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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

This International Standard describes a method for the determination of the mass fraction of gold
and silver in copper, lead, and zinc sulfide concentrates. This International Standard was prepared
to enable laboratories to determine the mass fraction of gold and silver in suitable samples using
instrumental methods.

vi © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=9fd3c4ef92c870f95d51266f95a176a4

INTERNATIONAL STANDARD
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Copper, lead and zinc sulfide concentrates —
Determination of gold and silver — Fire assay gravimetric
and flame atomic absorption spectrometric method

WARNING — This International Standard may involve hazardous materials, operations,
and equipment. It is the responsibility of the user of this International Standard to establish

prior to use.

1

This| International Standard specifies a fire assay gravimetric and flame atomic
spectrometric method for the determination of the mass fraction of goldand silver in copp

zinc

2
The

indigpensable~for- its application. For dated references, only the edition cited applies. |
referfences, thelatest edition of the referenced document (including any amendments) appl

ISO 385, Laboratory glassware — Burettes

limitations

TTCTIITC Yy O r regtutatoty

$cope

bulfide concentrates as follows.
Lopper concentrates

The method is applicable to the determination of mass fractions of gold from 0,5 g/t to
of mass fractions of silver from 25 g/t to 1 500 g/t in cepper sulfide concentrates conf]
fractions of copper from 15 % to 60 %.

I.ead concentrates

The method is applicable to the determination’of mass fractions of gold from 0,1 g/t t
f mass fractions of silver from 200 g/t to-8 500 g/t in lead sulfide concentrates cont]
fractions of lead from 10 % to 80 %.

Zinc concentrates

The method is applicable to the determination of mass fractions of gold from 0,1 g/t t
of mass fractions of silverfrom 10 g/t to 800 g/t in zinc sulfide concentrates cont
fractions of zinc up to 60 %:

Normative references

following docwments, in whole or in part, are normatively referenced in this docunj

absorption
er, lead, and

300 g/tand
Qining mass

b 25 g/t and
aining mass

b 12 g/t and
hining mass

ent and are
For undated
es.

ISO 648, Laboratory glassware — Single-volume pipettes

ISO

1042, Laboratory glassware — One-mark volumetric flasks

ISO 3696, Water for analytical laboratory use — Specification and test methods

ISO 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity and for use

ISO 9599, Copper, lead and zinc sulfide concentrates — Determination of hygroscopic moisture in the
analysis sample — Gravimetric method
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3 Principle

3.1 General

Fire assaying for the determination of gold and silver comprises a series of steps to separate firstly the
precious metals from most of the associated metals, followed by separation of the gold from silver and
other metals pre-concentrated into a precious-metal alloy.

The stages t

3.2 Fusion

hat comprise the determinations are described in 3.2 to 3.6 inclusive.

The sample
conditions,

3.3 Cupe

The base m
oxidizing fu
of other metf

3.4 Parti]

rollects the precious metals in a metallic lead button.

[lation

bion. Cupellation produces a bead largely comprising a silver-gold alloy with small quan
als.

ng

Gold is separated from the primary bead by treatment with nitticacid. The gold prill is weighed.

prills havin
absorption 4

3.5 Retrdg

All residues|
either gold

visible after
metals by A

3.6 Corrgd

Contaminat
without the

4 Reage

During the

pectrometry (AAS). Silver is determined in theparting solution by AAS.

atment

are retreated to maximize the recoyery of gold and silver. The addition of collector
pr silver is not required, as both.inétals are present in sufficient amounts to be re
the cupellation stage. The second bead is dissolved in acids followed by analysis of
AS.

ction for blank contamination

on by gold and silver impurities in the reagents is corrected for by fusing the rea
test portion.

hts

hnalysis, use only reagents of recognized analytical grade and water that complies

grade 2 of I

5 are fused in a crucible after mixing with a litharge-based flux which, under-reducing

ptals present in the lead button are substantially separated from thé precious metals by

fities

Gold

b a mass less than 50 pg are dissolved in aqua regia and the gold is determined by atiomic

s for
adily
both

rents

with

0.3696.

4.1 Sodiu

m carbonate, anhydrous.

4.2 Litharge (Pb0), assay grade having a mass fraction of gold of less than 0,01 g/t and a mass fraction
of silver of less than 0,2 g/t.

4.3 Silica,

precipitated.

4.4 Potassium nitrate or sodium nitrate

NOTE If

sodium nitrate is used, the masses specified for potassium nitrate will have to be modified:
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85,0

= g of NaNO,
Flour
Borax, fused anhydrous sodium tetraborate (borax glass powder).

Nitric acid, concentrated (p29 1,42 g/ml), chloride concentration <0,5 pg/ml.

Nitric acid, diluted 1+1.

ly add 500 ml of concentrated nitric acid (4.7) to 500 ml of water, while stirring.

Lead, foil, having a mass fraction of gold of less than 0,01 g/t and a mass fraction of
0,2 g/t.

Silver, of minimum purity 99,99 %.
Hydrochloric acid (p20 1,16 g/ml to 1,19 g/ml).

Thiourea, 10 g/1 solution.

| g of thiourea to 100 ml of water.

Aqua regia

hree parts of hydrochloric acid (4.11) withione part of nitric acid (4.7). Prepare freshly

Standard solutions

lard solutions should be prepared at the same ambient temperature as that af
'minations will be conducted:

1 Silver, standard stock-solution A (500 pg of Ag/ml).

C acid (4.8), and~warm to dissolve. Cool and add 20 ml of concentrated nitric acid (4.7)

a 1 000 ml volumetric flask, fill up with water nearly to the mark, mix and cool to room t

then

4.14

fill up exactly to the mark and mix again.

2 Silver, standard solution B (50 pg of Ag/ml).

silver of less

as required.

which the

h 0,500 0 g of silver-inetal to the nearest 0,1 mg. Transfer to a 100 ml beaker, add 20 1l of diluted

Transfer to
bmperature;

Pipe

Ha10 00 ml of cilvar ctandard ctaclk calution A (A 14 1) inta 2 100 ml valumaotric
6o oo H—O—ShHYVe S e a5t eK SOt 0 A (ara - HHt0—a— oo VOrHHRe e

lask, fill up

with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

Prepare a fresh solution per batch.

4.14.3 Gold, standard solution (1 000 pg of Au/ml).

Weigh 1,000 g of gold metal to the nearest 0,1 mg. Transfer to a 200 ml beaker, add 25 ml of aqua regia
solution (4.13), and warm to dissolve. Cool and transfer to a 1 000 ml volumetric flask. Add 75 ml of
hydrochloric acid (4.11), fill up nearly to the mark with water, mix and cool to room temperature; then
fill up exactly to the mark and mix again.
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4.14.4 Gold and silver, standard solution (100 pg of Au/ml + 50 pg of Ag/ml).

Pipette 10,00 ml of silver standard stock solution A (4.14.1) into a 100 ml volumetric flask. Add 40 ml
of hydrochloric acid (4.11). Pipette 10,00 ml of gold standard solution (4.14.3) into the volumetric flask.
Fill up nearly to the mark with water, mix and cool to room temperature; then fill up exactly to the

mark and mix again.

4,15 Calibration solutions

Calibration solutions should be prepared at the same ambient temperature as that at which the
determinations will be conducted.

4.15.1 Gold/silver calibration solutions

Pipette 0,0 1
series of 10

Add 40 mlo
room tempe

These solut

nl, 1,00 ml, 2,00 ml, 5,00 ml, and 10,00 ml of gold and silver standard solution((4:14.4) into a

ml one-mark volumetric flasks.

f hydrochloric acid (4.11) to each flask, fill up nearly to the mark with.water, mix and cq
rature; then fill up exactly to the mark and mix again.

ons contain 0,0 pg of Au/ml, 1,00 pg of Au/ml, 2,00 pg of Ay/ml, 5,00 pg of Au/ml

ol to

and

10,00 pg of Au/ml; and 0,0 pg of Ag/ml, 0,50 pg of Ag/ml, 1,00 pg of Ag/mily 2,50 pg of Ag/ml, and 5,00 pg
of Ag/ml, and shall be freshly prepared.

4.15.2 Silver calibration solutions

Pipette 0,0 nl, 1,00 ml, 2,00 ml, 4,00 ml, 6,00 ml, 8,00 m,I*and 10,00 ml of silver standard solutjon B
(4.14.2) into|a series of 100 ml volumetric flasks. Add 10 milof nitric acid (4.7), fill up nearly to the jnark
with water, mix and cool to room temperature; then filNgp exactly to the mark and mix again.

These solutions contain 0,0 ug of Ag/ml, 0,50 pg of'Ag/ml, 1,00 pg of Ag/ml, 2,00 ug of Ag/ml, 3,00 jug of
Ag/ml, 4,00|ug of Ag/ml, and 5,00 pg of Ag/ml, anid shall be freshly prepared.

Contaminatjon by gold and silver impurities’in the reagents is corrected for by fusing the reagents
without the|test portion.

5 Apparatus

5.1 Assay|crucible furnace; with a maximum required operating temperature of 1 200 °C.

5.2 Muffle furnace; 'with a maximum required operating temperature of 1 100 °C. Temperfture

indication, automatie-temperature control, and controlled air flow are preferable.

