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Abstract Title: Method and system for metal analysis of mineral samples

(57) A metal value collector device 10 for adsorbing a metal value from a digestion mixture, where the metal value
collection device is sized and shaped for association with a detector. The metal value collector may be a plate of
adsorbent material, preferably activated carbon cloth, or may be a bed of adsorbent material, preferably carbon
granules or ion exchange resin beads. A sample preparation device 14 comprises a vessel 16 for receiving a
sample, a digestion composition, a closure 18 for the vessel, and metal value collector 10. A method for preparing a
sample comprises mixing the sample and digestion medium and contacting the mixture with the metal value
collector. A system for metal value analysis comprises the digestion mixture and metal value collector and a
detector. Preferably the detector is an x-ray fluorescence detector, especially a portable XRF detector (pXRF). Also
claimed are: a digestion composition comprising a metal lixiviant and an alkali compound; and a metal value

collector device reference standard having a known amount of adsorbed metal value.

FIG: 2a

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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“Mathod and system for metal analysis of mineral samples”

Fleld

{00011 The present disclosure generally relates 1o @ method and system for metal
analysis, in particutar to a2 method and system for metal analysis of mineral samples,
for use in & laboratory, mineral processing plant or during a fisld mineral exploration
sampling campaign. The present disclosure also relates to a digestion composition
and a digestion {ablet which may be used o prepare minsral samples for metal
analysis according to the method and system described harein, The prasent
disciosurs further relates to & sample preparation device, method and system which
may be used to prepare mineral samples for metal analysis according to the method
and sysiem described herein. The present disclosure also relates to a metal value
soliector device for collecting extracted metal values from a digestion mixture. Thse
metal value collector device interfaces with a detector arranged 1o measure the
amount of extracted metal value collected on the metal value collsctor device,

Background

(0027 Mineral exploration campaigns are frequently conductad in remote areas and
involve collection of numercus geological samples including, but not imited 1o soll
samples, drili cutting samples and stream sadiment samples. Once coliecied, the
samples are typically transported to 8 laboratory for analysis to determine the
conceriration of metal values in the sample. Many of the available analytical
techniques involve acid extraction, fire assay or fusion technigues followad by
spectrometric or specirophotometric analysis for quantification of the metal values.
These relatively sophisticated chemical methods are generally not suitable for remotle
fleld use and reguire high power consumption, clean conditions, stable temperatures
and constant electrical cutput. A fire assay furnace, for example, commaonly requires
tens of KW of power and 480V,

0003 As most iaboratories capable of performing the necessary analysis ars
incated in urban areas, it oan iake a period of several days, weeks or even months 1o
have the samples analysed and data interprated, leading to prolonged periods before

the results of a mineral exploration campaign are known,



[0004]  One of the more difficult metals to analyse in geclogical samples is gold.
Electrochemical and colorimetry have bean previously proposad as being suitable for
analysing gold in the fisld. Both these techniques are time consuming and have not
been adopted by the mineral exploration industry in recent times. They are not
suitable for rapid routine analvses as they require sophisticated sef ups in the form of
a stand-asione chemical laboratory, skilled personnel to prepars the samples for
analysis, and sxpert knowledge to perform and interpret the sample anaiyses,

[G008]  Although portable Xeray fluorescence (pXRF) instruments are used in the fisid
for mineral analysis, they are not generally ussd for gold analysis because &) the
detection threshold for gold is high, b} the concentration of gold in collected samples is
typically low {<1 ppm), and ¢} many samples include other metals or elements that
provide speciral interferences which preciude the reliable detection of gold by this

mathod.

[O008]  Thus, there is a nesd to develop a simple on-site method for preparing and
analysing samples containing very low concentrations of gold in the fisld.
Furthermore, on site analysis is particuiarly advantagsous to a mineral explorer as
prompt access o analytical resulls permits near-real time decision making in respedt
to continuation or amendment of an exploration program.

Summary

00071 The present disclosure provides a digestion composition and a digestion
tablst which may be used {o prepare a sample for metal analysis. The metal may be a

precious metal, in particular goid or silver,

FO008]  Certain embodiments of the disclosure provide a digestion compaosition

comprising & metal ldviant and an alkall compound.

00081 Alternative smbodiments of the disclosure provide a digestion tablet
comprising a core portion contalning & metal ixiviant, a layer of alkali compound
sncompassing the core portion, and an overcoat layer comprising a water soluble or

water disparsible polymer.



[0010] B4l other embodimeants of the disclosurs provide a digestion tablet comprising
@ core portion containing a8 mixture of a metal xiviant and an alkali compound, and an

gvercoat layer comprising a water soluble or water dispersible polymer.

[0011]  The digestion composttion or the digestion tablet may comprise the metal
lixiviant in an amount sufficient to extract a metal value from a digestion mixture
comprising a sample containing low levels of the metal value, the digestion
composition or the digestion tablet, and a digestion medium. The digestion medium
may be a solvent, such as an aqueous solvent, in which the digestion composition or
the digestion tablet is soluble. In some embodiments, the digestion mixture comprises
less than 10000 pom metal lixiviand, It will be appreciated {o those skifled in the art
that the rate of digestion will be normally faster for higher concentrations of metal

fixiviant in the digestion mixturs,

{00121 in one embodiment, the metal ixiviant in the digestion composition or the
digestion tablet may be a cyanide compound. The cyanide compound may be a waler
soluble cyanide sall such as sodium eyanide or potassium cyanide.

0131 I an alternative embodiment, the matal lixiviant in the digestion composition
or the digestion table may be a halide compound, in particudar a water soluble lodida

such as potassium iodide.

[0014]  In another embodiment, the maetal idviant in the digestion composition or the
digestion tablet may be a thiosulphate compound, in particular a water soluble
thiosulphate salt, such as ammonium thicsulphate, Alternatively, the metal xiviant in
the digestion compasition or the digestion tablet may be an lodide compound, In
particular @ water soluble lodide salt, such as ammaonium iodide or sodium indide.

100151 In some embodiments the alkall compound may be an alkali metal hydroxide,
an aikaline sarth metal hydroxide, ime (Cal), soda (Na2Q}, or a combination thereof,

(00481 One purpose of the alkall compound is to raise the pH of the digestion mixture
to minimise the risk of forming hydrogen cyanide when the metal lixiviant is a cyanide
sompound. Accordingly, in one embodiment the alkall compound is present in an

amount sufficiant to maintain the pH of the digestion mixture above pH 10,
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0017 In some embodiments, the digestion compaosition or the digestion tablet may
furthar comprise an ionic salt in an amount sufficient to maintain an lonic strength of
the digestion mixiurs to at least 0. 1M, Suitable examples of lonic salts for this purpose
include, but are not imited to sodium chioride, potassium chioride and other inert
water soluble sailts.

0018 In some embodiments, the digestion composition or the digestion tablet may
further comprise an acoslerant. The term ‘accelerant’ as used herein refers to one of
mors substances capable of increasing the rate of digestion of a melal value in a
digestion medium. Sultable examples of acoelerants include, but are not limited o,
alkall or alkaii sarth metal peroxides and percarbonates o organic peroxides and

parcarbonates.

[0018]  The present disclosure also provides a metal value collector device for
coflecting extracied metal velue from a digestion mixture and interfacing with a
detector arranged to measure the amount of extracted metal value collected on the
maetal value coliector device.

