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Foreword

ISO 13291:1997(E)

ISO (the International Organization for Standardization) /is
federation of national standards bodies (ISO member bodies)
preparing International Standards is normally carried -out
technical committees. Each member body interestedin a sub
a technical committee has been established has the'right to bq
on that committee. International organizations;) ‘governmen
governmental, in liaison with ISO, also~take part in thg
collaborates closely with the International-Electrotechnical
(IEC) on all matters of electrotechnical staridardization.

a worldwide
The work of
through 1SO
ect for which
represented
al and non-
work. 1SO
Commission

Draft International Standards adoepted by the technical cofnmittees are

circulated to the member bodies\for voting. Publication as an
Standard requires approval. by at least 75 % of the member b
a vote.

International
pbdies casting

International Standard\1SO 13291 was prepared by Technical Committee

ISO/TC 183, Copper, lead and zinc ores and concentrates.

Annexes A to~C form an integral part of this Internation
Annexes D*and E are for information only.

al Standard.
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Zinc sulfide concentrates — Determination of zinc content —
Solvent extraction and EDTA titrimetric method

1 Scop

This Interr
of zinc sul

The methd

2 Norm

The follow
Internation

revision, and parties to agreements based on this International\Standard are encouraged to in

possibility
registers d

ISO 385-1
ISO 648:1
ISO 1042:
ISO 3696:
ISO 4787:

ISO 9599
analysis s

ISO Guidsg

3 Princ

D

ational Standard specifies a solvent extraction/titrimetric method for the determination\of the
ide concentrates.

d is applicable to zinc sulfide concentrates with zinc content in the range from _*1 % (m/m) to

ative references

ing standards contain provisions which, through referencefin this text, constitute provi
al Standard. At the time of publication, the editions indicated were valid. All standards &

of applying the most recent editions of the standards jndicated below. Members of IEC and
f currently valid International Standards.

1984, Laboratory glassware — Burettes - Partl General requirements.
D77, Laboratory glassware — One-mark pipettes.

1), Laboratory glassware — One-mark volumetric flasks.

1987, Water for analytical laberatory use — Specification and test methods.

1984, Laboratory glassware — Volumetric glassware — Methods for use and testing of capé

1991, Copper, lead’and zinc sulfide concentrates — Determination of hygroscopic md
hmple — Gravimetric method.

35: 1989,.Certification of reference materials — General and statistical principles.
ple

zinc content

62 % (m/m).

sions of this
re subject to
estigate the
ISO maintain

city.

isture in the

A test portion of zinc concentrate is dissolved in bromine and nitric acid. Any remaining insoluble residue is
dissolved in hydrofluoric and perchloric acids. A zinc thiocyanate complex is selectively extracted into methyl
isobutyl ketone after screening of some elements with thiourea and citrate ions. Partially extracted cadmium is
screened with iodide ions before the final titration as explained in annex C. Cobalt is extracted and must be
determined separately if present at concentration levels exceeding 0,05 %. Zinc is determined by titration with
EDTA solution at pH 5,5.

1) Tobep

ublished. (Revision of ISO 1042:1983)
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4 Reagents

© 1SO

During the analysis, only reagents of recognized analytical grade and water that complies with grade 2 of ISO 3696
shall be used.

4.1 Zinc metal, minimum purity 99,99 %, free from oxide prior to use.

The surface of the metal may be cleaned by immersing the metal in hydrochloric acid (4.2), diluted 1+9 for 1 min,

washed well

4.2 Hydro

with water followed by an acetone rinse and dried in an oven at 50°C.

hloric acid | (p2g 1,16 g/mlto 1,19 g/ml)

4.3 Bromir
4.4 Nitric &
4.5 Hydrog

Add 200 ml d

4.6 Hydrofluoric acid,

4.7 Perchl
4.8 Ammo
4.9 4-meth
4.10 Ethan
4.11 Screq

Dissolve 60
1 1. Filter if nq

4.12 Sodiu

Dissolve 20 ¢ of sodium fluoridesin-water. Dilute to 1 I.