5.3 Assayj

crucibles, made of fire clay, of nominal capacity 200 ml to 600 ml, capable of withstanding

corrosion by the samples and fluxes at 1 100 °C.

The crucible shall be of such a size that the charge does not fill the crucible to a depth greater than 3/4
the depth of the crucible.

5.4 Cupels, made of magnesium oxide, or bone-ash cupels having a nominal capacity of 50 g of molten

lead.

The inside bottom of the cupel shall be concave, as recommended in the fire assay texts referred to in
the Bibliography.

5.5 Conical mould, made of cast iron, of sufficient capacity to contain all of the molten lead plus slag
from the crucible fusion.

© ISO 2016 - All rights reserved
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5.6 Analytical balance, sensitive to 1 mg.
5.7 Microbalance, sensitive to 1 pg or less.
5.8 Ordinary laboratory glassware, washed free of chlorides.

5.9 Volumetric glassware, of class A complying with ISO 385, ISO 648, and ISO 1042, and used in
accordance with ISO 4787.

5.10_Atomic absorption spectrometer (AAS), equipped with background correction and a glass bead
in the spray chamber.

5.11| Inductively coupled plasma (ICP) atomic emission spectrometer.
5.12( Pulverizer.

5.13| Hotplate.

6 S$ample

6.1 | Test sample
Preppre an air-equilibrated test sample in accordancewith ISO 9599.

NOTH A test sample is not required if predried testportions are to be used (see Annex A).

6.2 | Test portion

Takipg multiple increments, extract a\test portion from the test sample in such a manrer that it is
representative of the whole contents‘ef the dish or tray. Weigh to the nearest 1 mg approxjmately 10 g
to 2( g of the test sample. At the Same time as test portions are being weighed for analysis, weigh test
portions for the determination of‘hygroscopic moisture in accordance with ISO 9599.

NOTE1  The precision of determination of the mass of contained gold in a lot is the sum of §ampling and
analytical precision. The presence of particulate gold in a concentrate contributes to imprecision of the analytical
component of total pre€ision. When it has been established that the presence of particulate gold in 4 concentrate
causgs unacceptabledniprecision, the following mixing and sampling methods are recommended.

a) Mix the sample by either of the following preferred mixing methods as described in ISO 12743:R006:

— 15.3.2«c)pstrip mixing;

— 15.3)2 ¢), riffle, or rotary divider.

Mixing methods in items a), b), and d) in 1SO 12743:2006, 15.3.2 are not recommended.

b) Extractatestportion from the test sample using either of the following methods described in ISO 12743:2006:
— 15.4.1 a), rotary sample division;

— 15.4.1 f), ribbon division.

Methods in items b) to e) and g) in 1SO 12743:2006, 15.4.1 are not recommended.

Alternatively, the method specified in Annex A may be used to prepare predried test portions directly
from the laboratory sample.

© IS0 2016 - All rights reserved 5
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If a mass fraction of arsenic above 2 % is present in the sample, this element should be removed by

following th

NOTE 2

e procedure in Annex J; otherwise, interference with the cupellation stage may occur.

fourth paragraph of 7.4).

For lead con

centrates, the test portion should be 10 g to ensure an adequate supply of lead.

7 Procedure

If the mass fraction of copper is greater than 30 %, a 10 g or 15 g test portion is preferable (see the

Carry out the determinations at least in duplicate, as far as possible under repeatability conditions, on
each test saple.

NOTE1 Re¢peatability conditions exist where mutually independent test results are obtained with the [same
method on identical test material in the same laboratory by the same operator using the same-equipment, within
short intervalls of time.

NOTE 2  In[the case where the ratio of silver to gold does not exceed 2,5 to 1 and\the procedure specified in
7.10 is carried out for the silver determination, separate determinations for gold and'silver will be necessary (see
Annex D). Foyir test portions, therefore, are required, i.e. two for determinations of gold and two for silver.

NOTE 3 AInex I contains a flowsheet of the method.

7.2 Trialjfusion

Carry out a rial fusion as described in Annex B, to ensure‘that the mass of the lead button is between
30 gand 45g.

7.3 Blank tests

Carry out a|reagent blank test as described_in Annex C in parallel with the analysis, using the fame
quantities of all reagents, with the addition of sufficient flour (4.5) to the flux to give a lead buttpn of
between 30| g and 45 g. Omit the test-portion and the potassium nitrate. The total blank should not
exceed 5 pglof gold or 100 ug of silver.

7.4 Charge preparation

Determine fhe mass of petassium nitrate (4.4) and flour (4.5) required in the charge, as indicated by
the trial fusjion (see Annéx B), and include this reagent in the flux mixture. Typical masses of thg flux
componentq for copper, lead, and zinc concentrates are shown in Tables 1 to 3 respectively.
Thoroughly|mix the test portion with a flux.

Intimate mi 1115 offhix LUllllJUllClltD atrd-the-test pot tonis-vet Yy illllJUl tartAH e \,uuq}uucu‘(o should

be in a finely divided state with a preferred particle size of less than 0,5 mm.

© ISO 2016 - All rights reserved
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Table 1 — Typical masses of flux components for copper concentrates

Flux components MZSS
Sodium carbonate (4.1) 30
Litharge (4.2) 210
Silica (4.3) 25
Potassium nitrate (4.4) —
Flour (4.5) —
Test portion 20

If the mass fraction of copper is greater than 30 %, the mass of litharge should be.30 tjmes that of
copper plus 35 g for the lead button. Alternatively, a 10 g or 15 g test portion can beused while retaining
the flux composition given in Table 1. If there are difficulties experienced in achieving a fljiid melt, the

amouynt of silica recommended in Table 1 can be reduced to 19 g, while including’6 g borax.

Table 2 — Typical masses of flux components for lead,concentrates

Flux components Mass,'g
Sodium carbonate (4.1) 30
Litharge (4.2) 100
Silica (4.3) 10
Borax (4.6) 10
Potassium nitrate (4.4) —
Flour (4.5) —
Test portion 10

Table 3 — Typical masses of flux components for zinc concentrates

Flux components Mass, g
Sodium carbonate (4.1) 30
Litharge (4.2) 120
Silica (4.3) 10
Borax (4.6) 10
Potassium nitrate (4.4) —
Flour (4.5) —
Test portion 20

Place the mixture in an assay crucible (5.3).

7.5 Primary fusion

Place the crucibles in the furnace (5.1) preheated to approximately 900 °C.

If oil-fired or gas-fired furnaces are used, the fuel should be turned off immediately before opening the

furnace.

Slowly raise the furnace temperature to 1 000 °C to 1 050 °C. Maintain this temperature until the fusion
has been tranquil for at least 10 min.

© ISO 2016 - All rights reserved
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The optimum furnace setting temperature depends on the furnace structure and the position of the
thermometer. If unfused material remains in the bottom of assay crucibles, the setting temperature of
the furnace should be raised and the assay repeated.

To minimize crucible corrosion and build-up of impurities in the lead button, the overall fusion time
should not exceed 40 min. However, should the fusion take an extended time to settle, the fusion time
may need to exceed 40 min.

It is recommended that a fire-clay lid or a layer of salt or borax approximately 12 mm thick be used with
this fusion to prevent loss of material by dusting or ebullition. If borax is used as a cover, the amount
used in the flux may be reduced accordingly. If some “shotting” of the lead is noted in the slag (this is

3 i + Dt o dod a2l o 1 + L L o pa |
common forrzine-eoneentt atesy s tretommmenaea tiat tne exXtra voraxoeTetamet:

Pour the mikture into a dry conical mould (5.5), taking care that no loss of lead or slag occurs. Reserve
the crucible|for retreatment fusion.

Allow the mfixture to cool and carefully separate the lead button from the slag. Hammerthe lead buyitton
as necessary to remove any small particles of adhering slag. Reserve the slag for retreatment.

Weigh the lgad button. If the button weighs less than 30 g or more than 45 g, digscard the button and slag
and repeat the assay after appropriate adjustment of the oxidizing agent (see Aiinex B).

NOTE Buittons weighing less than 30 g may show poor collection efficiencies, whereas those exceeding 45 g
may contain higher amounts of copper and other base metals.

7.6 Cupellation

Place the ledd button obtained in 7.5 into a preheated cupel (5.4) in a muffle furnace (5.2) at 900 °C. Allow
the cupellation to proceed at the lower muffle temperature-of approximately 860 °C with a steady air|flow.

Variations depend on the cupel type and furnace conditions. In the case of cupels made of bone gsh, a
cupellation femperature of 820 °C is recommended:

NOTE1 Infthe case where only gold is being determined, it could be effective to raise the furnace temperpture
to 900 °C to finish the cupellation after the visible lead melt on the cupel is approximately 10 mm in diageter
[approximatgly 80 % (mass fraction) of lead a@bsorbed].

High cupelldtion temperatures will ¢ause higher silver losses and low temperatures can cause “freeging”
of the bead|and incomplete cupgliation. It is recommended that loss of silver during the cupellation
process be determined, to decide upon the furnace conditions (see Annex E).

Remove the[cupel from thé furnace and cool.

Carefully exftract the-primary bead and remove any adhering cupel material with a brush. Flattep the
bead slightly and place in a 30 ml porcelain crucible.

NOTE 2  Atfest tube can be used instead of a porcelain crucible.