0020]  Certain embodiments of the disclosure provide a metal valus collector davice
capable of adsorbing a metal valus therson from a digestion mixture, thereby
concentrating the extracted metal values from the digestion mixture (o a concantration
at or above a detectable threshold, wherein the metal value collector devics is shaped
and sized for association with a detector arranged io detect the metal value, The
detector may be an XRF detector, in particular a porfable XRF {pXRF) delector.

00211 In one embodiment the metal value collector device comprises & plate of
adsorbent material. The plate may be shaped and sized for association with the
detector. For example, the piate may be a 25 mm dise of adsorbent material for

association with a window of the dstecior.

00221 In one embodiment, the adsorbent material may be a textile material, Inone

form the textiie material may be an activated carbon cloth,

0023]  In ancther embodimeant, the metat value collestor davice comprises a bed of

adsorbent material, such as activated carbon granules or anion exchange resin beads.



The bed may be shaped and sized for association with the detector. For exampls, the
had may be containgd in a vesse! having an interior space which defines the bed of
adsorbent material, In this particular embodiment, the vessel may be configured to
allow X-ray radiation to interact with the bed of adsorbent material.

0241 In one embodiment the metal value coliector device may further comprise a8
protective covering. The protective covering prevents particulate material inthe
sample from abrading adsorbed metal valus from the plate of adsorbent material. In
one form, the protective covering may be liquid permeable. For example, the

arotective covering may be a mesh bag containing the plate of adsorbent matsrial.

[0025]  Another embodiment of the disclosurs provides a metal value collector device
reference standard comprising a plate of adsorbent material having a known amount
of metal valus adsorbed therson, wherain the plate is shapsed and sized for association

with & detector arranged to detect the known amount of metal value.

0028]  The present disciosure also provides a sample preparation device for
preparing a sample containing low fevel melal value for metal value analysis by a

detactor.

(00271 The sample preparation device comprises!

a vessel for receiving a sample containing a metal value, & digestion
composition or a digestion tablet, and a digestion medium;

a closure for the vessel to aliow the vesse! to be agitated and thereby produce a
digestion mixture comprising extracted metal value and the digestion composition or
the digestion tablet dissolved in the digestion medium, and,

a metal value collector device capable of adsorbing the extracled metal value
thereon from the digestion mixture, thereby concentrating the extracted metal vaiue,
wherein the metal valus collector device is shaped and sized for association with a
detacter arranged to detect the extracted metal value adsorbed on the metal valus

colisctor devics.

00281 In some embodiments, the closure and the matal valug collector device may
be coupled in a manner whersby the mstal valug collector device is retrigved from the

vassel by removing the closure therefrom.
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00281 In one example, the closure and the meial value collector device are coupled
by an elongate element. The slongale element may be flexible. For example, the
slongate element may be & lanvard, Allernatively, the slongate element may be rigid,
For example, the elongate slement may be a permeable housing for the device,

N030]  The present disclosure also provides a system and a method for preparing a
sample containing low level metal value for metal value analysis by a delector.

100311 The system for preparing a sample containing fow level metal value for metal
value analysis by a detector comprisas:

a digestion composition or a digestion tablet containing an alkall compound and
& metal ixiviant in an amount capable of extracting the metal valus from said sample
in a digestion meadium;

a vessel for receiving the sample containing the extracted metal valueg, a
digestion composition or a digestion tablet, and a digestion madium, the vessel having
a closure for the vessst fo aliow the vesseal to be agitated and thereby produce a
digestion mixture comprising said extracied metal value and the digestion composition
or the digestion table dissolved in the digestion madium, and,

a metal value collector device capable of adsorbing the extractsd metal valug
from the digestion mixiure, thereby concentrating the exiractad metal values, wherain
the metal value collector device is shaped and sized for association with a detector
arranged (o detect the metal value.

00321 The method for preparing a sample containing low fsvel metal valus for metal
value analysis by a detector comprises

mixing said sample, & digestion medium and a digestion composition or a
digestion tablst containing an alkali compound and a metal lixiviant in an amount
capable of extracting the metal value from said sample in the digestion medium o
produce a digestion mixture, and,

sontacting the digestion mixture with a metal value collector device capable of
adsorbing the exiracted metal value from the digestion mixturs, thereby goncentrating
the extracted metal value, wherein the metal value collector device is shaped and

sized for association with a detector aranged to measure the extracted metal value,



[0033] The present disclosurs also provides a digestion composition as describad
above for use with a method or a system for praparing a sample containing low-level

matal value for metal value analysis by a detactor,

0034]  In ancther aspedt, the present disclosure also provides a digestion tablet as
descrived above for use with a method or a system for preparing a sample containing
iow-level metal value for metal value analysis by a defector,

N038]  The present disclosure also provides a system and methed for metal value
analysis of a sample containing low-level metal valuss

[0038]  The system for metal value analysis of a sample containing low-level matal
value comprises;

a digestion compaosition or a digestion tablet containing an alkall compound and
a metal hdviant in an amount capable of extracting the metal value from said sampe
in a digestion medium,

a metal value collector device capable of adsorbing the extracted metal value
from a digestion mixture comprising said extracted metal value and the digestion
somposition or the digestion table dissolved in the digestion medium, tharsby
concentrating the extracted metal value; and,

a detector arranged to deled the metal value adsorbed on the metal value
collector device, wherein the metal value collector device is shaped and sized for

association with the detscior,

30371 In ong embodiment the system further comprises & contro! devics for
controlfing the detector. The control device may comprise a memory for storing data
and operation software, 3 controfier that provides a user interface, and an external port

for export of data.

00381 The method of analysing a sample containing a metal value comprises the
steps of

providing a digestion mixture comprising said sample and a digaestion
composition or & digestion tablet containing an alkall compound and a metal ixiviant in
an amount capable of extracting the metal value from said sample in a digsstion

meadiun,



contacting the digestion mixture with a metal valus coliscior device capable of
adsorbing the extracted metal value thereon, thereby concenirating the exiracted
rnetal values;

associating the metal value collector devics having the extracted metal value
adsorbed thereon with & dstecior; and,

measuring & concentration of adsorbed metal value on the metal value collecior
device with the detector,

[0038] The present disclosure alse provides a digestion composition as describsd
above for use with a method or a system of anslysing a sample containing a metal

vahie.

(00407 in another aspect, the present disclosure also provides a digestion tablet as
described above for use with & method or a system of analysing a sample containing a

matal valus,

[0041]  Other features, objects and advantages of the present disclosure and its
smbodiments will bacome apparent from the detalled description, examples and

claims that follow.
Brief Description of Drawings

00421 Preferred embodiments of the present invention will now be further described
and ustrated, by way of example only, with reference to the accompanying drawings

i which;

00431 Figure 1 provides a schematic representation of a metal value coflector device

according to one embodiment described herain;

N044]  Figures 2a and 2b provide a schematic representation of a sample
preparation device according to one embodiment desaribed herein;

[00458]  Figure 3 compares two respective XRF specira for gold adsorbad on an
activated carbon cloth in accordance with ene embodiment as described herein; and a

gaological sample of As-rich gold ore containing about 30 ppm gold;



{0048]  Figure 4 shows a calibration curve Tor gold (ppb) ve pXRF counts;

{00471 Figure 5 is a graphical representation showing a measure of arror in XRF
meaasuramants of gold at low concentrations adsorbed on carbon granules (G in

comparison with gold adsorbed on activaled carbon clothy;

{00481 Figure 8 is 8 graphics! represeniation showing a mesasurs of srror in XRF
maasuraments of gold at high concentrations adsorbed on carbon granulas (G in

comparison with gold adsorbed on activated carbon cloth; and,

{00487 Figure 7 is a graphical representation of gold concentrations measured by
XRF versus expected gold concentrations.