4.13 Thiod
Dissolve 100

4.14 Buffe

e

Icid, (ppp 1,42 g/ml)
hloric acid, (pp01,16 g/mlto 1,19 g/ml) diluted (1+4)
f hydrochloric acid (4.2) to 800 ml of water.

(p20 1,13 g/ml to 1,15 g/ml)

pric acid, (pyg 1,54 g/ml)

hia, (p2g 0,89 g/ml)

yl-2-pentanone (methyl isobutyl ketone)
ol, pure or denatured

ning solution

) of thiourea, 100 g of di-ammonium’citrate and 200 g of ammonium thiocyanate in water af
pcessary.

m fluoride solution  (20g/l)

rea solution-(200 g/l)
g of thiourea in water and dilute to 1 1.
I solution

d dilute to

Dissolve 250 g of hexamethylenetetramine in water. Add 60 ml of acetic acid (p2g 1,05 g/ml) and dilute to 1 1.

4.15 EDTA standard volumetric solution

(0,05 mol/l)

Dissolve 18,6 g of the di-sodium salt of ethylenediaminetetraacetic acid dihydrate (EDTA) in water. Dilute to 1 1.

4.16 Potassium iodide solution

Dissolve 100

(1 000 g/l)

g of potassium iodide in water and dilute to 100 ml.

Prepare fresh on the day of use.
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4.17 Xylenol orange indicator (1 % m/m)

Mix 1 g of the sodium salt of xylenol orange with 99 g of potassium nitrate crystals by gently grinding in a ceramic
mortar with a pestle. Mixing is considered complete when the colour is uniform throughout.

4.18 Iron stock solution

Dissolve 45 g of iron(lIl) nitrate nonahydrate (Fe(NO;);.9H,0) in water and dilute to 1 I.

5 Appafatts
5.1 Ordinary laboratory equipment  and

5.2 Volymetric glassware, of class A complying with 1SO 385-1, ISO 648 and“ISO 1042 [and used in
accordange with ISO 4787.

5.3 Platinum crucibles, of 25 ml capacity.

5.4 Baldnce, capable of being read to 0,1 mg.

5.5 Ovep, with temperature controlled at 105 °C + 5 °C.

5.6 Muffle furnace , having a maximum required operating température higher than 800 °C.

5.7 Labgratory hotplate.

6 Sample

6.1 Tes{sample

Prepare an air-equilibrated test sample.jn-accordance with ISO 9599.

NOTE — A test sample is not requijred:if predried test portions are to be used (see annex A).
6.2 Tes{ portion

Take multiple increments, extract a test portion from the test sample in such a manner that it is represgntative of the

dish or tray. Weighstotthe nearest 0,1 mg, 2,5 g of test sample. At the same time as the test portiof is weighed,
weigh test|portions-for the determination of hygroscopic moisture in accordance with ISO 9599.

Alternativgly,-the method specified in annex A may be used to prepare predried test portions directly from the
laboratory sampte:

7 Procedure
7.1 Number of determinations

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

NOTE — Repeatability 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 intervals of time.
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7.2 Blank test
Determine a reagent blank. It is advisable to perform duplicate blank determinations every time an analysis is

carried out on a laboratory sample. The blank samples are carried through the whole procedure apart from where
no laboratory sample test portion is required. However, 5 ml of iron stock solution (4.18) should be added to assist

in the determination of turbidity. The volume of EDTA titrant used is W,.

7.3 Dissolution of test portion

Place the test portion in a 300 ml narrow—necked conlcal flask. Moisten the materlal W|th about 20 ml of water and

add 2 ml to

thoroughly.

If insoluble

Rinse the filt
and gently a
of perchloric
water. Filter
above. Rinsdg

material is present, transfer the liquid to a 500 ml one-mark volumetric flask, rinsing the cd
ake up to the mark with water.

aterial is present, filter through a medium speed filter paper into a 500 mf one-mark volum
er thoroughly with water. Place the filter and insoluble residue in a platimum crucible (5.3)

h the paper in the muffle furnace (5.6) set at 800 °C. Add 2 ml of hydrofluoric acid (4.6) and
acid (4.7). Heat until dense perchloric acid fumes appear. Allew to cool, dilute with aboy
f a lead sulfate precipitate appears. Transfer the filtrate to the ‘same one-mark volumetric
the filter paper thoroughly and make up to the mark with water.