NOTE 3  If the ratio of silver to gold in the primary bead is greater than 2,5 to 1, the silver can be determined
by the gravimetric method instead of the procedure specified in 7.10. For the gravimetric method, weigh the
primary bead, in micrograms, to the nearest 1 pg (mp), carry out the parting by the procedure specified in 7.8,
and determine the impurities in the parting solutions and washings by the procedure specified in Annex G.

NOTE 4  Ifit is difficult to recover the bead because of its small size, 1 mg of palladium can be added before
fusion. In this case, the palladium bead is dissolved and determined by the procedure specified in 7.9.

Reserve the cupel for retreatment of residues.

7.7 Retreatment of residues

Place both the cupel and the slag in a pulverizer (5.12) and pulverize for about 20 s to reduce the
material to minus 150 pum.

8 © IS0 2016 - All rights reserved
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If magnesium cupels are used, it is recommended that the slag and the cupel be retreated separately.

NOTE 1

NOTE 2

Longer grinding can cause caking of the material and heating of the grinding barrel.

The pulverizer may be cleaned between samples by grinding small portions of broken glass or quartz.

Thoroughly mix the ground residues with a flux. Typical composition of the flux is shown in Table 4.

Table 4 — Typical masses of flux components for the retreatment of residues

The
45 g
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in Tﬂble 4, may exceed the capacity of the assay crucibles,-or the re-fusion may be so reac

Mass, g
Flux components — - - - — - -
NMdgIITSTUIIl UATUT CUpcI DUIIT a5 tuUpciI
Sodium carbonate (4.1) 50 to 60 40
Litharge (4.2) 50 to 60 45
Silica (4.3) 50 to 60 20,
Flour (4.4) 4 2to 3
Borax (4.6) 30to 50 15

mass of flour shown in Table 4 is typical. The mass should be sufficient to produ
lead button.

rombined mass of slag and cupel of the primary fusion,Sin-addition to the flux compq

ns may froth over. In these cases, it is permissible to-split the residues into equal haly
Fately in two crucibles. The lead buttons obtained“should be cupelled separately, or
her and the resultant lead button cupelled.

the mixture in the original assay crucible,
y out the fusion as detailed in 7.5 and discard the crucible and slag.

| the lead button as detailed in 76 o obtain a second bead and discard the cupel.

Determination of gold-in the primary bead

10 ml of dilute nitric-acid (4.8) to the primary bead in the porcelain crucible preparg
cently on a hotplate(5:13) for 20 min or until the reaction ceases.

1 Itis essentialthat chloride be absent during parting; otherwise, some of the gold may di

h the bead istreated with hot dilute nitric acid, silver will start to dissolve provided t
ver to_gold in the bead exceeds 2,5 to 1. The rate of dissolution increases with incr
ion ofsilver of the bead. Rapid attack of the bead should be avoided by further diluti
ng'te prevent disintegration of the gold. Should the ratio of silver to gold be less thar

show

re a 30 g to

nents given
five that the
es and fuse
be scorified

d in 7.6 and

tsolve.

hat the ratio
Pasing mass
on and slow
2,5to 1, as

nhv failure to partin hot dilute nitric acid the bead should he inqnnrfpd (cpp Annex [

).

If there is danger of the gold sponge crumbling during the parting operation, it is recommended that the
operation be carried out with sulfuric acid (see Annex F).

Carefully pour the solution into a 200 ml beaker by decantation to avoid losses.

Add 15 ml of warm dilute nitric acid (4.8) to the porcelain crucible and continue heating gently until
parting is complete. This should take approximately 25 min.
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Carefully pour the solution into the 200 ml beaker by decantation to avoid losses. Wash the crucible and
gold with four 15 ml volumes of hot water. Collect all the washings in the same 200 ml beaker. Reserve

the solution

NOTE 2

for the determination of silver as specified in 7.10.

The possibility of gold particles occurring in the collected parting and washing solutions can be

determined by evaporating the solutions slowly down to 2 ml to 3 ml, then continuing with the determination as
specified in 7.9.

Dry the gold sponge in the porcelain crucible on the hotplate.

Place the crucible in the muffle furnace (5.2) to anneal the gold at dull red heat for approximately 5 min.

Cool and we
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7.9 Detel

For blanks a
the parting

Transfer thd
warm in a h
and heat ag
solution, or

The solutior]

1gh the resultant gold prill, in micrograms, to the nearest 1 pg (mz).

bf the gold is less than 50 pg, it is recommended that the gold be dissolved and detern;
dure specified in 7.9.

bf the gold is less than 50 pg, repeat the fusion and cupellation, then dissolve the pre
termine the gold and silver concentration as specified in 7.9 without theparting oper4
itive procedure is recommended where there is a danger of the gold sponge crum
arting operation. The procedure, however, cannot be applied if the_product of mass o
hass fraction of silver, i.e. mass in test portion, is larger than 7 500 pg.

the sensitivity of the microbalance is 0,1 pg, the applicable range'of the gravimetric method ¢
ug of gold. In such a case, weigh the gold prill, in micrograms;to‘the nearest 0,1 ug (my).

gold prill to determine silver in the prill. The prill is«dissolved and the silver concentr
bd as specified in 7.9. Several of the weighed prills'of the same laboratory sample cg
r the determination.

d palladium are removed from the prill duriftg parting with nitric acid. If the determin
ments remaining in the prill is considered necessary, determine these by the proce
7.9, followed by the addition of platinum-and palladium to the standard solutions in relg
. If a sufficient detection limit for:AAS or ICP cannot be obtained on a single prill ba
r of prills of the same laboratory sample should be combined.

mination of gold and silver in secondary beads and blanks, and of silver in p

nd samples determingd by the procedure specified in the fourth last paragraph of 7.8 wit
bperation, the prim@any and secondary beads should be combined and treated together.

bead(s) or prill(s) to a test tube or a porcelain crucible. Add 2 ml of nitric acid (4.7
eating block'éra sand bath set at approximately 98 °C. Add 6 ml of hydrochloric acid (
hin to disSelve the gold. If necessary, add a further 2 ml of nitric acid (4.7). Take the 4
fhat prepared according to Annex C, and heat almost to dryness.

should not be allowed to evaporate to dryness; otherwise, metallic gold will form.

lined
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htion
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vant
Sis, a

rills
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4.11)
bove

Remove the test tube or the crucible from the heating block or the sand bath and allow cooling. Add
10 ml of hydrochloric acid (4.11) and mix or swirl to dissolve any salts. Transfer quantitatively to a 50 ml
volumetric flask, add 10 ml of hydrochloric acid (4.11), make up to the mark with water, and mix well.

Depending upon the mass fraction of silver (see Annex K), it may be necessary to make dilutions so that
the concentration of silver in the test solutions is in the range covered by the silver calibration solutions
(4.15.1). Hydrochloric acid (4.11) should be added so that 40 ml of the acid is contained per 100 ml of the
diluted test solutions.

Aspirate the test solutions and gold/silver calibration solutions (4.15.1) into the atomic absorption
spectrometer (5.10) and measure the absorbance. As a guide, the atomic absorption settings shown
in Table 5 are recommended; however, the instrument should be optimized to be free from any
interference and to give maximum sensitivity and as near as practical to a linear relationship between
absorbance and concentration.
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Table 5 — Recommended atomic absorption settings

Gold |
air/acetylene (oxidizing)
242,8 nm 328,1 nm
4 mA 5mA
on off
optimize for maximum signal
3s

Parameter Silver

Flame

Wavelength

Lamp current

Background corrector

Aspiration rate

Integration time

Number of integrations 5

Absorbance of 5 pg/ml calibration solution 0,17 0,55

rm three measurements on each test solution and calibration solutienh.“Calcula

bd 0,003 absorbance units. If this range is exceeded, repeat the measurement.

der to clean out the nebulizer system, it is recommended to aspirate a cleaning soluti
stance, prepared by carefully adding 500 ml of hydrochloric acid\(4.11) and 100 ml of c
C acid (4.7) to 400 ml of water, between measurements.

a calibration graph of absorbance versus concentratién and determine the gold a
bntrations, in micrograms per millilitre, in the test solutions, followed by calculation
in micrograms, of the gold and/or silver using Formula (1):

1, =p x TDF

is the mass concentration of gold:and/or silver;
'DF is the total dilution factor.

natively, an ICP atomic emission spectrometer (5.11) can be used for the determinatioj
I at the appropriate wavelength. Typical wavelengths are 242,8 nm for gold and 328,1 nj
bver, the instrument Should be optimized to be free from any interference and to giv
tivity and as near @9 practical to a linear relationship between absorbance and conc
" to improve the‘precision, it is recommended that a simultaneous internal standard c

hg all AAS'or ICP determinations, the test solutions and calibration solutions should h4
erature;as well as the same acid concentration.

e, to three

[ficant figures, the mean absorbance for each solution, provided that the-range of vallies does not

bn, which is,
oncentrated

nd/or silver
of the mass

e8]

1 of gold and
m for silver;
e maximum
entration. In
brrection be

ve the same

Determination of silver in the parting solution

een parted from the gold as indicated in 7.8.

This determination is applicable where the ratio of silver to gold is greater than 2,5 to 1 and the silver

NOTE 2  The silver can be determined by the gravimetric method instead of the procedure specified in this
subclause. For the gravimetric method, determine the impurities in the parting solutions and washings by the
procedure specified in Annex G.

