 8
.83 18 0.4 t0 0.88 .26t0 9 .92 200 .9to 1.8 7 .46

WO 2008/07383685 22 1.8 to 2.2 6 .89 to 7 .56 24 2.1 POI/RGB0&000397

.38 to 6 .85 The | ook-up table may be created by
collating the characteristics of current responses of
vari ous speci nens of known purity over the voltage
ranp i nput as shown for exanple by the graphs in Figs

it ®SEI R ehelablnbr 3yranes efciau8s xRy ded
for the maxi mum sl ope and peak of each currerit

q@%%gﬁ%gﬁggpspond to a karatage value and the

r
range nmay be fine tuned for greater accuracy through

exper iz”emmaituciron-roTc | W 0GR Sy fcrcl%ﬁaea@:teedcﬂe” etlhetectsr%”@al
|

manner “for erent specinens -“o own conposi tions

to formthe | ook-u abl e., The m croprocessor .ma I

R & ARAES T A ar e i dP ol S e
values in the | ook-up table if an exact neasured input
ERarfdérced ArEgsP 1rfo ivd Yen wHeh aive . fam %?@tmpler

anot her alternative enbodi nent of the
reflect the purity of gold in the specimen 106. The

microprocessor may also perform an interpolation between
two nearest available values in the look-up table if an
exact measured input value is not found in the range
listed in the table. The corresponding value or the
interpolated value may then be transmitted to an
electronic display 270, such as for example a LCD for
read out.

In another alternative embodiment of the invention,
the ramp input may be ramped down from Vpeax tO Vinit Over
a period of Tz as shown in Fig. 7. The ramp input into
the electrolytic cell 201 is cut-off after a total
duration of T, + T3. Preferably, the duration of T, and
T3 1s the same. The look-up table will in this case be
based on empirical data for inputs sampled over the
period of T, + Ts.

Some electrical connections which are known in the
prior art have been omitted in these drawings for

clarity.
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i nvention, the current sanples are used by

t hem croprocessor to work out an area beneath a
wa@oren3sturve over the period T2 of the ranp PEOP8E2006/000397

The cal cul ated area represents the total electrica

charges of the resulting current during the period T

of the ranp input signal. The calculated area is

conpared to a set of electrical charges for known

al | oy weanposiHd amsreinft iam eRpi bieedl Pdaoal-dul drall ehdm and

shown for exanple in Table 2 , which may be stored in

Hee Y WGP G rehall @ 2 varibed eelsdii Al may will

be created by collating the data of electrical charges

g% @%&&fﬁffgeds 83, s@f HAAWR PYL th o Q- g Guration

of the ranp 1 npdt, as shown for exanple in Figs. 6a to

6%di .range of _area n%%e%engro¥jded 0.correspand tqQ a

Karat &ézgtvanuse and Cthf—?le ranger¥ay e |enécot L}rl}leed or <8

reater, accuracy .through .experinentati on .. The
PGB e Sr 0050 SRRT T Tha 161 GRLI daleToh g
of a measured speci nen agai nst the [ ook-up table to
tirgd e foor rd$p GFHRTy O\faltg’@ WEVER ey, stheyu ek dfsinefore be
reflect the purity of gold in the specimen 106. The
dieteopriocss smit ey halrsd epremicey rhcakhiente@ys aldssiription
bet ween

but with reference to the appended claims along with

their full scope of equivalents.
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two nearest available values in the | ook-up table if
an exact neasured input value is not found in the

wo amg®733s5t ed in the table. The correspondi ng Pel/8€2006/000397

the interpol ated value may then be transmtted to an
el ectronic display 270, such as for exanple a LCD for
read out . In another alternative enbodi nent of the
i nvention, the ranp input nmay be ranped down from
Wipeak itso M ailteddvier: a period of T3 as shown in Fig. 7
The ranp input into the electrolytic cell 201 is
cut-off after a total duration of T2 + T3. Preferably,
the duration of T 2 and T3 is the sanme. The | ook-up
tabl e 2w [ty t A b : empi-Li;C -, +f
habl e Wildy Hdy tALS §§§§ypﬁg_gg§g%eg§ g@#g} %%ﬁgﬁh%lﬁg the

i nputs sanpl ed over the peri

el ectrj.cal_ cannections which are known in the prior
art hé%égﬁkéﬁﬂonitted in these draw ngs for

clarity.Wiile the invention has been rticular,

Shown Ud GSSaHTe i T ToFer Bhte. Coarbode tHeludes an
enbodi nents, it wll be recognized by those skilled in
the art t h@RIRSHIFRSCAHIES¥hE APFFER Gy 9dTe to

the present invention w thout departing fromthe
spiritiband Bdoerg a ramp input into the electrolytic

cell;

(c) measuring a resulting current through the
electrolytic cell generated by said ramp input;
and

(d) determining an assay value for the specimen

based on measurement of the resulting current.