Bascription of Embodiments

{03501 The present invention is described in the following various non-limiting
embodiments, which relate to systems and methods for preparation and analysis of
samples contalning low-level metal values, Various non-limiling smbodiments relating
o digastion compositions and digestion tablats which can be used in sald systems and
methods to extract @ metal value from a sample containing low-level metal value are
also described, Further, 3 melal value collector device which can be used in said

systemns and meathods to concentrate the extracted metal valuss is also described.
{0051 GENERAL TERMS

{00521 Throughout this specification, unless specifically stated otherwise or the
context requires otharwise, refersnce to a single step, composition of matter, group of
steps or group of compositions of maiter shall be taken to sncompass ong and &
pluraiity {i.e. one or more) of those steps, compositions of matter, groups of steps or
groups of compositions of matter. Thus, as used herein, the singular forms "a", "an®
and "the” include plural aspects unless the context clearly diclates otherwise. For
exampie, reference to "a" includes a single as well as two or more; reference to "an’
includes 2 single as weall as two or more; reference to "the” includes a single as well as

two or more and so forth,
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[0053] Each example of the present disclosure described hersin is o be applied
mutatis mutandis to each and svery other example unless specifically stated
otherwise. The present disclosure is not to be imited In scope by the specific
sxamples described herein, which are intended for the purpose of exemplification only.
Functionaliy-equivalent products, compositions and msthods are clearly within the

scope of the disciosure as described herein.

(00541 The term "andfor, 8.g., "X andfor ¥¥ shall be understood to mean sither "X
and YY" or "X or ¥* and shall be taken to provide explicit support for both meanings o

for either meaning.

[0055]  Throughout this specification the word "comprise”, or variations such as
"somprises” or "comprising”, will be understood to imply the inclusion of a stated
slement, infeger or step, or group of elements, integers or steps, but not the exclusion

of any other element, integer or step, or group of slements, integers or steps.

00561 it will be clearly understood that, although a number of prior ar references are
made herein, this refersnce does not constitule an admission that any of this
information forms part of the common general knowledge in the an, in Australia or in

any sthar country.

(00871 Unless otherwise defined, all technical and sclentific terms used hersin have
the same meaning as commaonly undserstood by one of ordinary skilt in the art to which
this invention belongs. Although methods and materials similar or equivalent to those
describad herein can be used in the practice or testing of the present invention,
suitable methods and materials are described below. I case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and

sxamples are Hustrative only and not intended to be limiting.
SPECIFIC TERMS

[GOS8]  The term “low-lsvel metal analysis” as usad harein refers to detection,
identification andfor measurement of a concentration of a metal vaiue in @ sample
somtaining the metal value, wherein the concentration of the metal value in the sample
may be from 5§ ppb to 10 ppm. In the embodiments described herain, the detection,



i1

identification and/or measuremant of the concentration of the metal value in the
sample may be performead with an Xeray fluorescence (XRF} speclrometsr, in
particular a portable XRF {(pXRF}.

[0089] The term “sample” refers o a geological sample. The sample may include,
but is not limited o, an ore, mineral, concentrate, tallings, scif, drill cutting, stream
sedimant or aliuvial sediments. Samples may be collected from one or more sites In
accordance with field sampling for a mineral exploration campaign, as will be known o
those skilled in the art. The fisld sampling or mineral exploration campaign will
determing the sample size, size fraction, site selection, sample density, sample
interval and ao forth. The field sampling campaign may be modified in reaponse 1o
results oblained by the methods described herein; this may be called ‘interactive

sampling’.

{00801 A minimum sample size may be a function of the metal value abundance and
the particle-size distribution, Larger samples are generally required for coarse metal
value particles than for fine metal vaiue particles, in particular when the metal value is
gold. For large particles, for exampls, only one sample in ten equal samples may be
sxpeacted to contain gold and that fraction may report a value of ten times the average
valus of the sample. An equal waight of fine-grained gold would more likely report in
aach fraction at about a common conceniration. For the purposes of the embodiments
described herain, the sample may be about 250-800 g. Advantageously, preparation
and analysis of the sample in this waight range in accordance with the methods
described herein increases the analytical pracision in samples containing coarse gold

particlas,

[0081]  The term “metal iixiviant” as used herein refers fo one or more chemical
sompounds capable of sslectively extracting a desired metal value from a sample into
= Hguid medium. The extracted metal value may then be recovered from the liquid
meadium in a concentrated form. The metal lixiviant may sslectively extract the melal
vaiue by altering the redox state of the sample or the pH of the lguid medium.

0062]  The term “digestion medium” as used hereln refers o a liquid medium
capable of dissolving the metal lixiviant, one or more compounds other than the metal
ixiviant for adjusting andfor maintaining the liguid medium under a desired condition
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{2.9. pH, ondc strength, reduction potential (Eh), dissolved oxygen and so forth), and
the matal value extracted from the sample.

{00831 The digestion medium may be an aqueous solveni, such as water. The water
may be rainwater, deionised water, distilled water, ultrapure water, municipal water,
groundwater, produced waler, procsss water, brackish waler, or bring,

DIGESTION COMPOSBITION

[0084] The present disclosure provides a digestion composition which may be used
to prepare @ sample for low-level metal analysis, In particular for low-leval goid

analysis, in accordancs with methods desoribed herain

{088]  The digestion composition comprises a maetal Hxiviant and an alkali

compound,

{0088]  The metal lixiviant may be a cyanide compound. The cyanide compound may
be a waler soluble cyanide salf such as sodium oyanide or potassium oyanide,

(00671 Allernatively, the metal may be a thiosulphate compound in particular a water
soluble thiosulphate salf, such as ammonium thiosuiphate, Alternatively, the melal
lixiviant may be an lodide compound, In particular & watsr soluble jodide salt, such as

amimonium iodide or sodium odide,

[0088] The alkali compound may be an aliall metal hydroxide, an slkaline sarth
metal hydroxide, ims (Ca), soda (Nap(Q}, or a combination of two or more.

00881 It use, a fixed amount of the digestion compasition and the sample are mixed
with a digestion medium, such as waler, {o produce a digaestion mixture. The metal
lxiviant is present in the digestion composition in an amount sufficient to leach the
metal value in the sample into the digestion mikture. In one embodiment, the metal
dxiviand is present in the digestion composition in an amount sufficient to provide a
concentration in the digestion mixture of between 1 ppm and 10000 ppm I will be
appraciated that a high cyanide concaniration in the digestion mixture may require
extended treatment to neulralise the cyanids Tor disposal.
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[O070] The digestion composition may alse comprise an accslerant selected from a
group comprising: an alkall or alkall earth metlal peroxide, an alkall or alkall earth metal

parcarbonate, an organic peroxide, or an organic percarbonats.

(00711 In some smbodimants, the digestion composition may further comprise a pH
indicator compound, for example a compound that is a distinet colour below or above a
specific pH. The pH indicator compound may be included in the digestion composition
o indicate i the digestion medium or digestion midure {alis below a pH at which

hydrogen cyanide gas forms.