NOTE — If the sample contains lead, damage to the platinum crucible may“occur. In this case, fusion with sodium

a zirconium cr
7.4 Extrac
Pipette 50,0(

slight turbidit]
Add 80 ml off

Licible is preferable.
ion

ml of the solution obtained in 7.3 into a 250 ml separating funnel. Add ammonia (4.8) drop{

y develops. Add 5 ml of dilute hydrochlaric acid (4.5) and 50 ml of screening solution (4.11).

4-methyl-2-pentanone (4.9) and shake for 1 min. Allow the phases to separate and slowly t

lower aqueoyis phase to another separating funnel. Perform a second extraction with 20 ml of 4-methyl-2-

(4.9). Separd
low-form be3g

Place 1 ml d
Shake well a

7.5 Titratid

Add success
(4.14), 5ml g

te the phases and discard the_aqueous phase. Combine the two separate organic phases i
ker.

f dilute hydrochloric.acid (4.5) and 70 ml of ethanol (4.10) into each of the two separatir
nd discharge the contents from both funnels into the 400 ml low-form beaker.

n

vely 10 “mlof sodium fluoride solution (4.12), 10 ml of thiourea solution (4.13), 20 ml of buff
f potassium iodide solution (4.16) and 0,1 g of xylenol orange indicator (4.17).

Titrate with BE

the equivalence point. Note the volume

of tltrant used.

7.6 Determination of the titration factor of the EDTA standard solution

d contents
p (5.7) and

nical flask

etric flask.
see Note)
then 5 ml
t 25 ml of
flask used

peroxide in
vise until a
Mix well.
ansfer the

pentanone
h a 400 ml

g funnels.

er solution

approaching

NOTE — In order to obtain a relative accuracy of between 0,1 % and 0,2 % it is necessary to standardize the EDTA solution
with zinc at the same time and under the same conditions as the analysis. It is thus advisable for the calibration to follow the
complete set of operating conditions set down for the analysis. Likewise, to improve the repeatability of the calibration it is
useful to prepare several zinc reference solutions. Iron is added to the standard solution to assist in the determination of
turbidity in 7.4.
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The EDTA standard solution should be standardized as follows:

— Weigh into three separate 300 ml conical flasks, between 0,25 g and 1,625 g of zinc (4.1), to the nearest
0,000 1 g, depending on the zinc content of the test sample. Record these masses as m,, m, and m;.

— Add 15 ml of water, 15 ml of nitric acid (4.4) and 5 ml of iron stock solution (4.18). After dissolution of the zinc,
boil gently to expel nitrogen oxide gases.

— Cool and transfer to a 500 ml one-mark volumetric flask. Rinse the initial flask thoroughly and add the washings
to the volumetric flask. Make up to the mark. Continue the procedure as described in 7.4 and 7.5. Record the

es of EDTA standard solution used in the titrations as V,, V4 and

he intermediate factor, fi,, for each beaker using the following equation:

=Emy [/ forx=1t03

the factor obtained from the titration;
5 the mass of zinc weighed, in grams;
the volume of EDTA solution, in millilitres.

e of values for fi, fi,, fi; exceeds 0,000 01 g/ml then.repeat the standardization. Otherwise
br as follows:

_| fig + fiy +fig

3

ssion of results

pntent of the test portion) W,,,, expressed as a percentage by mass, is given by the following

(M — W) x#*100 100
m 100-H

- (1a)

calculate the

.. (1b)

equation:

. (2)

volu

Calculate

fiy
where

fiy i3

m, i

Vi
If the rang
mean fact

f =
8 EXpreg
The zinc ¢

Wz,
where

f

H

m

Vi

Vi

IS the zinc equivalence tactor, In grams per millilitre, determined Iin 7.0,

is the hygroscopic moisture content, as a percentage of the test portion (in the case of a predried test

portion being used H = 0);
is the mass, in grams, of the test portion;
is the volume of EDTA solution (4.15), in millilitres, used to titrate the blank solution;

is the volume of EDTA solution (4.15), in millilitres, used to titrate the sample solution.