Take the parting solutions and washings, which were reserved in 7.8. Heat to evaporate to approximately
20 ml, cool, and then add 2 ml of nitric acid (4.8). Transfer quantitatively to a 100 ml volumetric flask,
make up to the mark with water, and mix well.

If the solution turns cloudy, add 1 % of thiourea solution (4.12) drop by drop, while stirring until the
solution is clear. Add 2 ml in excess, then dilute to volume.
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Depending upon the mass fraction of silver (see Annex K), it may be necessary to make dilutions so that
the concentration of silver in the test solutions is in the range covered by silver calibration solutions
(4.15.2). Nitric acid (4.7) should be added so that 10 ml of the acid is contained per 100 ml of the diluted
test solutions.

Aspirate the test solutions and silver calibration solutions (4.15.2) into the atomic absorption
spectrometer (5.10) and measure the absorbance. As a guide, the atomic absorption settings shown
in Table 5 are recommended; however, the instrument should be optimized to be free from any
interference and to give maximum sensitivity, and as near as practical to a linear relationship between
absorbance and concentration.

Perform th
significant fj
exceed 0,00

Plot a calibr]
micrograms
of the silver

Alternativel
at the apprd
optimized t

[, an ICP atomic emission spectrometer (5.11) can be used for thé-determination of {

CU 111Casul ClllClltD Ull Cﬂbh tCDt oulutiuu Cllld \,a}ibl ﬂt;Ull ou}utiuu. Cq}\,u}atc, tU
igures, the mean absorbance for each solution, provided that the range of values doe
B absorbance units. If this range is exceeded, repeat the measurement.

htion graph of absorbance versus concentration and determine the silver concentratio
per millilitre, in the test solutions, followed by calculation of the mass (mg)yinh microgi
using Formula (1).

priate wavelength. A typical wavelength is 328,1 nm; howeverf; the instrument shou
b be free from any interference and to give maximum sensijtivity and as near as pra

hree
S not

NS, in
ams,

ilver
Id be
rtical

to a linear relationship between absorbance and concentration. In ordex‘to improve the precision, it is
recommended that a simultaneous internal standard correction be @addpted. Yttrium is generallyjused
as an internpl standard.
During all A|AS or ICP determinations, the test solutions and.cdlibration solutions should have the same
temperaturg, as well as the same acid concentration.
8 Expression of results
8.1 Mass|fraction of gold
The mass fraction of gold of the test portion (way), expressed in grams per tonne, is given by Formulh (2):
w. =M +my —(mg +mggr ) — s, +¥myy 100 )
Au m 100—H
where
my is the mass, in micrograms, of gold obtained in the primary bead (as weighed or as
detetmined by AAS);
my iscthe mass, in micrograms, of gold in the secondary bead;
mB + th ;D thc IIIdS S, ill lllibl Usl dalllrs, Uf Suld ill thc Pl ;lllal y blall}\ bcad \,Ulllbillcd \A4 ;th thc I aSS
of gold in the secondary blank bead;
ms is the mass, in micrograms, of silver remaining in the prill (in the case of AAS being
used to obtain mq, ms = 0);
mwy is the mass, in micrograms, of gold in the parting and washing solutions;
is the mass, in grams, of the test portion;
H is the hygroscopic moisture content, in percent, of the test portion (in the case of a pre-
dried test portion being used, H = 0).
12 © IS0 2016 - All rights reserved
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8.2 Mass fraction of silver

If the silver is determined by the procedure specified in 7.10, the mass fraction of silver of the test
portion (wag), expressed in grams per tonne, is given by Formula (3):

m3 +my —(mg +mgg )+ Ms 100
WAg = X (3)
m 100-H
where
m3 is the mass, in micrograms, of silver in the parting and washing solutions;
M4 is the mass, in micrograms, of silver in the residue recovered;

mp + mpRr is the mass, in micrograms, of silver in the blank primary bead combined with the mass
of silver in the blank determination of the residue recovered;

ms is the mass, in micrograms, of silver remaining in the prill;
m is the mass, in grams, of the test portion;
N is the hygroscopic moisture content, in percent, of the)test portion (in the cqse of a pre-

dried test portion being used, H = 0).

If complete recovery of silver during the cupellation process is not obtained, correct the mass fraction
of silyer of the test portion (see Annex E).

If the silver is determined by the gravimetric methdd instead of the procedure specified in 7.10, the
masgq fraction of silver of the test portion (wag), expressed in grams per tonne, is given by Fprmula (4):

mgy —my +my —(mg +mgr)+ms — My y 100

e~ m 100-H ()
wherre
mno is the mass, in mietograms, of the primary bead;
1 is the mass, inthicrograms, of gold obtained in the primary bead (as weighefd or as
determined by AAS);
mnaq is the.mass, in micrograms, of silver in the residue recovered;

mp + mpr _isthe mass, in micrograms, of silver in the blank primary bead combined with the mass
of silver in the blank determination of the residue recovered;

mns is the mass, in micrograms, of silver remaining in the prill;

Mimp 1S the total mass, In micrograms, of Impurities in the parting and washing solutions
obtained by the procedure specified in Annex G;

is the mass, in grams, of the test portion;

is the hygroscopic moisture content, in percent, of the test portion (in the case of a pre-
dried test portion being used, H = 0).

If complete recovery of silver during the cupellation process is not obtained, correct the mass fraction
of silver of the test portion (see Annex E).
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9 Precision

9.1 Expression of precision
The precision of this analytical method is expressed by the following formulae:

Zinc concentrates

Gold
$,=0,0225X+0,0325 (5)
S, =0,004X+0,0571 (6)
Silver
S.=0,0091X +2,0575 (7)
S, =0,0166 X+5,7750 (8)

Lead conceptrates

Gold
5,.=0,0309X+0,0336 9)
S, =0,0p82X +0,0553 (10)
Silver
5,=0,0032X+5,8438 (11)
5. =0,0032X +16,9747 (12)

Copper confcentrates

Gold
5,.=0,0044X +0,2422 (13)
5. =0,0082X +0,2651 (14)
Silver
$,=0,0075X+0,9688 (15)
5. =0,0109X+2,1558 (16)
where

X is the mean mass fraction of gold or silver, in grams per tonne, in the sample;

14 © IS0 2016 - All rights reserved
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Sy is the within-laboratory standard deviation, in grams of gold or silver per tonne;
SL is the between-laboratories standard deviation, in grams of gold or silver per tonne.

NOTE Additional information is given in Annex L.

9.2 Method for obtaining the final result (see Annex H)

Calculate the following quantities from the duplicate results X; and X2 and process according to the
flowsheet in Annex H:

X1+ X9
2

=

fean of duplicates X = a7)

Withlin-laboratory standard deviation
Zinc|concentrates
Gold determination

§,=0,0225X +0,0325 (18)

Silvdr determination

4,=0,0091X +2,0575 (19)

Lead concentrates
Gold| determination

§,=0,0309 X +0,0336 (20)

Silvdr determination

4,=0,0032X +5,8438 (21)

Copper concentrates
Gold determination

9, =0,0044%+0,2422 (22)

Silvar determination

§.=0,0075X+0,9688 (23)

Repeatability limit
e=2,8S, (24)

9.3 Precision between laboratories

The precision between laboratories is used to determine the agreement between the results reported
by two (or more) laboratories. It is assumed that all the laboratories followed the same procedure.

Calculate the following quantities:
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Mean of final results

big= Hq szﬂz
Between-laboratories standard deviation
Zinc concentrates

Gold determination

S.=0,0504 g, , +0.0571

(25)

(26)

Silver determination

S.=0,0166 17 5 +5,7750

Lead conceptrates
Gold determination

S, =0,0582 iy 5 +0,0553

Silver determination

SL 20,0)32‘111,2 +16,9747

Copper coIentrates

Gold determination

S1.=0,0084 uy,+0,2651

Silver determination

SL=0,0009 iy, +2,1558

Within-labofratory standard(eviation
Zinc concentrates
Gold determination

S, =0,0225 % 5 +0,0325

(27)

(28)

(29)

(30)

(31)

(32)

Silver determination

§,=0,0091 iy 5 +2,0575

Lead concentrates

16

(33)
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Gold determination

S, =0,0309 pty , +0,0336 (34)

Silver determination

S, =0,0032 ;5 +5,8438 (35)

Copper concentrates

Golddetermination

9, =0,0044 ;5 +0,2422 (36)

Silvar determination

9, =0,0075 ui; , +0,9688 (37)

Pernjissible difference

_ 2 SE
B=2,8,|S{+ . (38)

Range

Iy

=|u1 + | (39)

where
41 is the final result, in grams of gold or silver per tonne, reported by laboratory 1;
d2 is the final result, in grams-of gold or silver per tonne, reported by laboratory 2.

If E i$ less than or equal to P, the)final results are in agreement.
9.4 | Check of trueness

9.4.1 General

The frueness{of the analytical method can be checked by applying it to a certified refereIce material
(CRM). Theprocedure is the same as that described in Clause 7. When the precision has been confirmed,
the finaldaboratory result can be compared with the certified value, Ac.

h 11 Ll + LA LR L
T e UHOWIITE tWO DUSSIUIILICES €XISU.

|,uc _AC|SC (4’0)

If this condition exists, the difference between the reported result and the certified value is statistically
insignificant.

luec—Ac|>C (41)

If this condition exists, the difference between the reported result and the certified value is
statistically significant.
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(40) and (41), the symbols have the following meanings:

is the final result, in grams of gold or silver per tonne, of the certified reference material;

ence material used, as defined in 9.4.2.