I0072]  For ease of use, the fixed amount of the digestion compaosition may be pre-
measurad and packaged info 2 sachet. The sachet may then be opened and the fixed
amount of the digastion composition may be readily dispensed into a sample

preparation vessel for preparing a sample for analysis as described herein.

[O0731  In an alfemnative embaodiment, the fixed amount of the digestion compaoasition
may be pre-measurad and packaged into a frangible pouch or capsule associated with
a closure of & sample preparation vesssl, whersin the closure s configured (o break or
tear the frangible pouch or capsule when the closure closes the sample preparation
vessel, thereby releasing the digestion composition inte said vessel

[0074]  In a further alternative embaodiment, the fixed amount of the digestion

composition may be pre-measursd and packaged in the sample preparation vessel.

IDO75]  in acidic environments, cyanide salts may generate toxic hydrogen cyanide
(HON). Some samples may have a high sulphide content andfor a low buffaring
carbonate content.  Such samples, when mixed with the digestion medium may lower
the pH of the digestion mixture thereby providing conditions under which hydrogen

cyanids may be generated.

00781 Accordingly, the akall compound is present in the digestion composition in an
amount sufficient 1o maintain the pH of the digestion mixture above 10,

(00771 The digestion composition may further comprise one or more compounds
other than the metal ixiviant and the alkall compound for adjusting andfor maintaining
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the fguid medium under a desired condition {a.g. pH, ionic strength, oxygen
concentration, reduction potential {Eh} and so forth). For example, the digestion
composition may further comprise an lonio salt in an amount sufficlent to maintain an
fonic strength of the digestion mixiure {o at least 0.10M. Suilable examples of ionic

salts for this purposs include, but are not limited to sodium chioride, efe
DIGESTION TABLEY

[G078]  The fixed amount of the digestion composition may be conveniently provided
in the form of a digestion tablet which may be used o prepare a sample for low-level
metal analysis, in particular for low-level gold analysis, in accordance with methods
described herein,

[0079]  In one embodiment, the digestion tablet may comprise a core portion of the
digestion composition as described above and an overceat layer comprising a waler

soluble or waler dispersible polymer,

[O080]  In an alternative embodiment, the digestion tablet may comprise a core
portion containing the metal lixiviant, a laver of alkali compound encompassing the
core portion, and an overcoat layer comprising a water soluble or water dispersible
polymer. The layer of alkall compound may also comprise an accslerant andfor & pi
indicator compound.

D081 The overcoat layer allows the digestion tablet to be safely handied because it
reduces the risk of contact contamination of parsonnel with the metal lixiviant, in
particular in embodiments whers the metal lixiviant is a cyanide salf such as sodium

cyanide or potassium oyanide.

00821 Many water-soluble or water-dispersible polymers are known in the prior art
that may serve the present purposss. By way of llustrating the polymers of this
character that may be employed herein, mention may be made of the following:
hydroxypropyimethyiceliulose, polyvinyt pyrrolidone, hydroxypropyl celiuiose,
poiyethyiens glveol 3350, 4500, 8000, methyl celiulose, pseudo athyiceliuioss. One
such polymer that has been found to be very suitable is hydroxypropyt mathyiceliulose
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which is a propyiens glveol ether of methyicellulose, This is available from several
manufacturers as for example from Dow under the rade names HPM Ceilulose.

(00831 Aside from the waler-soluble or water-dispersibie polymers, the overcost layer
may also contain other ingredients which may aid in the application of the costing to
the tablet or to improve the character of the coating. These may be such ingredients
as surfactants, plasticisers, antifoaming agents, sclubilising agents, colowing agents,

(0084] The digestion {ablet as described hersin can be prepared by any known
technigues ke direct compression, wet granulation, dry granulation, spray drying and
solid dispersion,

[0085]  The overcosat layer as described herein can be prepared by any known
techniques like dip coating, compression coating, film coating including erganic fim

coating and vacuum fiim coatling.

[088]  in an alternative embediment, the digestion {ablet may take the form of a
capsule, whersin the digestion composition as describad above may be encapsulated

in a water soluble or water dispersible polymeric capsule, such as a gelatin capsule.
METAL VALUE COLLECTOR DEVICE

[0087]  The present discloswre also provides a metal value collector devige for
coliecting extracted metal value from a digestion mikture and inferfacing with a
detector arranged to measure the amount of extracted metal value coliected on the
metal value collector device. The detector may be an XRF detector, in particular g
pXRF datector,

G088]  The metal value collector device is capable of adsorbing an extracted metal
value thereon from a digestion mixture, thereby concentrating the extracted metal
values from the digestion mixture. The concentration of metal value in the sample
may be low-level {2.g. 5 ppb to 1 ppmy), in which case it is not possible {o directly
measurs the concentration of geld in the sample with XRF technigues because the
concentration of gold in the sample is below a detectable threshold. Rwill be
appreciated that the ‘detectable’ threshold may vary between individual XRF deteclors
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and sampies but will typically be from 1 ppm to 10 ppm depending on the matrix of the
sample. Advantageously, adsorbing the extracted metal values from the digestion
mixture concentrates the extracted matal vaiue to a concentration at or above the

detectabie threshold for the metal valus.

0881 The term “detectable threshold” as used herein refers to the lowest
concentration of a specific metal value {(a.g. gold) that can be consistently quantifiad
by a detector {&.g. pXRF} within a desired error margin. it will be appreciated that the
detectable thrashold will vary according o the specific metal value, the type of
datector, the substrate on which the specific metal value is adsorbed or the solvent in
which the specific metal value is dissolved, the nature and concentration of
comaminants, the nature and concantration of elements that provide spectral
interferences{a.g. arsenic, ungsten, and zine In the case of gold), and so forth. The
detactable threshold of the specific metal valus for the detector may be determined by
technigues known to those skilled in the art

G080 In one embodimant, whersin the metal value is gold and the deteclor is a
pXRF, the detectable threshold for the pXRF may be from 1 ppm to 10 ppm gold.

081] The metal value collactor device may be shaped and sized for association
with a detector arranged to detect the extracied metal value collectad on the matal
value coflector device. In particular, the metdal valus collector device may be shaped

and sized to conform to an analysis window of the detector,

[0082]  The metal value collector device may comprise an adsorbent material, in
particuiar a textile material. The textile material may be a randomiy or non-randomly
arranged fibrous mash, woven, braided, or felt-like textile material, In one form the
textile material may be an activated carbon cloth. Activated carbon cloth is particularly

effective at adsorbing gold cyanids.

093] Tungsten andfor arsenic are typloally associated with samples containing
gold, generally in much higher concentration than goid. Tungsten and arsenic are also
slements that cause spaciral inferferences for analysis of gold by XRF techniques,
Accordingly, the presence of lungsten andfor arsenicin a sample containing gold
make direct gold analysis by XRF of iimited use. Therefore, XRF analysis of low-leveal
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gold samples containing tungsten andfor arsenic is not practical. Advantagsously,
tungsten and arsenic in the sample are poorly dissolved in the digestion mixture and
furthermore are only adsorbed onto the activated carbon cloth at very low {Le. non-
interfaring) concenirations.