Calculate the zinc content of the test portion to the second decimal place.


https://standardsiso.com/api/?name=81bf9a33dc41f4bc339dafb85b40463a

1ISO 13291:1997(E) © I1SO

9 Precision
9.1 Expression of precision

The precision of this analytical method is expressed by the following equations:

s =0,0008X+0,0382 .. (3)

5 =0,001 6X+0,0539 .. (4

X is fhe mean content of zinc, expressed as a percentage by mass, in the sample;

s, isthe within-laboratory standard deviation, expressed as a percentage-by mass;

s, isthe between-laboratories standard deviation, expressed as a percentage by mass.
NOTE — Addlitional information is given in annex D.
9.2 Procedure for obtaining the final result
See annex B

Calculate the following quantities from the duplicate results X; and X, and process according to the flpwchart in
annex B:

. S (X1 + Xz)
Mean of duplicates: X= Y .. (5)
Within-laborgtory standard deviation (repeatability) 5,=0,000 8X +0,038 2 .. (3)
Repeatabilityl limit r=2,.8s, ... (6)

9.3 Between-laboratories precision

Between-labgratories' precision is used to determine the agreement between the results reported by twd (or more)
laboratories. [Itis assumed that all laboratories have followed the same procedure.

Calculate the following quantities:

M+l

Mean of final results: U1 > . (7)
Between-laboratories standard deviation s, = 0,001 6u,, + 0,053 9 ... (8)
Within-laboratory standard deviation s,= 0,000 8y, + 0,038 2 .. (9)
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Permissibl

Range
where

My is
U is

ISO 13291:1997(E)

s2
e difference P=28,92%+ >

E = |uy - o

the final result, expressed as a percentage by mass of zinc, reported by laboratory 1;

the final result, expressed as a percentage by mass of zinc, reported by laboratory 2.

... (10)

.. (1)

If Eis equ

9.4 Che

The truengss of the analytical method can be checked by applying it to a certified reference material
on has been confirmed, the final laboratory result can be compared with the certified value, A.. The

the precis
following ty

|,Uc T
If this cong
|,Uc T
If this cong
In equatio
U IS
A is

Cis
defin

9.4.1 Tyq
The refere

94.1.1 R

bl to or less than P, the final results are in agreement.

ck of trueness

o possibilities exist:

Al=cC

ition exists the difference between the reported result and-the*certified value is statistically in|
Al>C

ition exists the difference between the reported result and the certified value is statistically si

s (12) and (13), the symbols are defined-as’follows:

he final result, as a percentage of zinC mass of the certified reference material;
the certified value, as a percentage of zinc mass of the certified reference material;

h quantity, as a percentage of zinc mass, depending on the type of certified reference mat
ed in 9.4.1.

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

nce materials used for this purpose should be prepared and certified in accordance with ISO

eferefiee material certified/characterized by an interlaboratory test programme

CRM). When

.. (12)

Significant.
.. (13)

pnificant.

Erial used as

Guide 35.

The quant

where

S*{AJ} is the variance of the certified value;

nis the number of replicate determinations.

.. (14)
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9.4.1.2 Reference material certified/characterised by one laboratory

The quantity C (see 9.4), expressed as a percentage by mass of zinc, is given by the following equation:

2
c=2/g2+3 .. (15)
n

NOTE — It is recommended that this type of certified reference material be avoided unless the particular CRM is known to
have an unbiased certified value.

10 Test re¢port

The test repqrt shall contain the following information :

a) identifigation of the test sample;

b) referenge to this International Standard, i.e. ISO 13291,

c) zinc comtent of the sample, expressed as a percentage by mass;
d) date on|which the test was carried out;

e) any ocdurrence noticed during the determination which 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

A.l Scépe

This meth¢d is applicable to zinc sulfide concentrates not susceptible to oxidation and with hygrescopic
contents ranging from 0,05 % to 2 %.