2. The precious metal assay method claimed in claim 1,
including the step of integrating said resulting
current over a period of the ramp input to calculate
the total electrical charge of the resulting

current.

3. The precious metal assay method claimed in claim 2,
wherein said total electrical charge i1s compared to
a list of electrical charges of known precious metal

compositions to determine said assay value.
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t hereof. The scope of the invention should therefore
be determned not with reference to the above

waleman7pss on but with reference to the appendeRCT/h@r006/000397

along with their full scope of equivalents.Wat is
claimed is: 1 . A nethod for assaying precious netal
conprising the steps of: (a) formng an electrolytic

cell which includes an anode speci nen and a reference

dat hofde (dedrdud meteat anpsanpueéthotiocihémed in claim 1,
el ectrolytic cell; (c) neasuring a resulting current

t hr oughalctllm@leﬂgecttrrw yidtepceldr gengipatred Ryutsaid nagulting
i nput; and (d) determ ning an assay val ue for the

speci pRR Ra%eqd LD IRRS YR hOf e ihgsul ti ng
current. 2 . The precious netal assay nethod cl ai med

inclaiml , including the step of integrating said
resulting current over a period of the ranp input to

alcuh te the t ot al trical E%the resulh@
o ofte Brteily mETE ATy arcahdd, Slarhed eractedt ¢
in cIa|n12
wherein said assay value is determined by comparing
the resulting current response against a list of

current responses of known precious metal

compositions by their localities.

6. The precious metal assay method claimed in claim 4,
wherein said assay value is determined by
interpolating a locality of the resulting current
response situated between two listed regions to

obtain a corresponding assay value.

7. The precious metal assay method claimed in claim 1,
wherein said assay value 1s determined from a look-
up table based on empirical data for known precious

metal compositions.

8. The precious metal assay method claimed in claim 7,
wherein sald assay value 1s determined by

interpolation of said look-up table values.
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wherein said total electrical charge is conpared to a
list of electrical charges of known precious netal

W@ 0wp0%i3s5 ons to determ ne said assay val ue. 4 PCTR€2006/000397

preci ous netal assay nmethod clainmed in claim1

i ncluding the step of mapping out a resulting current
response over the ranp input. 5 . The precious netal

assay nmethod clainmed in claim4 , wherein said assay

gal ueThs gekerurethehsicamal} Nted resalhédgiaueLgit 1,
response against a list of current responses of known

br eci g8 Behals QOMONIS | 9RSabY gl b 1106Al 1S Gnto the

The precious netal assay nethod clained in claim

MhereETF§%EQl§%§ yc%%t??c%@p?ﬁégénkﬂgdé%%p of ramping-up

I nterpolating a locall e resulting current

response situated. petween two listed . regions to obtain

a corEEQBonaanl%—ég%@X\SaY%%Fagfe. wlkhjedbrgccolroruesSpr?erf Hoto @
assay nmethod clainmed in claim1 , wherein_said ass

val ueSFeadet er fitREE fr GRCR Io&RrGHlFabI¥OB§§8& on® the

enpirical data for known precious netal conpositions.
8 . Théeptseilytiscmeeall -assay nethod clained in claim?7
, Wherein said assay value is determ ned by

10. The precious metal assay method claimed in claim 9,
wherein said ramp input ramps up to a peak voltage

and cuts off the ramp input thereafter.

11. The precious metal assay method claimed in claim 10,
wherein said step of driving a ramp input into the
electrolytic cell comprises the step of driving a
ramp input for a duration of between about 5 to

about 8 seconds.

12. The precious metal assay method claimed in claim 10,

wherein said ramp input duration is about 7 seconds.
13. The precious metal assay method claimed in claim 1,

wherein said ramp input comprises a voltage in a

triangular-shaped waveform.
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i nterpol ati on of said | ook-up table values.9 . The
preci ous netal assay nethod clainmed in claim1l ,

wob@rerizssai d step of driving a ranmp input i ntBCT/R€2006/000397

el ectrolytic cell conprises the step of ranping-up
froman initial voltage which corresponds to a steady
state open circuit voltage of the electrolytic cell