00841 The metal value collector device may further comprise a protective covenng.
The proteciive covering minimises (1) particulale material in the digestion mixturs from
abrading adsorbed metal value from the plate of adsorbent material and (2} particuiate
material from clogging the pores of the adsorbent material. in one embodiment, the
profective covering may be < 40 pm maesh. For example, the proteclive covering may
be a sealed mesh bag containing the plate of adsorbent material, it will be
appreciated that the matal value collector device may be retrievable from the
protective covering orior 1o association with the detector. For exampile, the protective
covering may be temporarily sealed around the metal value collector device and then
cut or torn open after the metal value collector has besn contacted with the digestion

mixture to releass the plate, prior to analysis by the detector,

[D085] it will be appreciated that the protective covering may be fabricated from a
material which is inert to the digestion composition and non-adsorbent to the matal

value of inferest. In one embodiment, the protective covering may be < 40 um mash.

[0088]  The metal value collector device may be fabricated by any suitable technigque.
A consistency in the shape and size of the metal value collector device is desirable as
it enhances overall precision and acouracy of the measurament of extracted metal

values from a plurality of samples by the detector,

00E7] One or more metal value collector device reference standards may alse be
fabricated and ussd in association with the methods and systems described herein,
The metal value collector device reference standard may comprise a plate of
adsorbant material having 3 known amount of metal value adsorbed thereon, wherein
the piate is shaped and sized for association with a detector arranged {o detect the
known amount of matal value. 1t will be appreciated by those skifled in the art that the
metal value colisctor device reference standard must be fabricated from an identical
adsorbent material, and be shaped and sized in an identical manner, {0 the metal
vaiue collector device for which it is intended to be emploved as a reference sfandard,
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{0098]  inuse, a plurslity of metial value collector device reference standards, each
having a different known amount of metal value adsorbed thereon, may be used to
establish a calibration curve 1o allow determination of a concentration of metal value in
a sample after analysis by the methods and systems described herein. The calibration
curve may be established by suitable analytical techniques corresponding o the
datector and the specific metal value, as will be understood by thosse skilled in the art.

[0088]  Referring to Figurs 1,2 metal value collector device (10} comprising =& dise
{12) of activated carbon cloth is shown. The disc (12} is circular-shaped and sized so
as to conform to the shape and size of an analysis window {not shown) of a detecior,
such as a pXRF datecior,

[0100]  In an alternative embodiment, the metal value collsctor device may comprise
a bad of adsorbent materiad, such as aclivated carbon granules or anion exchangs

resin beads. The bad may be shaped and sized for association with the detector. For
example, the bed may be contained in a vessel having an interior space which defines

the bed of adsorbent material,

0101 Inthis particular embodiment, the vessst may be configured to allow X-ray
radiation to inferact with the bed of adsorbent material. For sxample, the vessel may
be provided with 2 base wall or a closure that is at least near-transparent to X-ray
raciation. The vessel containing the bed of adsorbent material may be pusitioned wilh
respect to the analysis window of the pXRF so that the transparent base wall or

closure abuts the analysis window of the pXRF.

01021 Inuse, a fixed amount of the activated carbon granules or the anion exchange
resin beads may be contained within a mesh bag. After adsorbing the gold thereon,
the contents of the mesh bag may be washed and a bed of said activated carbon
granules or anion exchange resin beads may be laid flat on the analysis window of the
pXRF,

01031 Alternatively, the activated carbon granules or anion exchange resin beads
may be poured info a vessel having an interior space which defines the bed of
adsorbent material, In this particular embodiment, the vessel may be configured to
aliow X-ray radiation to interact with the bed of adsorbent materiat formed therein, For
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exampie, the vessel may have a base fabricated from a material that is near-
transparent o X-ray radigtion. The base of the vesssl may be placed on the analysis
window of the pXRF to faciiitate measurement of the axtracted metal value adsorbed
on the bed of activated carbon granules or anion exchangs resin beads.

SAMPLE PREPARATION DEVICE

(0104]  The present disclosure also provides a sample preparation device for
preparing a sample containing low-lavel metal value for metal value analysis by a
detector.

101051 Referring to Figure 2, the sample preparation device (14) may include a
vassel {18) for receiving a sample containing a metal value, a fixed amount of a
digestion composition or a digestion tablet, and a digestion medium. Preferably, the
vessal (16} is fabricated from a material that is inert to reaction with the sample,
digestion composition or digestion tablet and the digestion medium. Sulteble materials
may include, but are not limited to, glass or plastics materials commonly used in
analytical laboratories, as will be well known to those skilled in the art. Gensrally,

these materials will be rigid.

101081 In siternative smbodiments (not shown}, the vessel may be fabricated from a
flexible material, such as a plastics material used for the production of food or
beverage storage pouches or bags. Such ‘bladder-like” vessels may be convenient in
a remote incation, as they can be stored and transported flat and oooupy iess space

than conventionat rigid plastic bottles,

01071 The vessel {18) is provided with a closure (18] to aliow the vessel (18} to bs
closed and its contents o be agitated without spilags. The vessel (18) and the
closure {18} may be complementary o one another. For exampie, 3 neck {(20) of the
vesss! {18) and the closure (18) may be provided with complementary fhreading so
that the closura {(18) may be serewed on and off the neck (20) of the vessel {18). In
alternative embodiments (not shown), the closure may be configired to be efther
snap-fitted aver the neck of the vessel or bunged inlo the neck of the vessel, Other

suitable complementary arrangements will be apparent lo the skitled parson in the art.
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(108] The sample preparation device {14} also includes the metal value coliscior
davice {10} as described previously. 1t will be appreciated that the neck {20} of the
vessel (18) will be shaped and sized to allow the metal vaiue collector device (10} to
be readily inserted and refrieved from the vesse! {18},

[0108] The closure (18) and the melal value collector device (10} may be coupled in
a manner whersby the metal value colleclor device (10 may be conveniantly retrisved
from the vessel {18) by ramoving the closure (18) therefrom. For exampls, the closurs
{18} and the meial value collector device (10} may be coupled by an slongate slement
{22). The slongate element (22} may be fabricated from a malerial thalis inert to
reaction with the sampls, digestion composition or digestion tablet and the digsstion

medium,

[0110]  The slongate element (22) may be flexible. For example, the slongate
slement {(22) may be a plastic cable, wirs or thread fabricated from nyion or
nolyethylens or any other plastics material that s commonly used in analytical
iaboratories.

01191 in this particular embodiment, the maetal value collector devics is housad in a

protective covering {24}, such as a sealed mesh bag as previously described.

10112 In alternative embodiments {nol shown}, the slongate slement may be rigid.
For example, the elongate element may be provided with a permeable housing for the
device (10).

(1131 in other embodiments, the closure and a protective covering of the metal
vaiue collscior device may be coupled in a manner whereby the metal value collector
device and the protective covering may be conveniently retrieved from the vessel by

removing the closurs tharefrom.

0114] i still further embodiments, the protective covering containing the metal vaive
collector device may not be coupled to the closurs by the slongate slement. In thess
particular embodiments, the metal valus collector device and the protective covering
may be retrieved from the vessel by pouring out the contents of the vessel.
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METHOD AND SYSTEM FOR PREPARING A SAMPLE

01181 The present disclosure also provides s method and a system for praparing a

sample containing low-level metal value for metal value analysis by a detecior,

(01181  The method for preparing a sample containing low-level metal value for metal
value analysis by a detecior comprises:

mixing said sample, an aikali compound and a metal liiviant in an amount
capable of extracting the metal value from said sample in & digestion medium to
produce a digestion midure; and,

contacting the digestion mixture with a metal vaiue collector device capable of
adsorbing the extracted metal vaiue from the digestion mixture, thereby concentrating
the extracted metal values, whersin the metal value colisctor device s shaped and

sized for association with a detector arranged (o delect the metal value,

01171 In some embodiments, the extracted metal valuss in the digestion mixturs are
soncantrated by adsorption on the metal value collector device to a concentration at or
above a deteciable threshold of a pXRF detecior.