A.2 Pril

The test p
is then we

A3 Re

A.3.1 De

WAR
wash

A4 Ap|

nciple

brtion to be used for analysis is dried in air in an oven maintained at 105*°C = 5 °C. The dried
ghed and used for the analysis. No correction for moisture is required.

hgents

siccant , such as self-indicating silica gel or anhydiéliis magnesium perchlorate.

NING - Care should be taken when disposing 9f 'exhausted magnesium perchlorate. It must

ed down the sink with a stream of running water.

paratus

Ordinary laboratory equipment and

A.4.1 Analytical balance , sensitive to 0,1 mg

A.4.2 Wé
small test

A.4.3 La

ighing vessels G-of glass; or silica or corrosion-resistant metal with externally-fitting air-tigh
portions (less than 3 g) the mass of the vessel should be as small as possible, i.e. less than !

Doratory‘oyen , capable of maintaining a temperature of 105°C + 5°C.

moisture

test portion

be

t covers. For
0 g.

AS Pr

cedure

A.5.1 Preparation of the weighing vessel

Dry the weighing vessel and vessel cover (A4.2) by heating in a laboratory oven (A4.3) at 105 °C + 5 °C for 1 h.
Transfer the vessel and vessel cover to a desiccator containing suitable fresh desiccant (A3.1) and allow to cool to
ambient temperature.

A.5.2 Test portion

Weigh the dried weighing vessel and vessel cover (A5.1). Immediately add a portion of the laboratory sample to
provide a suitable predried test portion. An accurate total mass of the test portion and weighing vessel is not
required at this point.
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A5.3 Determination of the test portion dry mass

Transfer the uncovered weighing vessel and test portion and vessel cover to the laboratory oven (A4.3) 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 to cool to ambient temperature in the desiccator. When cool, remove the weighing vessel
and dry test portion and vessel cover from the desiccator and weigh to the nearest 0,1 mg (m,) after slightly lifting
the cover and quickly replacing it. Transfer the test portion to the appropriate analytical apparatus and immediately
re-weigh the empty weighing vessel and vessel cover. Record the mass (m;) to the nearest 0,1 mg.

NOTE — For new concentrates of unknown characteristics it is advisable to repeat the drying for another 2 h at 105°C +5 °C
and to re-weigh the weighing vessel and test portion plus vessel cover to the nearest 0,1 mg (m,’). The mass of the test
portion can bg considered to be constant if the difference between m, and m,’ is less than or equal to 0,5 mg. Ifythis condition
is not achievedl, the drying and weighing steps should be repeated.

A.6 Calcylation of the test portion dry mass

The dry mas$ of the test portion mg, in grams, given by the following equation:
ms=mj— msg . (A1)

where
m, is the mass, in grams, of the dried test portion plus weighing ¥essel and its cover;
ms is the mass, in grams, of the empty weighing vessel plus.its cover.

The mass of the dry test portion is the mass to be used to-calculate the element content in the laboratory $ample on
a dry basis. o correction for hygroscopic moisture is required.

10
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Annex B
(normative)

Flowchart of the procedure for the acceptance of
analytical values for test samples