9.4.2 Typ

e of certified reference material (CRM) or reference material (RM)

The referen

ISO Guide 35

9.4.2.1 Rg

The quantit

FRDULI | 1 C i 1 111 1 1 P I 1
C HI4dLTTI4IS USTU TUL LIS PUurpuosc SIIUUIU UT pIcpdiTu dllu CTIUTICTU I dLLUTUdIILT

D.

tference material certified/characterized by an interlaboratory test programme

y C (see 9.4.1), in grams of gold or silver per tonne, is given by Formula (24:

czz\/sJ

where
S2{A.}id
n i

9.4.2.2 Rg

The quantit

cerfe

NOTE It
is known to h

10 Test report

the variance of the certified value;

the number of replicate determinations.

tference material certified/characterized by one laboratory

y C (see 9.4.1), in grams of gold or silver, per tonne, is given by Formula (43):

S

2
S1 +
n

is recommended that this tylpe of certified reference material be avoided, unless the particulay
ave an unbiased certified\vdlue.

ort shall inelide the following information:
ration efithe sample;

re-to'this International Standard, i.e. ISO 10378;

The test rep,
a) identifi
b) referen
c)
d)
e) dateon
f)
18

mass fraction of gold of the sample, expressed in grams per tonne;

mass fraction of silver of the sample, expressed in grams per tonne;

which the test was carried out;

is the certified value, in grams of gold or silver per tonne, of the certified reference material;

is a quantity, in grams of gold or silver per tonne, depending on the type of the certified refer-

with

(42)

(43)

CRM

any occurrences noticed during the determination that may have had an influence on the results.
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Annex A
(normative)

Procedure for the preparation and determination of the mass of a

predried test portion

A1l

This
porti
lead,
contg

A.2

General

on in the analysis of copper, lead, and zinc sulfide concentrates. The methodAis@pplicab
and zinc sulfide concentrates not susceptible to oxidation and having- hygroscop
ents ranging from 0,05 % to 2 %.

Principle

The qut portion to be used for analysis is dried in air in an oven maintained at 105°C+5°C. T

port

A3

A.3.]

WAR
and
spec
and

on is then weighed and used for the analysis. No correction for hygroscopic moisture is

Reagents

Desiccant, such as self-indicating silica ge};or anhydrous magnesium perchlorate.

NING — Care needs to be taken whenever disposing of exhausted magnesium }J
all other laboratory chemicals. Environmental regulations often apply. Users §
ialist’s advice to determine an appropriate, effective, health-conscious, safety
environmentally sound means.of disposal.

Annex specifies a method for the preparation and determination of the mass$ of a predried test

le to copper,
ic moisture

he dried test
required.

perchlorate
hould seek
-conscious,

nally-fitting

possible, i.e.

A.4 | Apparatus

Ordihary laboratory equipment, and the following.

A.4.1 Analyticalbalance, sensitive to 0,1 mg.

A.4.2 Weighing vessels, of glass or silica or corrosion-resistant metal, with exter
airtight cavers.

For gmall test portions (of mass less than 3 g), the mass of the vessel shall be as small as
less than 20 g.

A.4.3 Laboratory oven, capable of maintaining a temperature of 105 °C + 5 °C.

A5

Procedure

A.5.1 Preparation of the weighing vessel

Dry the weighing vessel and its cover (A.4.2) by heating in the laboratory oven (A.4.3) at 105°C £ 5 °C
for 1 h. Transfer the vessel and its cover to a desiccator containing a suitable fresh desiccant (A.3.1) and
allow cooling to ambient temperature.

© ISO
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A.5.2 Test portion

Tare the dried weighing vessel and its cover (A.5.1). Immediately add the mass of laboratory sample
specified for analysis. An accurate total mass of the test portion and weighing vessel is not required
at this point.

A.5.3 Determination of the dry mass of test portion

Transfer the uncovered weighing vessel containing the test portion and the vessel cover to the
laboratory oven (A.4.3) and dry at 105 °C + 5 °C for 2 h. After the 2 h period, remove the weighing vessel
and dry test portion from the oven, replace the vessel cover, and allow cooling to ambient temperature

in the desic(
cover from
quickly repl
reweigh the

For new con
105°C+5°
nearest 0,1

between mg
weighing st

A.6 Calculation of the dry mass of the test portion

The dry maj
mg = meg
where

mg ist
my ist

The mass of
laboratory {

!

ator. When cool, remove the welghing vessel containing the dry test portion and the v
the desiccator and weigh to the nearest 0,1 mg (mg), after slightly lifting the covel
hcing it. Transfer the test portion into the appropriate analytical apparatus and immedji
empty weighing vessel and its cover. Record the mass (m7) to the nearest 0,lcmg!

centrates of unknown characteristics, it is advisable to repeat the dryingfetr another
[ and to reweigh the weighing vessel containing the test portion and thewessel cover t
mg (mg). The mass of the test portion can be considered to be cohstant if the diffeq

and my is less than or equal to 0,5 mg. If this condition is nat achieved, the drying
eps should be repeated.

s of the test portion (mg), in grams, is given by Formula (A.1):

_m7

e mass, in grams, of the dried testpertion plus the weighing vessel and its cover;
e mass, in grams, of the empty weighing vessel plus its cover.

the dry test portion is the-mass to be used to calculate the mass fraction of element i
ample on a dry basis,-No-Correction for hygroscopic moisture is required.

lessel
and
ately

P h at
o the
ence

r and

(A1)

n the

20
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Annex B
(normative)

Trial fusion

B.1 General

The
redufring power of the test sample.

A trial fusion is carried out to ensure that the test fusion yields a lead button of mass betw:
45 g.

B.2

Mix a test portion with the appropriate masses of flux components. Typical masses of flux
for cppper, lead, and zinc concentrates are shown in Tables 1 to3)respectively.

Carry out the fusion as specified in 7.5.

Weigh the lead button obtained from the fusion. If the batton weighs less than 30 g or more {
adjugtment of the oxidizing/reducing properties of the fusion mixture may be made using t

mass of oxidizing agent, potassium nitrate or sodium nitrate (4.4) in the charge dep

Procedure

ends on the

ben 30 g and

components

han 45 g, an
he following

apprpximations:

a) the addition of 1 g of potassium nitrate will decrease the button mass by 4 g;

b) Yariations in the mass of the test portion will affect the button size according to the following
gdpproximation: 1 g of sulfur in the test portion will yield approximately 19 g of lead;

c) forroasted samples or other.samples not giving at least 30 g of lead button, flour (4.5) n

o increase the reducing properties of the charge; the flour shall be thoroughly mixed w
¢omponents in the charge (for information, 1 g of flour gives approximately 10 gto 12 g

ay be added
th the other
of lead).
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Blank determination

C.1 General

A blank determination is carried out to determine the mass fraction of gold and silver of the“gssay
reagents, principally litharge. It is recommended that the blank determination be performed isrduplicate.

C.2 Procedure

Thoroughly|mix the flux components with sufficient flour (4.5). Typical masses(of)flux components for
copper, lead| and zinc concentrates are shown in Tables 1 to 3, respectively, and’potassium nitrate|(4.4)
should be oitted from the components. The amount of flour (4.5) is usually 3 g to 4 g, as a reducing
agent to produce a lead button of 30 g to 45 g.

Continue th¢ blank determination in accordance with 7.5 to 7.7.

Combine the¢ primary and secondary blank beads and determirie-the gold and silver concentratipn of
the blank sdlutions in accordance with 7.9.
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Inquartation

General

To er
this

How
inqu
be dd
spec

If thd
the 1
the p
wash

NOTH
to giy

NOTIH
silver

Silve
of th
The 1
elem|

D.2
Weig
Add

Wrapp the bead and the silver together in 0,5 g of lead foil (4.9), cupel in accordance with 7.4

silve

isure complete parting of the bead, the ratio of silver to gold has to exceed 2,5 to 1rBe
Fatio is not reached, i.e. those in which the mass fraction of gold exceeds 30y% ar

hrted bead, and so separate determinations for gold and silver will be negessary. The
termined by inquartation in accordance with this annex, and the silver by the dissolu
fied in 7.9 without the parting operation.

silver is determined by the gravimetric method instead of the proeedure specified iy
rimary bead before the inquartation. Inquart the bead in accordance with this anne
arting by the procedure specified in 7.8, and determine thempurities in the parting
ing by the procedure specified in Annex G.

1  If the approximate silver to gold ratio is known to beless than 2,5 to 1, the appropriate
e aratio of 4 to 1 can be added prior to the first fusion.

2 If the mass of the gold is less than 50 pg, the:bead can be dissolved without parting and
concentration can be determined as specified,ins29. In such cases, inquartation is not necessg

' should be determined by the method dn 7.9 without parting, provided that the proq
b test portion by mass fraction of the silver, i.e. mass in the test portion, is smaller th
est portion of 20 g, therefore, is too-much to determine the silver, where the mass fr
ent exceeds 325 g/t.

Procedure
h the bead prior toahy attempt at parting (my).

h mass of silvep-(410) sufficient to obtain a silver to gold ratio of 4 to 1.