1181 The samples that are preparsd by the methods as described herein may be
‘as-recaived’ or may underge comminution by one or more crushing, grinding and
milling processes prior to being prepared for analysis. The sample may undergo
ciassification {o select a fraction having a particle size < 250 microns, or even a

fraction having a particle size < 75 micron.

01191 1t will be appreciated that a desired particle size may be selected with regard
to the nature and type of sample. Even though a particutar size fraction of the sampis
may have the highest gold concentrations, it may well be that another particle size
fraction of the sample generates more consistent and meaningful dats with the
analysis methods desoribed herein. The desired particle size for 8 sample may bs
determined by experimental techniquas by “interactive sampling” as will be well

understond by those skifled in the arl.

(1201 In one embodiment, the alkall compound and the metal lixiviant may be

provided in a fixed amount of the digestion composition as previously desoribed.
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131211 in another embodiment, the alkali compound and the metal ixiviant may be

provided as a digestion tablet as previously described.

(01221 in one embodiment, the metal ikiviant is present in an amount sufficlent to
provide g concentration in the digestion mixture of from 1ppm, to 10000 ppm. The

amount of alkall compound is sufficient to maintain pH > 10 in the digestion mixture.

01231 The metal valus collector device may be as previously described. In some
smbodiments, the metal value collector device may be pretreated to oplimise the
surface for adsorbing metal value. For example, the metal value collector device may
be contacted with dilule (e.g. 0.1 M) nitric acid for thres hours then washed in

delonised water,
[0124] The mixing step and the contacting step may be performed simultansously.

[128]  The mixing step and the contacting step may be performed over a perlod of
about 12-24 hours. B will be appreciated that the period may be shortened by
increasing the temperature of the digestion mixture above ambient temperature or by
increasing the concentration of meatal lixiviant in the digestion mixture. In locations
with ambient temperature < 10 °C, it may be necessary in practice o take suitable
measures o ensure that the temperature of the digestion mikure is mainfained al 8

temperaiure 218 °C.

10428] The mixing step and the contacting step may be performed by agitating the
metal value collector devics, the sampile, the alkall compound, the metal Bxiviant and
the digestion madium in 8 container, such as a vessel. The vessel may be agitated to
mix it contents. The vesseal may be closed so that the vessel may be agitated without
spiliage of its contenis. The vesss! may be agitated by any one of several
conventional technigues such as rolling, shaking, spinning. Alternatively, the contents

of the container may be agitated by mechanically stirring the contents,

101271 After completion of the mixing and contacting steps, the matal vaiue collector
device with the adsorbed metal value therson {and, optionally the protective covering)
may be retrieved from the container, rinsed with water to remaove any residual sample

particulate materials, then air-dried.
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I0128]  In embodiments where the matal lixiviant is a cyanide salt, the digestion
mixture remaining in the container must be neutralised prior (o disposal (o reduge the
potential hazard for generation of toxic hydrogen cyanide gas. A stoichiometric excess
of an oxidising agent agent such as chioring dioxide {e.g. in the form of swimming podd
tabiets or housahold louid bleach) or potassium permanganate (KMnGQ,) (Condy's
crystals) may be used to oxidise the cyvanids into less toxic reaction products (8.g.
manganese dioxide, nitrogen gas, carbon dioxide and potassium hydroxide). The
neutralised solution may then be disposed without harm 1o the environment or

parsennsh.

10128]  Various embodiments of the above method may be performed by using a
system for preparing a sample containing low-level metal value for metal value

analysis by a detector, such as an XRF, in particular a pXRF detecior.

[0130] Said system comprises a digestion compaosition or a digestion tablet
containing an alkall compound and & metal lixiviant in an amount capable of exdracting
the metal value from said sampls in 8 digestion medium. The digestion composition

as previously described may be provided in a fixed amount {or multiples thereof),

[0131]  The system may also comprise a vessal for receiving the sample containing
the matal value, the digestion composition or the digestion tablet, and the digestion
medium. In one smbodiment, the vessel has a closure to aliow the vessel to be
agitated without spiflage of its contents and thereby produce a digestion mixture
comprising said sample and the digestion composition or the digestion tablet dissolved

in the digestion madium,
101321 The vessel and the closure may be as previcusly described,

[0133] The system may also comprise a metal value collector device. The melal
value collector devics is capable of adsorbing the extracted metal value from the
digestion mixture, thereby concantrating the extracted metal values. The metal valus
sollector device is shaped and sized for association with a detector arranged to datect

the metal valus.
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101341 in one embodiment, the metal value collsctor device may be as previously
described. The metal value collestor device may be coupled to the closure by an
glongate slement as pravicusly described {0 assist refrieval of the metal value coliector

device after sample preparation.

METHOD AND SYSTEM FOR METAL VALUE ANALYSIS

[0135]  The present disclosure also provides a method and system for metal value
analysis of a sample contalning low-level metal values.

10138] The method of analysing a sample containing & metal value at low-levels
comprises the sleps of

providing a digestion mixture comprising said sample and a digestion
composition or a digestion tablst containing an alkall compound and a metal iiviant in
an amount capable of extracting the metal valus from sald sample in a digestion
madium;

contacting the digestion mixture with a metal value colisclor device capable of
adsorbing the extracted metal value thereon, thereby concentrating the exiracted
matal values;

associating the metal value collector device having the extracted metal vaiug
adsorbed thereon with & detector, and,

maasuring 8 conceniration of adsorbad matal valus on the metal value coliector

device with the detecior.

0137 The digestion mixture may be prepared as previously described.  Similarly,
the step of contacting the digestion mixture with a metal value colisctor device may ha

parformed as previously described.

[0938] Associating the metal value collector device with the detector comprises
nlacing the metal value collector device on the analysis window of the detector. i will
be appreciated from the foregoing discussion that the metal value colisclor device is

shaped and sized to conform to the detection window of the delector.
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(31381 Measuring the concentration of adsorbed metal value on the metal valus
collector device comprises operating the detector according to the manufaciurer's

instructions.

(31401 The system for metal value analysis of a sampis containing low-leval metal
valug comprises:

a digestion composition or a digestion tablet containing an alkali compound and
a metal lixiviant in an amount capable of extracting the metal value from said sample
inn & digestion medium,

a metal value collector device capable of adsorbing the metal value from a
digestion mixiure comprising said sample and the digestion composition or the
digestion table dissolved in the digestion medium, thereby concentrating the metal
values; and,

a detector arranged to detect the metal value adsorbed on the metal value
collector device, wherein the metal value collector davice is shaped and sized for
association with the detector.

0141]  In one embodiment, the detector is an XRF, preferably 2 pARF detsclor. An
example of & commerciaily available pXRF detector that is suitable for performing the
methods as described hereln include, but are not imited to, the pXRF detector
manufactured by Olympus {&.g. Olympus Innovx Delta Premium DP-6000-C}.

(01421 iIn one embodiment the system further comprises a control device for
controfiing the detector. The control device may comprise a memory for storing data,
interpreting concentrations and operation software, a controller that provides a user
interface, and an axternal port for export of dala.