10. The precious netal assay nethod clained in claim?9

J1avhermien s el ¢ me teplitas SPSnehd® &1 PaRKI VDAt ADLim 10,
and cuts off the ranp input thereafter. 11. The

preci quferetal sasgay Bt hethudl aidedidds chab®al0vo1tage in
wherein said step of driving a ranp input into the

el ect ily/Lidn 2l de GO SLSsy NS, ShaR,ofs diy v ng a ranp

i nput for a bet ween about to about 8
seconds . 12. The precious netal assay nethod cl ai ned
in claim10, wherein said ranp input duration is about

7 secopds. 13., The precjous netal assay nethod, claj ned
ol AR PLCCHRTRITE St T3 THIRG Cokpriehsii claim 10,
voltage in a triangul ar-shaped waveform 14. The

preci St TReTRI Sasdayomet REPUH aitedides cpaPrRko,voltage of
wherein said ranp input includes a peak voltage in the

r ange asfotbdut8V4. 5V t o about 5. 0V.

16. The precious metal assay method claimed in claim 1,
wherein said step of driving a ramp input into the
electrolytic cell comprises the step of ramping-up
to a peak voltage and ramping down from said peak

voltage.

17. The precious metal assay method claimed in claim 16,
wherein said ramping-up and ramping down steps last

for about 5 to about 8 seconds each.

18. The precious metal assay method claimed in claim 16,
wherein said ramping-up and ramping down steps last

for about 7 seconds each.

19. The precious metal assay method claimed in claim 16,
wherein said ramp input comprises a voltage in a

triangular-shaped waveform.
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15. The precious netal assay nethod clained in claim
10, wherein said ranp input includes a peak vol tage of

w@b@aw73ss8Y. 16. The precious netal assay met hpdr/SG2006/000397

claimed in claiml1l , wherein said step of driving a

ranp input into the electrolytic cell conprises the

step of ranping-up to a peak voltage and ranpi ng down
fromsaid peak voltage . 17. The precious netal assay

met hod clained in claim16, wherein said ranpi ng-up

and ranpi ng down steps |last for about 5 to about 8
gdcond¥eegutrcikBs e gr ecisaus meladd assaynd®thotlaim 16,
claimed in claim16, wherein said ranping-up and

ranpi mred@im skepsl | asipf ommboutint1seeeNds egehxy L1tage
The precious netal assay nethod clainmed in claiml6,

wher eiwh 194 Gaindfl idMkit GORY eSOl 3ge in a

tri angul ar-shaped waveform 20. The preci ous netal
assay nethod clainmed in claim16, wherein said ranp

i nput includes a peak vol tage which ranges about 4.5V

Hg ab QV.. 21. The .preci ous t ssay nethod
2 el %r%l\ééior%slgfet\ﬂ‘}elagisﬁys &eﬁpﬁﬁa}i iAcIGddan 16,
a peak,vol tage of . .

wherein” said ramp input includes a peak voltage of

about 4.8V.

22. The precious metal assay method claimed in claim 1,
wherein said electrolytic cell is switchable through
a relay between a voltage driver for providing a
ramp input and a microprocessor for determining an
initial voltage for said ramp input based on a

steady state open circuit voltage of said cell.

23. The precious metal assay method claimed in claim 1,
wherein said step of measuring a resulting current
through the electrolytic cell comprises the step of
measuring said resulting current using a current
measuring resistor <coupled to a differential

amplifier.
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about 4.8V. 22. The precious netal assay nethod
clainmed in claim1l , wherein said electrolytic cell is

waworohsbt e t hrough a rel ay between a vol t age BET/8€2006/000397

for providing a ranmp input and a m croprocessor for
determning an initial voltage for said ranp input

based on a steady state open circuit voltage of said

cell. 23. The precious netal assay nmethod clainmed in

@lai mThe, paerieius smith Stepsoy nedsodi pgaamedsuiht idlgim 1,
current through the electrolytic cell conprises the

step @haTRASUIEA0d Saitdpr estll FoRBiGYl rANt cUSERGoAYtic cell
current nmeasuring resistor coupled to a differentia

anpl i gl r34esThe Preepus dretal assay method cl ai med
inclaiml , wherein said step of form ng an

eleCtQ%bytE%n%%kk&%&%?%%%&?xﬂb%¥§ﬂﬁpﬁx9ﬂ% éf@s surface of

contacti’'ng an ano e to a'first surtace of a

eci men under test to formthe anode ' X d
(b) di spendi nGRECGHET ol TP AmotRT S of T8l odPFol v g@node

onto a second surface of the specinen to electrically
link the c&PRCAESProfEX o the

(b) dispensing a controlled amount of electrolytic
gel onto a second surface of the specimen to
electrically 1link the cathode probe to the

specimen and the anode probe.