F-rich bead and determine the mass fraction of gold as specified in 7.8.

hds in which
b inquarted.

bver, in cases where the silver is determined by AAS or ICP, the silver cannotde.deterinined in the

gold should
tion method

7.10, weigh
X, carry out
olution and

nass of silver

the gold and
ry.

luct of mass
hn 7 500 pg.
hction of the

b to obtain a
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Determination of vaporization loss of silver during the

cupellation process

E.1 Gene€

To preventl
specified in
to decide up

If complete

E.2 Proc

Weigh the s
lead foil (4.9
with 7.7 and

Add 10 ml o
(5.13) for 2d

Determine 9

E.3 Calculation of loss of silver during’the cupellation process

Loss of silve

Ly, =—

8

where

ral

bss of silver during the cupellation process, itis very important that furnace conditions

on the furnace conditions.

recovery is not obtained, the mass fraction of silver of the test portiomshall be correct

pdure

hme mass of silver (4.10) as the mass fraction of silver inthe’test portion. Wrap it in 4
) and cupel in accordance with 7.6 to obtain a silver bead. Retreat the cupel in accord
combine the primary and secondary beads in the pércelain crucible.

f dilute nitric acid (4.8) to the beads in the porcélain crucible and heat gently on a hot
min, or until the reaction ceases.

ilver concentration of the solutions in accordance with 7.10.

r during the cupellation process (Lag), expressed in percent, is given by Formula (E.1):

—™M 100

m

the mass, infiticrograms, of silver in the solutions;

the massyin micrograms, of the silver metal weighed.

be as

7.6. It is recommended that the loss of silver during the cupellation process/be’determjfined,

bd.

g of
ance

plate

(E.1)

E.4 Corr

betion of mass fraction of silver of the test pnrﬁnn

If sufficient recovery of silver during the cupellation process is not obtained, the mass fraction of silver
of the test portion (wkg) , expressed in grams per tonne, should be corrected by Formula (E.2):

!

w o o=—
48 100- Ly,

where

!

24

w
A2 4100

the loss of silver, in percent, calculated by Formula (E.1).

(E.2)

is the mass fraction of silver, in grams per tonne, of test portion calculated by Formula (3);
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Sulfuric acid — Parting

F.1 General

If th¢re is danger of the gold sponge crumbling during the parting operation, it is recommerjded that the
operftion be carried out with sulfuric acid.

F.2 | Reagent
F.2.1] Sulfuric acid, concentrated (p20 1,84 g/ml), chloride content <0;5;pg/ml.

F.2.2| Sulfuric acid, diluted 1 + 5.

Slow]ly add 200 ml of concentrated sulfuric acid (F.2.1) to 1 000 ml of water, while stirring.

F.3 | Apparatus

F.3.1] Parting flask, of capacity 60 ml.

F.4 | Procedure

Trangfer the bead prepared in 7.6 to aparting flask and add 5 ml to 20 ml of sulfuric acid (F.4.1). Dissolve
the sjlver by gently heating for 5 min to 10 min.

NOTHE 1 Itis essential that chloride be absent during parting; otherwise, some of the gold may dissolve.

Wheh the bead is treated.with hot sulfuric acid, silver will start to dissolve, provided that the ratio
of silver to gold in the\bead exceeds 2,5 to 1. The rate of dissolution increases with incrgasing mass
fractiion of silver of the bead. Rapid attack of the bead should be avoided by further dilutipn and slow
heating to prevent-disintegration of the gold. Should the ratio of silver to gold be less than 2,5 to 1 as
shown by failuxeto part in hot sulfuric acid, the bead should be inquarted (see Annex D).

Aftef cooling, carefully pour the solution into a 200 ml beaker by decantation to avoid losses.

Wash the flask and gold with several 10 ml to 20 ml volumes of dilute sulfuric acid (F.2.2),|followed by
several 10 ml to 20 ml volumes of hot water, and carefully pour the solutions into the 200 ml beaker by
decantation to avoid losses. Collect all the washings in the same 200 ml beaker.

Reserve the solution for the determination of silver as specified in 7.10.

For the determination of silver in 7.10, prepare the calibration solutions to contain the same
concentrations of sulfuric acid as the test solutions.

NOTE 2  The possibility of gold particles occurring in the collected parting and washing solutions can be
determined by evaporating the solutions slowly down to 2 ml to 3 m], then continuing with the determination as
specified in 7.9.

Fill the parting flask with water and cover with a 30 ml porcelain crucible. Turn the flask upside down
in order to sink the gold into the crucible. Remove the flask and discard the water in the crucible by
careful decantation.
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Dry the gold sponge in the porcelain crucible on the hotplate.
Place the crucible in the muffle furnace (5.2) to anneal the gold at dull red heat for approximately 5 min.
Cool and weigh the gold, in micrograms, to the nearest 1 pg (m1).

If the mass of the gold is less than 50 pg, it is recommended that the gold be dissolved and determined
by the procedure specified in 7.9.

If the mass of the gold is less than 50 pg, repeat the fusion and cupellation, then dissolve the prepared
bead and determine the gold and silver concentrations as specified in 7.9 without parting. This
procedure, however, cannot be applied if the product of mass of test portion by mass fraction of silver,
i.e. mass in fest portion, is larger than 7 500 pg.

If the sensitfivity of the microbalance is 0,1 pg, the applicable range of the gravimetric method cgn be
extended to|5 pg of gold. In such cases, weigh the gold prill, in micrograms, to the nearest,1°ug (n1).

Reserve the|gold prill to determine silver in the prill by combining several of the weighed prills gf the
same labordtory sample, dissolving these and determining the silver concentration'as specified in{7.9.

Platinum and palladium are removed from the prill during parting with nitric.acid. If the determinpation
of these elements remaining in the prill is considered necessary, determine these by the procddure
specified in [7.9 followed by the addition of platinum and palladium to the/standard solutions in rel¢vant
proportions| If a sufficient detection limit for AAS or ICP cannot be,gbtained on a single prill bakis, a
large numbeér of prills of the same laboratory sample should be combined.
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Determination of impurities in parting solutions and washings

G.1

General

If th{
accu
solut]

G.2

G.2.1

Slow
G.2.2
G.2.3
G.2.4
G.2.5
G.2.6
G.2.7

G.2.94

Stan
detel

G.2.94

Weig

Fate determination of silver. For this method, it is necessary to determine impurities in
ion and washing in accordance with this Annex.

Reagent

Hydrochloric acid, diluted 1 + 1.

ly add 500 ml of concentrated hydrochloric acid (4.11) to 500{ml of water, while stirrin
Bismuth, minimum purity 99,99 %.

Lead, minimum purity 99,99 %.

Palladium, minimum purity 99,99 %.

Platinum, minimum purity 99,99%.

Magnesium oxide, minimum purity 99 %.

Calcium carbonate, minimum purity 99,99 %.

Standard solutiens.

lard solutions, should be prepared at the same ambient temperature as that at
'minationsawill be conducted.

.1 Bismuth, standard stock solution A (500 pg of Bi/ml).

h“0)500 0 g of bismuth metal (G.2.2) to the nearest 0,1 mg. Transfer to a 100 ml beaks

of di

e mass fraction of silver in the sample is high, the gravimetric method is recommerl\ded for the

the parting

g.

which the

r, add 20 ml

ute nitric acid (4.8) and warm to dissolve. Cool and transfer to a T 000 mI volumetric flask, fill

up with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

G.2.8.2 Bismuth, standard solution B (20 pg of Bi/ml).

Pipette 10,00 ml of bismuth standard stock solution A (G.2.8.1) into a 250 ml volumetric flask, fill up
with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

© ISO

2016 - All rights reserved
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G.2.8.3 Lead, standard stock solution A (500 ug of Pb/ml).

Weigh 0,500 0 g of lead metal (G.2.3) to the nearest 0,1 mg. Transfer to a 100 ml beaker, add 20 ml of dilute
nitric acid (4.8) and warm to dissolve. Cool and transfer to a 1 000 ml volumetric flask, fill up with water
nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark and mix again.

G.2.8.4 Lead, standard solution B (10 pg of Pb/ml).

Pipette 10,00 ml of lead standard stock solution A (G.2.8.3) into a 500 ml volumetric flask, fill up
with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

G.2.8.5 Palladium, standard stock solution A (200 pg of Pd/ml).

Weigh 0,100
aqua regia (4
nearly to thg

G.2.8.6 Palladium, standard solution B (10 pg of Pd/ml).

Pipette 10,0
up with wat
and mix agg

G.2.8.7 Pl

Weigh 0,100
aqua regia (4
nearly to thg

G.2.8.8 Pl

Pipette 10,(
with water
and mix agd

G.2.8.9 Magnesium, standard:steck solution A (500 ug of Mg/ml).

Weigh 0,829
of dilute hy
flask, fill up

mark and mjix again:

0 g of palladium metal (G.2.4) to the nearest 0,1 mg. Transfer to a 100 ml beakér,add 10
t.13) and warm to dissolve. Cool and transfer to a 500 ml volumetric flask, filbup with v
b mark, mix and cool to room temperature; then fill up exactly to the markand mix agai

0 ml of palladium standard stock solution A (G.2.8.5) into,a 200 ml volumetric flas
er nearly to the mark, mix and cool to room temperature;then fill up exactly to the
in.

htinum, standard stock solution A (1 000 pg of Pt/ml):

0 g of platinum metal (G.2.5) to the nearest 0,1:mg. Transfer to a 100 ml beaker, add 10
1.13) and warm to dissolve. Cool and transferto a 100 ml volumetric flask, fill up with v
e mark, mix and cool to room temperature;-then fill up exactly to the mark and mix aga

htinum, standard solution B (50 pg of Pt/ml).