101431 A touch responsive dispiay {not shown} may be providad to present
information to an operator (for instance data representing the concentration of goid
adsorbed on the metal value collector device) and to accspt operator inpul. The XRF
analyzer will typically include 3 wired (for instance a USE) or a wirseless
communications port to enable the uploading and downloading of data, softwars, and
sther information to and from an externaliremote computer It will be apprecisted by
narsons skilled in the art that numerous varlations and/or modifications may pa made

1o the above-described embadiments, without depariing from the broad gensral scops
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of the present disclosure. The present embodiments are, thersfore, {0 be considered
in all respects as Hustrative and not restrictive.

Exampis

[0144]  The invention is further iustrated by the following example. The exampie is
provided for Hlustrative purposes only. it is not to be construsd as miling the scope or
content of the invention in any way.

[0145]  Geological samples from a selection of sifes were collected and brought back
{o a field base camp. The samples were sieved and 250-500 g of sach sample having
a particls size less than 250 micron was separated for sample preparation and
analysis by pXRF.

[0148] The sample (380 ¢) and water (0.71) were piaced in a plastic bottls togsther
with a digestion {ablel as described previously A dise (25 mm diameter) of activated
garbon cloth is also placed in the plastic boitle. One end of a length of plastic cable
thread is attached to the protective mesh covering which contains the dise and the
opposing end of the length of plastic cable thread is attached to & screw cap closure
which threadably males with the plastic botlle.

01471 The screw cap closure is threaded onto the plastic bottle and then the plastic
bottle is gently agitsted using & powsred rolling device for 24 hours at ambient
temperature to mix the digestion tabist, the sample with the water thereby producing 2
digestion mixture, and o contact the digestion mixture with the disc of activated

carbon cloth o adsorb the exiracted gold therefrom.

10148]  After 24 hours, the plastic bottle and is contenis are removed from the rofling
device and the screw cap closurs s removed from the plastic bottie to retrieve the disc

of activated carbon cloth with adsorbed extractad gold.

i0148]  The dise may be rinsed with water to remove any loose particulate material
{e.g. particles of rock, clay, sand or soff), then air-dried and placed on the analysis
window of the pXRF.
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{01501 An XRF analysis for gold (and optionally other metals) s parformed and the
concentration of gold adsorbed on the disc of activated carbon cloth is reported. B will
be appraciated that the measured concentration of gold adsorbed on the dise of
activated carbon cloth is not an absolute measurement of the concentration of gold in
the geological sample but rather it is dirsctly proportional o the concentration of gold
in the geological sampis and the size of the disc.

[3151] After completion of the sample preparation as described above, the free
cyanide remaining in the digestion mixture in the plastic bottle may be oxidised o
remove @ potential hazard of generating toxic hydrogen cyanide gas. A stoichiomeatric
excess of an oxidising agent such as chiorine dioxide {s.g. in the form of swimming
poot tablets or househokd lquid bleach} or potassium permanganate (Condy's crystals)
oxidises the cyanide info less toxic reaction products {.g. manganese dicxids,
nitrogen gas, carbon dioxide and potassium hydroxide). The resulling solution may

then be disposed without harm {o the snvironment or personnel,

[0152] Figures 3a and 3b shows respactive XRF spectra for gold adsorbed on the
metal value collector davice as described herain and an As-rich geologica! sample
containing about 30 ppm gold. The spectrum shown in Figure 3a is a spectrum (5 ~
15 kaV) of 2 carbon cloth 1000 standard containing gold extracted from 1L of a 1 ppm
solution (equivalent 1o 4 ppm Au in & 250 g sample}, using a 40 kV, 4W Rh-tube, Della
innov-X Olympus pXRF unit, location of relevant ensrgy peaks as annotated. Note the
closs corespondence between the location of the Zn, W and gold peaks al ~8.8 keV,
and the gold and As peaks at ~11.5 keV. There is no As or W adsorbed on the metal
valus collector device. Gold can be measured on its L-beta peak at 11.44 keV, but not
its L-alpha peak at 8.71 kaV dus o the presence of Zn,

f0153] With respect to Figure 3b, the As peak at ~11.7 keV interferes with the goid
paak at ~11.4 keV; for this sample, gold may be measurad on its L-alpha paak at 8.71
kel but this has spectral interferences from W and Zn which are typically present in
gold-bearing samples. Note that the deconvolution algorithms in this pXRF unit reliss
on region-of-interest methods o deconvolve the spectra and are not capable of
switching peaksfregions 1o bypass potentially interfering glements present in the

sampls,



[0154] Figure 4 shows a calibration curve of concentration of goid {pphy v pXRF
courds from which gold concentrations in a sample may be caicuiated.

0158]  Figures § and 8, show the marging of error in measurement of gold adsorbed
on carbon granules (G and activated carbon cloth (CC) at low and high goid
concentrations, respectively. The size of the error measursd at low gold
concentrations is consistently lowsr when gold is adsorbed on activated carbon cloth
rather than carbon granules, whereas the error for high gold concentrations is similar

regardiess of whether gold is adsorbed on activated carbon cloth or carbon granuies.

[D186] Figure 7 shows a graphical representation of XRF concentrations for goid
adsorbed on carbon from a sample that has besn digested by the methods described
hersin comparad with gold expected in the sample based on independent laboratory
measurements and resulis. Comparisons between expscted data and actual data
produced R? = 0.8003. Aliquots of in-house standards were diluted with barren gquanz
to a set weight of 250 g to produce a regression coefficient for expected ve actual dala
of R = {.8083 (Figurs 7).



CLAIRS:

1. A matal value collscior device capable of adsorbing & metal value thereon
from a digestion mixiure, thereby concentrating the metal value from the digestion
mixture, whersin the metal value collector device is shaped and sized for association
with a detector arranged to detect the metal values,

2. A metal value collector device refersnce standard comprising a plate of
adsorbent material having a known amourt of metal valus adsorbed therson, wherein
the plate is shaped and sized for association with a deteclor arranged {o detect the

known amount of metal value,

3. The mstal value collector device of claim 1 comprising a plate of adsorbent
material.
i, The metal value collector device of claim 3, wherein the plate is shaped and

sized for association with an analysis window of the delector,

5. The metal value collecior device of anv one of olaims 1 to 4, wherein the

adsorbent material is a textile material.

&. The metal value collecior device of claim §, wherain the textile material is an

activated carbon cloth.

7. The metal valus collector device of any one of claims 1 or 3o §, further

comprising a profective covering.

8. The metal value sollector device of claim 7, wherein the protective covering

comprises a mesh bag.

8, The metal value collector deviee of olaim 1 comprising a bad of adsorbent

material.
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18, The metal value collector device of claim 8, wherein the bed of adsorbent

material is defined by an interior space of a vessel containing the adsorbant material,

11 The metal value collector device of claim 8 or claim 10 comprising activated

carbon granules or ion exchange resin beads.

12. A sample preparation device for preparing 2 sample contalning low-level
matal value for metal value analysis by a detector, whersin sald device comprises:

a vessel for receiving a sample containing a matal value, a digastion
composition or a digestion tablet, and a digestion mediumy,

a closure for the vessal fo aliow the vessel {o be agitated and thereby produce a
digestion mixiure comprising extracted metal value and the digestion compaosition or
the digestion tablet dissclved in the digestion medium; and,

a metal value collector device capable of adsorbing the extracled metal value
theraon from the digestion mixture, thersby concentrating the extracted melal value,
wherain the metal value collector device is shaped and sized for association with a
detecior arranged fo detect the extracted metal value adsorbed on the metal value
collector device, wherein the closurs and the metal valus collector device are coupled
in & manner whereby the metal value collector device is refrieved from the vessel by

removing the closurs therafrom,

13 The device of clalm 12 wherein the closure and the metal value collector

device ars coupled by an elongats element.