Perform x4, x5

Range of X1+ Xp+ X3
X4, X0, X3 =12r

Perform x,

3

NO

Perform xs, X, Perform x,

Xq+ Xo+ X3+ Xy

Range of x4, x,, X3, X, =< 131
A

NO

X = Median of X1, Xo, X3, Xy,

r: defined in 9.2

11
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Annex C
(normative)
Elements that interfere with this method
C.1 Cadmium
Cadmium is largetyextractedatthesametimeas zincandmustbescreenedwithpotassitm-ocdidebefore the final
titration.
C.2 Cobdlt
A large part ¢f any cobalt present in the test sample is extracted with the zinc as evidencedby the blue cojour taken
on by the org]:anic phase. If the cobalt content is less than 0,05 % its influence is negligible. If the cobalt cgntent is
higher it shoyild be determined after the EDTA titration by atomic absorption spectronietry. The amount of jcobalt
found is then| subtracted from the zinc value by multiplying the cobalt concentratigh 'to obtain an equivalent zinc
concentratiof.
C.3 Lead
Lead can int¢rfere at values higher than 7 %. It is precipitated asfead sulfate in the dissolution stage and fan be
removed by filtration.
C.4 Manganese
Manganese interferes at values greater than 2 %-by lowering the result. It is rare to have an internationally traded
zinc concentfate with this level of manganese.
C.5 Magrjesium
Interference pccurs for concentrations of magnesium greater than 5 % by lowering the result. The highestjvalue
reported for ipternationally(traded zinc concentrates is 0,8 %.
C.6 Titanlum:and vanadium
Titanium and-varadiuminterfereonty whenpresentimconcentrations greatertherm 0;2-96—Nosuchfevetsare known

to exist in internationally traded zinc concentrates.

C.7 Other elements

It has been established that other elements do not interfere at values less than the following concentrations:

Al:2%

As:0,5

12

Ba:10% Cu:10% Ni:1%

% Ca:5% Fe:15% Sr:2%
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Annex D
(informative)

Derivation of precision equations

D.1 Introduction

This Interrfafional Standard was tested In an interlaboratory test programme Involving Nine countries an
laboratorigs. Five samples of zinc concentrate covering the range 11 % (m/m) to 62 % (m/m) were@nal
content. The test programme was designed to determine the repeatability and within-laboratory ahd bet
laboratorigs reproducibilities in general, using the principle of ISO 5725-2 [1].

D.2 Desgign of the test programme

The analylical test programme was designed with the aim of providing maximum information. Each labg
samples (two bags) of each concentrate and each sample was indépendently analysed twiceg.

to use two,

D.3 Tesgt samples

This test grogramme used five samples of zinc concentrate. Theieomposition of these samples is show

D.1.

D.4 Stdtistical evaluation

The proceflure for statistical evaluation is illustrated schematically in figure D.1. The results of the statis

evaluation

correspongling sample means on a graph.as shown in figure D.2, and the regression equations of these
against sample means were computed and are presented in table D.2.

d twenty two
ysed for zinc
ween-

ratory had

n in table

tical

are summarized in tables D.2 and D.3. The estimated precision (s,, s, rand P) are plotted apainst their

precisions

13
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Raw dafa

Chemical outliers

No

Reject outliers

Statistical outlierS>—1 o2
?
No
Perform two-way
ANOVA
Test sample Yes

4| Reject outliers

Combine anatical results submitfedby

homogemey
?

No

each labotary

Statistical oufliers

Outliers found
?

Use precisiong estimated from

Reject

oufliers

Perform

one-way

ANOVA

fwo-wayMANOV A

Regression of

precision level

Present raw data and regression line in

graphical form

Rep

ort

Figure D.1 O Flowchart of procedure for statistical evaluation of analytical
data resulting from international tests

14
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Table D.1 — Composition of zinc concentrate samples
Element Unit Sample numbers 1
90-1 90-2 90-3 91-9 91-10
Zn % (m/m) 50 33 62 11 55
S % (m/m) 30 30 30 20 31
Fe % (m/m) 10 14 8 8
Pb % (m/m) 3 14 53 2
Si % (m/m) 2 2 - 2 1
Al % (m/m) 0,5 0,6 0,3 0,2 0,1
Cu % (m/m) 0,2 0,5 0,1 0,8 0,1
Ca % (m/m) 0,4 0,5 0,3 0,1 0,1
Mg % (m/m) 0,3 0,3 0,2 0:8 0,2
Cd % (m/m) 0,2 0,1 0,2 0,02 0,2
As g/t 300 550 - 250 100
Sb g/t 250 700 - 300 20
Ag g/t 125 400 60 380 160
Co g/t 40 90 <1 60 20
Tl g/t 25 60 - 10
Ni git 2 8 2 - 8
Bi g/t <1 <l <1 1600 <1
1)[ 90-1MIM (Australia)

90-2MIM (Australia)

90-3Polaris (Canada)

91-9Cobar (Australia)

91-10Hilton (Australia)
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