0 ml of platinum standard stock’solution A (G.2.8.7) to a 200 ml volumetric flask, f
nearly to the mark, mix and'cool to room temperature; then fill up exactly to the 1
in.

g of magnesium oxide (G.2.6) to the nearest 0,1 mg. Transfer to a 100 ml beaker, add 2
irochloric a€id-(G.2.1), and warm to dissolve. Cool and transfer to a 1 000 ml volum
with water\nearly to the mark, mix and cool to room temperature; then fill up exactly 4

G.2.8.10 M:anesium, standard solution B (5 pug of Mg/ml).

ml of
vater
n.

k, fill
mark

ml of
vater
n.

1l up
mark

0ml
etric
o the

Pipette 10,00 ml of magnesium standard stock solution A (G.2.8.9) into a 1 000 ml volumetric flask, fill
up with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

G.2.8.11 Calcium, standard stock solution A (500 pg of Ca/ml).

Weigh 1,249 0 g of calcium carbonate (G.2.7) to the nearest 0,1 mg. Transfer to a 100 ml beaker,
add 20 ml of dilute hydrochloric acid (G.2.1), and warm to dissolve. Cool and transfer to a 1 000 ml
volumetric flask, fill up with water nearly to the mark, mix and cool to room temperature; then fill up
exactly to the mark and mix again.
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G.2.8.12 Calcium, standard solution B (20 pg of Ca/ml).

Pipette 10,00 ml of calcium standard stock solution A (G.2.8.11) into a 250 ml volumetric flask, fill
up with water nearly to the mark, mix and cool to room temperature; then fill up exactly to the mark
and mix again.

G.2.9 Bismuth/lead/palladium/platinum/magnesium/calcium calibration solutions

Calibration solutions should be prepared at the same ambient temperature as that at which the
determinations will be conducted.

Pipet
stan

lard solution (G.2.8.4), palladium standard solution (G.2.8.6), platinum standard solut

magnesium standard solution (G.2.8.10), and calcium standard solution (G.2.8.12) inte_a se

one-J

Add
temp

Thes|
ml al
Pb, P
and

0,50

G.3

Take|
of aq
near

Aspi
solut
guid
shou
prac

mark volumetric flasks.

b ml of aqua regia (4.13) to each flask, fill up nearly to the mark with waten mix and ¢
erature; then fill up exactly to the mark and mix again.

e solutions contain 0,0 pg of Bi, Ca/ml, 0,40 pg of Bi, Ca /ml, 0,80 pgofBi, Ca /ml, 1,20
nd 2,00 ug of Bi, Ca /ml; 0,0 pg of Pb, Pd/ml, 0,20 pg of Pb, Pd /mil, 0,40 pg of Pb, Pd /nj
d /ml and 1,00 pg of Pb,Pd /ml; 0,0 pug of Pt/ml, 1,00 ug of Pt/m}'2,00 pg of Pt/ml, 3,00
5,00 pg of Pt/ml; and 0,0 pg of Mg/ml, 0,10 pug of Mg/ml, @,20 pug of Mg/ml, 0,30 pg of|
ug of Mg/ml, respectively, and shall be freshly prepared:

Procedure

the parting solutions and washings that werereserved in 7.8. Heat to evaporate to dryng
a regia (4.13) and warm to dissolve. Cool and transfer to a 50 ml volumetric flask, fill uj
y to the mark, mix and cool to room temperature; then fill up exactly to the mark and m

fate the test solutions and bismuth/lead/palladium/platinum/magnesium/calcium
ions (G.2.9) into the atomic abSorption spectrometer (5.10) and measure the absor
e, the atomic absorption settings shown in Table G.1 are recommended. However, the
Id be optimized to be free-ffrom any interference and to give maximum sensitivity an|
ical to a linear relationghip’between absorbance and concentration.

Table G.1 — Recommended atomic absorption settings

.2.8.2), lead

ion (G.2.8.8),

ries of 50 ml

ool to room

g of Bi, Ca /
11, 0,60 pg of
ug of Pt/ml
Mg/ml, and

bss. Add 5 ml
b with water

ix again.

calibration
bance. As a
instrument
d as near as

Parameter Bismuth Lead | Palladium | Platinum | Magnesium

Calcium

Flam|

e air/acetylene(oxidizing)

pO/acetylene

Wavq

length 223,1nm | 283,3nm 244,8 nm 265,9 nm 285,2 nm

422,7 nm

Lam

cufrént 10 mA 5mA 5 mA 10 mA 4 mA

10 mA

Back

reund corrector on on on on on

on

Aspiration rate

optimize for maximum signal

Integration time

3s

Number of integrations

5

Abso

calibration solution

0,02 0,04 0,05 0,003 0,15 (0,1 pug of

Mg/ml)

rbance of 1 pg/ml

0,25

NOTE 1

wash

NOTE 2

© ISO

The measurements of elements that are impossible to be contained in the parting
ings can be skipped.
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If silver chloride precipitates, the top clear layer solution can be used as the test solution.
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In order to clean out the nebulizer system, it is recommended to aspirate the cleaning solution, which is,

for instance, prepared by carefully adding 500 ml of hydrochloric acid (4.11) and 100 ml of concent
nitric acid (4.7) to 400 ml of water, between measurements.

rated

Plot a calibration graph absorbance versus concentration and determine the bismuth, lead, palladium,
platinum, magnesium, and/or calcium concentrations, in micrograms per millilitre, in the test solutions,

followed by calculation of the mass (mjy), in micrograms, of the metals using Formula (G.1):

my=p x50

where p is the mass concentration of each metal.

(G.1)

Sum up the nass of all elements determined to calculate the amount of impurities in the partingsel
and washings (mjmp).

1ition

Alternatively, an ICP atomic emission spectrometer (5.11) can be used for the determination of bistputh,
lead, palladijum, platinum, magnesium, and calcium at the appropriate wavelength. Typieal wavelengths
are 223,06 hm for bismuth, 220,35 nm for lead, 340,46 nm for palladium, 214,42 nm for platipnum,
279,55 nm for magnesium, and 393,37 nm for calcium. However, the instrument’should be optimized

to be free fijom any interference and to give maximum sensitivity and as near-as practical to a |
relationship between absorbance and concentration.

During all A[AS or ICP determinations, the test solutions and calibratign solutions should have the
temperatur¢ as well as the same acid(s) concentration.

near

baime
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Flowsheet of the procedure for the acceptance of analytical values
for test samples (see 9.2)

Perform Xi, Xz

X= (X1 + X2)/2

Range of
X1:X2, X3, < 1,2r

Perform X3 Yes

X=(X1+ X2|+ X3)/3

1

Perform X3, X4 Perform Xa

Range of
X1, X2, X3, X4, < 1,3r

Yes | x- (X1 + X2 + X3+ Xa) /4

X = Median of X1, X2, X3, X4
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Annex I
(informative)

Flowsheet of the method

7.4 Charge preparation

Ih-case-beadis-too-simall-torecover

Instead of inquartation Add Ag

A A

\

Add 1 mg of Pd

4

S1
7.5|Primary fusion 38
v Lead button
716 Cupellation Cupel

Primary bead

7.7 Retreatment of residues

Secondary bead

For Ag determination

™ Combine

In case of Ag <7 500 ug'

7.6 Weighing of(bead

Au <50 pg Yes or In case of added 1 mg of Pd
Mg <7500 ug
No/Yes
< ethod for Ag Gravimetric method /"
detemination o
ASS or ICP method

No

A\

Ag/Au >2,5 { i

Annex D Inquartation
for Au determination

Yes

Primary bead

Ag/Au>2,5

/Except inquartation

\

.8 Parting

Ag solution

7.9 Dissolution of bead

\
7.9 Measurement of
Au, Ag by ASS of ICP

7.8 Parting

Au prill

/
7.10 Ag measurement
by ASS or ICP

Au prill

Au <50 pg

Ag solution

/
Annex G Determination

of impurities

7.8 Weighing of prill

7.8 Weighing of prill —l \ / 17

7.9 Dissolution of prill

| / \

Ag, (Pt, Pd) Au,Ag Ag, (Pt, Pd)
7.9 Measurement by ASS or ICP

Figure I.1 — Flowsheet of the method
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J.1
If ary

cupe
sulfi

J.2

Weigh the test portion (6.2) into a roasting dish that has been coated with chalk or litharg
stickling. Spread the test portion evenly on the coating.

Placg the dish in the muffle furnace (5.2) maintained at 450 °C{oy*2 h.

Grad

test portion every 30 min during roasting.

Rem
the f

Cont
char

IS0 10378:2016(E)

Annex |
(informative)

Roasting method

General

[lation procedure. The following roasting procedure will remove this element by.vold
le.