25. A method for assaying precious metal comprising the
steps of:

(a) forming an electrolytic cell which includes an
anode specimen and a reference cathode;

(b) driving a ramp input into the electrolytic
cell;

(c) measuring a resulting current through the
electrolytic cell generated by said ramp input
to provide a resulting current response; and

(d) determining an assay value for the specimen
based on the resulting current response;

wherein the assay value is determined by comparing

the resulting current response against a 1list of
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speci men and the anode probe. 25. A nethod for
assayi ng precious netal conprising the steps of: (a)

wo osomiomgsan el ectrolytic cell which includes aPCHRGZI®G/000397

speci men and a reference cathode; (b) driving a ranp

input into the electrolytic cell; (c) neasuring a
resulting current through the electrolytic cel

generated by said ranp input to provide a resulting

curr emunrssgonse;espuhgel defar m nimgvran assayivad ue metal
for the speci men based on the resulting current

r esporseiposiarieins thie assiay sajges isndeieiyd hed by
conparing the resulting current response agai nst a

list ofcurrent responses for known precious netal
conpositions by their slopes and peaks. 26. The

PrEci ays MRiali ASS Y 1Bt %ag}e%é%d gzlgéyi%éﬂ 22 claim 25,

wherein said assay value Is term ne

i nt | i t : d f the i t .
Lﬂr?gﬁ?mggég%ns%%éég?ﬁggS?&e g?%gégoanﬁsSegggg%¥mi?ﬁﬁ' by

list af currﬁpt.respggses. 27. The(Preci us netal

assay “RetHed [AHinfed TP cFaPRess and peaks of the input

current response against the slopes and peaks of the

list of current responses.

27. The precious metal assay method claimed in claim 25
or claim 26, wherein said slope is based on a

maximum slope of the current responses.

28. Precious metal assaying apparatus comprising:

an anode and a cathode for forming an
electrolytic cell with a specimen that is to be
assayed; and

electronic circuitry associated with said anode
and cathode for determining an electrical
characteristic of said cell;

wherein said testing circuitry comprises:
a driver for applying a ramp voltage to said cell;

and
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or claim26, wherein said slope is based on a maxi mum
sl ope of the current responses. 28. Precious netal

W@3®aypiizgs appar at us conpri sing: an anode and aPCHBGIU&000397

for formng an electrolytic cell with a specinen that

is to be assayed; and electronic circuitry associ at ed

Wi th said anode and cat hode for determ ning an

el ectrical characteristic of said cell; wherein said
testing circui mopidoygrigsesciacdiitver £bor apphyiungng the
ranp voltage to said cell; anda nonitoring circuit for
meas uriengn litheng esut témig £Usw ethrbliow bhiaug1aidhceld the
during the application of said ranp voltage. 29. The

appar atos iefa tcla M 28&a whergi wAitddesting circuitry
includes circuitry for determning a steady-state
open-circuit voltage of said cell, and for controlling
said driver to ranp up fromsaid steady-state

@@qn-@%rcu'g volLtage. (30._;The apparatus of clain12§% ,
wher ei nesafle PRoRi tori PG ccllr%grllt r%)%’l nefGEss a tutfentesting
neasu%&%%df%%fn(gnéfhdes circuitry for determining a

steady-state open-circuit voltage of said cell, and

for controlling said driver to ramp up from said

steady-state open-circuit voltage.

30. The apparatus of claim 28, wherein said monitoring
circuitry includes a current measuring resistor in
series with said cell, and a differential amplifier

coupled across said resistor.

31. The apparatus of any of claims 28 to 30, including a
microprocessor and a relay for switching said cell
between said microprocessor and said voltage driver;

wherein saild microprocessor determines said
steady-state open-circuit voltage when said relay is
switched to said microprocessor;

wherein to apply said ramp voltage to said
cell, said microprocessor instructs said relay to
switch to said driver and instructs said voltage

driver to output said ramp voltage; and
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series wth said cell, and a differential anplifier
coupl ed across said resistor. 31. The apparatus of any

woboogloaizss 28 to 30, including a m croprocessoPCHRA206/000397

relay for switching said cell between said

m croprocessor and said voltage driver; wherein said

m croprocessor determ nes said steady-state

open-circuit voltage when said relay is switched to

sai d m cr opHtsesigor ; saher eimiappiessat d ragpives said
voltage to said cell, said mcroprocessor instructs

sai d reltapito Swictch teisai ddtiffyeenandli nsimpict 818481 d ang
vol tage driver to output said ranp voltage; and.

wher eide teaind LT QI ACOSTOK IRERIY €Ha3RI0 QU PUE oM, 1eqg
said differential anplifier and determ nes sai d assay

val ue hased,ton t he neasured current
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