14, The davice of claim 11, wherein the siongate element is flexible.
18. The device of claim 11 wherein the elongate slement is rigid.
18. The device of claim 18, wherein the elongate slemeant is a permeabie housing

for the metal value coliscior device,

17. The device of any one of claims 13 to 18, wherein the closurs is coupled to a
srotective covering containing the metal value coliector device by the elongate

agleament,



18. A system for preparing & sample containing low-level metal valus for metal
value analysis by a detector comprising:

a digestion composition or a digestion tablet containing an alkali compound and
a metal ixiviant in an amount capable of exdracting the metal value from said sample
inn & digastion meadium,

a vessel for receiving the sampls containing the metal value, a digestion
composition or a digestion tablet, and a digestion medium, the vessel having a closure
for the vessel 1o allow the vessel to be agiiated and thereby produce 2 digestion
mixture comprising extracted metal valus and the digestion composition or the
digestion tabist dissoived in the digestion medium; and,

& metal value collector device capable of adsorbing the sxiracted melal value
from the digestion mixiure, thereby concentrating the extracied metal values, wherein
the matal value collactor device is shaped and sized for association with a detector

arrangad 1o detect the metal value.

18, A method for preparing a sample containing low-level metal value for metal
valug analysis by a delector comprising:

mixing said sample, a digestion medium and a digestion composition or &
digastion fablet containing an alkali compound and a metal Hxiviant in an amount
capable of extracting the metal value from said sample in the digestion medium i
produce a digestion mixture; and,

contacting the digestion mixture with & metal value colisclor device capable of
adsorbing the extracted metal value from the digestion midure, thereby concentrating
the extracted metal value, wherein the metal value collector device is shaped and

sized for association with a detector srranged to detect the metal value,

20 A system for metal value analysis of & sample containing low-level melal
valus comprising:

a digestion composition or a digestion tablet containing an alkali compound and
a metal Ixiviant in an amount capabie of exiracting the metal value from said sample
in a digestion mesdium;

a metsl value collector device capable of adsorbing extracted metal value from a
digastion mixture comprising the digsstion medium, said sample and the digestion

somposition or the digestion table dissolved in the digestion medium, therehy



concentrating the extracted metal valus; and,

a detector arranged to detect the exiracted melal valus adsorbed on the metal
value collector devics, wherein the metal value collector device is shaped and sized
for association with the detedlior,

21, The system of claim 20 further comprising a control device for controfiing the
detecior.

22 The system of claim 21, wherein the confrol device comprises a memory for
storing data and operation software, a confroller that provides a user interface, and an
enxdternal port for sxport of dala.

33 The system of any one of claims 20 {o 22, whersin the detector is an Xeray

fluorescence (XRF) detector.

24, A method of anslysing a sample containing a metal value at low-levels
comptising the steps of:

providing a digestion mixture comprising said sample, a digestion medium and a
digestion composition or a digestion tablet containing an alkall compound and a metal
xiviant in an amount capable of extracting the metal value from sald sample in the
digestion medium,

contacting the digestion mixture with a metal valus collector device capable of
adsorbing the exiracted metal valus therson, thereby concentrating the extracted
metatl valuse;

associating the metal value coliector device having the exiracted metal value
adsarbed thereon with a detsclor; and,

measuring a concentration of adsorbed metal value on the metal value collector

device with the delector,

25, A digestion composition comprising a metal lixiviant and an akali compound,

28, The digsstion composition according to claim 25 further comprising an
accelerant andfor 2 pH indicalor,



27, A digestion tablet comprising a core portion containing a metal iddviant, a
laver of alkali compound encompassing the core portion, and an overcoat layer

comprising a water soluble or waler dispersible polymer.

28, A digestion tablet comprising a core portion containing a mbdurs of a metal
lixiviant and an alkall compound, and an overceat layer comprising & waler soluble or
water dispersible polymer,

8. The composition of clalm 28 or claim 28, or the digestion tablet of claims 27 or
28, wherein the metal lixiviant is In an amount sufficient to extract 2 metal value from g
digestion mixturs comprising a sample containing low-levels of the metal value, the
digastion composition or the digestion tablet, and a digestion medium,

30. The composition of any one of claims 25, 24 or 29 or the digestion tablet of
any one of claims 27 {0 28, wherein the digestion medium is 5 solvent in which the
digestion composition or the digestion tablet is soluble.

3. The composition of claim 30 or the digestion tabist of claim 30, wherein the
sohvant is an agusous solvent,

32. The composition of any one of dlaims 25, 28, 28 to 31 or the digestion tablet
of any one of claims 27 1o 31, wherein the digestion mbdure comprises from ippm o
10000 ppm metald lixiviant,

33 The composition of any one of claims 25, 28, 29 to 32 or the digestion tablet
of any one of claims 27 to 32, wherein the metal lidviant is a water soluble cyanide

compound.

34, The composition of any ona of claims 25, 28, 28 {o 32 or the digestion tabist
of any one of claims 27 to 32, wherein the metal lixiviant is 8 water soluble

{hiosulphate compound.

35, The composition of any one of claims 2§, 28, 20 o 32 or the digestion lablet
of any one of claims 27 to 32, wherein the metal lixiviant is & water soluble fodide

compound.
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38, The composition of any one of claims 25, 28, 28 {o 38 or the digestion tablat
of any one of claims 27 to 35, further comprising an acceisrant selected from a group
comprising: an alkali or alkall earth metal peroxide, an alkall or alkall sarth metal
parcarbonate, an organic peroxide or an organic percarbonate..

a7, The composition of any one of claims 22, 23, 24 1o 36 or the digestion tablel
of any one of claims 24 to 38, wherein the alkali compound s an alkali melal
hydroxide, an alkaline sarth metal hydroxide, Hme {Ca0), soda (N0, ora

combination thereof.

38, The composition of any one of claims 22, 23, 28 to 37 or the digestion tablet
of any ong of claims 24 to 37, wherein the alkall compound is present in an amount

sufficient to maintain the pH of the digestion mixture above pH 10

38. The composition of any one of claims 22, 23, 26 to 38 or the digestion tablet
of any one of claims 24 to 38 further comprising an lonic salt in an amount sufficient o

maintain an ionic strength of the digestion mikdure to at least 0.1M.

44, A digestion composition of any one of claims 22, 23, 28tc 38 forusein g
system according to oiaim 18 or method according o claim 18 for preparing a sample

containing low-leve!l metal value for metal value analysis by a detector.

41, A digestion tablet of any one of claims 24 to 38 for use in a system according
to claim 18 or method according to daim 19 for preparing a sample containing low-

level metat value for metal value analysis by a detector.

42, A digestion composition of any one of claims 22, 23, 28 o 38 forusein g
system according to claim 20 or method according to claim 24 for analysing a sample

containing a metal value at low levels.

43. A digestion tablet of any one of claims 24 to 40 for use In a sysiem according
to olaim 20 or mathod according to olalm 24 for analysing a sample containing & metal

value at low levels,
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