Procedure

ually increase the temperature of the muffle furnace:te 600 °C and heat for another

bve the dish from the muffle furnace and cool. Transfer the test portion and thorough
ux components, using part of the litharge as.a‘coating.

nue with the primary fusion (7.5), but in this case determine the amount of flour red
be.

enic is present in the sample at a mass fraction above 2 %, this may cause interferellxce with the

tilizing it as

e to prevent

2 h. Stir the

1ly mix with

uired in the

© ISO 2016 - All rights reserved

33


https://standardsiso.com/api/?name=9fd3c4ef92c870f95d51266f95a176a4

ISO 10378:2016(E)

Annex K
(informative)

Guide to the preparation of dilutions for the determination of

See Tables K3dandK2-

silver in parting solutions and residues

Table K.1 — Gold and silver in test solutions in 7.9
. . .. . . Total
Mass in test potion Original | Aliquotto Final o
dilution
ug volume take volume P
actor
Gold Silver ml ml ml 50
<50 <250 50 50 50 50
— 250 to 500 50 20 50 125
— 500 to 1 200 50 10 50 250
— 1200to 2400 50 10 100 500
— 2400to 4800 50 10 200 1000
— 4800 to 7500 50 10 500 2500
Table K.2 — Silver in test solutions in 7.10
Mass of silver in test Original Aliquot to Final Total
portion volume take volume dilution
ug ml ml ml factor
<500 100 100 100 100
500to 1 000 100 20 50 250
1000 to 2000 100 20 100 500
2000 to 4 000 100 10 100 1000
4000 to®000 100 10 200 2000
8 000:ta~20 000 100 10 500 5000
20000 to 40 000 100 10 1000 10 000

NOTE Tlte
gold and silver

mass in the test portion is the product of the mass of test portion and the concentratilon of

34
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L.1
This

a) [Kive samples of zinc concentrate covering the range 0,1 g/t to 2,3 g/t“of-gold an
780 g/t of silver.

b) $ix samples of lead concentrate covering the range 0,1 g/t to 6,7 g/t of gold and
3200 g/t of silver.

c 1

The test programme was designed to determine the repeatability and within-laboratory a
laboratories reproducibilities in general, using the principles of ISO 5725-2.

L.2
The

laboratory used two samples (two bags), of each concentrate and each sample was ana
independently.

L.3
This

samples of copper concentrate. The composition of these samples is given in Tables L..1, L.2

L.4
The

statistical.évaluation are summarized in Tables L.4. to L.9.

The

grap

ISO 1037
Annex L
(informative)

Derivation of precision equations

General

Design of the test programme

hnalytical test programme was designed with the aim of providing maximum inforn

Test samples

test programme used five samples of zinc concentrate, six samples of lead concentr

Statisticalevaluation

procedure for statistical evaluation is illustrated schematically in Figure L.1. The rg

estimated precisions (Sy, S, 1, and P) are plotted against their corresponding sample

8:2016(E)

international Standard was tested in an interlaboratory test programme involving's C<Luntries and
16 laporatories. The following samples were analysed.

d 42 g/t to

390 g/t to

‘ive samples of copper concentrate covering the range 0,3,g/t'to 200 g/t of gold anpd 60 g/t to
680 g/t of silver.

nd between-

hation. Each
lysed twice

hte, and five
and L.3.

sults of the

means on a

means were computed and are presented in Tables 1.4 to L.9.
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Table L.1 — Composition of zinc concentrate samples

Sample numbers
Element
2001-Zn-1 2001-Zn-2 2001-Zn-3 | 2001Zn-4 | 2001-Zn-5
Zn % (m/m) 49 50 54 36 49
Pb % (m/m) 3 09 1 15 3
Cu % (m/m) 0,3 0,6 1 0,6 0,3
Au g/t <0,1 <0,1 2 0,1 0,4
Ag g/t 160 79 43 790 520
S o (m/m) 30 33 32 28 3t
As o (m/m) 0,01 0,03 0,03 0,31 _ (0,06
Sb % (m/m) 0,01 <0,01 <0,01 0,23 Lo, -70,02
Sn o (m/m) <0,01 <0,01 <0,01 035 " <001
Bi o (m/m) <0,01 <0,01 <0,01 0,10 "\ <0,01
Fe o (m/m) 8 10 6 _ay”’ 10
5i0; o (m/m) 3 1 1 2 2
ALO3 % (m/m) 0,6 0,2 02 {05 0,09
Ca0 % (m/m) 09 0,1 01 QM 0,1 0,2
MgO o (m/m) 0,5 0,2 0,03, 0,05 0,5
cd o (m/m) 0,2 0,1 @3 0,2 0,3
Ni % (m/m) <0,01 <0,01 A V<0,01 <0,01 <0,01
Co % (m/m) <0,01 002 & <001 <0,01 <0,01
Q-
OF
>
@ .
O
@)
&
)
Q~
N
%Q
s
S
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Table L.2 — Composition of lead concentrate samples

Sample numbers

Element
2001-Pb-1 2001-Pb-2 2001-Pb-3 2001-Pb-4 2001-Pb-5 | 2001-Pb-6

Pb % (m/m) 65 33 65 57 50 72
Zn % (m/m) 6 5 10 12 7 4
Cu % (m/m) 2 0,8 0,07 0,2 0,3
Au g/t 70 3 4 <0,1 <0,1 0,5
Ag g/t 2200 660 1300 390 1100 3200
S % (m/m) 17 30 17 19 23 14
As % (m/m) 0,3 0,5 0,1 0,03 0,03 0,03
Sb % (m/m) 0,2 0,2 0,3 0,1 009 0,2
Sn % (m/m) <0,01 <0,01 <0,01 <0,01 <0,01 <0,01
Bi % (m/m) 0,4 0,02 0,02 <0,01 <0,01 <0,01
Fe % (m/m) 4 20 3 5 11 3
Si0a| % (m/m) 2 0,5 0,7 3 2 3
ALOg % (m/m) 0,3 0,07 0,3 0,1 0,5 0,1
ca0| % (m/m) 09 0,7 0,04 0,06 0,5 0,3
MgO % (m/m) 0,3 0,2 0,06 0,01 0,3 0,7
cd % (m/m) 0,03 0,01 0,03 0,2 0,03 0,02
Ni % (m/m) <0,01 <0,01 <0,01 <0,01 <0,01 <0,01
Co % (m/m) <0,01 <0,01 <0,01 0,02 0,01 <0,01
© IS0 2016 - All rights reserved 37
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Table L.3 — Composition of copper concentrate samples

Sample numbers
Element
2001-Cu-1 2001-Cu-2 2001-Cu-3 | 2001-Cu-4 | 2001-Cu-5
Cu % (m/m) 33 24 37 26 37
Zn % (m/m) 0,2 0,06 0,1 0,08
Pb % (m/m) 0,04 0,02 0,03 0,02
Au g/t 54 53 0,9 0,4 200
Ag g/t 69 62 120 670 590
S %|(m/m) 27 27 27 32 21
As %|(m/m) <0,02 0,04 0,08 <0,02 Qo1
Sb %|(m/m) <0,02 <0,02 <0,02 01  Jo,-"<0,02
Sn %|(m/m) <0,02 <0,02 <0,02 <0,02 ' <002
Bi %|(m/m) <0,02 <0,02 <0,02 <0,02\" <0,02
Fe %|(m/m) 22 23 20 28’ 16
Sio;  %|(m/m) 10 16 9 KN 11
AlO3  %|(m/m) 2 4 2 4 o4
Ca0 %|(m/m) 0,6 07 QV 0,09 9
MgO  %]|(m/m) 0,5 0,6 01 0,09
cd %|(m/m) <0,02 <0,02 _&0,02 <0,02 <0,02
Ni %|(m/m) <0,02 <0,02 Y <0,02 <0,02 <0,02
Co %|(m/m) <0,02 <002 @ <002 0,02 0,02
9
OF
>
@ .
O
&
)
Q~
N
R
s
S
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Table L.4 — Summary of precisions for zinc concentrate samples — Gold

Sample number =
(see Table L.1) Ko g 0 5 X g F Sr 5L SL/5k
2001-Zn-1 8 8 31 31 0,044 | 0,082 0,130 0,029 0,042 1,415
2001-Zn-2 8 8 31 31 0901 | 0,226 0,327 0,081 0,102 1,262
2001-Zn-3 8 8 31 31 2,292 0,207 0,502 0,074 0,171 2,313
2001-Zn-4 8 8 31 31 0,107 0,082 0,131 0,029 0,042 1,445
2001-Zn-5 8 8 31 31 0,160 0,079 0,299 0,028 0,105 3,724
The regression formulae are Correlation coefficient

r=0,0630 X +0,0911 0,805 2

P=01476 X +0,1745 0,9087

0,805 2

$.=0,0225 X +0,0325

SL=0,0504 X +0,057 1 0,8997

Ko Total nunber of participating laboratories.
k Number of|participating laboratories used for computation of precision.
no Total nunjber of analytical results.

n Number oflanalytical results used for computation of precision.

; Overall nfean of the mass fraction of gold, in grams per tonne, of the'sample.

r Permissiblg within-laboratory tolerance (repeatability), in granisjof gold per tonne.
P Permissible between-laboratories tolerance, in grams of gold per tonne.

Sr  Within-laboratory standard deviation, in grams of gold.per tonne.

S Between-|aboratories standard deviation, in grams.of gold per tonne.

X Mean maps fraction of gold, in grams per tonne,.of the sample.
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