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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
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 13312:2017(E)

Iron ores — Determination of potassium — Flame atomic
absorption spectrometric method

WARNING — This document may involve hazardous materials, operations and equipment. This
document does not purport to address all of the safety problems associated with its use. It is the
responsibility of the user of this document to establish appropriate health and safety practices
and determine the applicability of regulatory limitations prior to use.

1 $cope

This|document specifies a flame atomic absorption spectrometric method for the determimpation of the
masq fraction of potassium in iron ores.

Thismethod is applicable to mass fractions of potassium between 0,002 5% and 0,52 % innatural iron
ores|iron ore concentrates and agglomerates, including sinter products:

2 Normative references

The following documents are referred to in the text in such'a way that some or all of their content
constitutes requirements of this document. For dated reférences, only the edition cited |applies. For
unddted references, the latest edition of the referenceddocument (including any amendmepts) applies.

ISO 648, Laboratory glassware — Single-volume pipettes
ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 2596, Iron ores — Determination of Aiygroscopic moisture in analytical samples — Gravjmetric, Karl
Fischer and mass-loss methods

[SO 3082, Iron ores — Sampling and sample preparation procedures
ISO 3696, Water for analytical laboratory use — Specification and test methods
ISO 1764, Iron ores — Preparation of predried test samples for chemical analysis

ISO 11323, Iron oreqand direct reduced iron — Vocabulary

3 Terms-and definitions

For the purposes of this document, the terms and definitions given in ISO 11323 apply.

ISO and TEC maintain terminological databases tor use 1n standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Principle

The test portion is decomposed by treatment with hydrochloric acid and hydrofluoric acid, followed by
evaporation to dryness. The residue is wetted and the evaporation is repeated with a new portion of
hydrochloric acid. The residue is dissolved with hydrochloric acid followed by appropriate dilution. The
solution is aspirated into the air/acetylene flame of the atomic absorption apparatus.

© IS0 2017 - All rights reserved 1
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The absorbance value obtained for potassium is measured in comparison with those obtained from
calibration solutions.

5 Reagents

During the analysis, use only reagents of recognized analytical grade and only water that complies with
Grade 2 of ISO 3696.

Reagents are to be selected or purified for the lowest possible blank value.

5.1 Hydrg
5.2 Hydrg
5.3 Hydrg
5.4 Backg

Dissolve 43
dilute with {

Instead of ix
the oxidant

5.5 Potas

Pulverize alf
110 °C for 2
with water {

Transfer 10,
NOTE Gl
Store this st

1 ml of this

6 Appar

Ordinary lalporatory‘equipment, including one-mark pipettes and one-mark volumetric flasks comp

l'C'lTl'U‘l‘i‘C'aLid, 1% 1,1U 5/’1111 to 1,19 5/1111.
pfluoric acid, p 1,13 g/ml, 40 % (mass fraction), or p 1,19 g/ml, 48 % (mass fraction).
pchloric acid, p 1,16 g/ml to 1,19 g/ml], diluted 1 + 2.

round solution.

g of high-purity iron oxide powder in 500 ml of hydrochloric agid (5.1). Allow to coo
vater to 1 000 ml.

on oxide, the use of metallic iron with a suitable oxidant\is permitted. The alkali contg
chall be low.

ium, standard solution, 20 pg K/ml.

out 3 g of high-purity potassium chloride ifyan agate mortar, dry in an oven at 105
h, and allow to cool to room temperature-in a desiccator. Dissolve 1,907 g in water, ¢
01000 ml in a volumetric flask and mix-

0 ml of this solution to a 500 ml volumetric flask, dilute with water to volume and mix
ass equipment can be used.
andard solution in a plastichottle.

standard solution contains 20 pg of potassium.

atus

cifications of ISO 648 and ISO 1042, respectively, and the following.

| and

nt of

°C to
ilute

lying

with the speg
6.1 Polytd
6.2 PTFE-
6.3 PTFE

6.4 Plasti
6.5 Plasti

L hl (PTEE) heal ¢ v 100 ml ‘ded with PTFE
coated magnetic stirring bars.

digestion bomb.

C pipettes.

c volumetric flasks and storage bottles.

6.6 Magnetic stirring hotplates.

NOTE Pl

atinum vessels can be used instead of PTFE beakers.
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Except where stated, glass equipment should be avoided, as it could contaminate the solutions.
To obtain reliable values, the equipment should be cleaned and checked as follows.

a) Rinse all volumetric ware, including the pipettes used for preparing the calibration solutions, with
dilute hydrochloric acid (5.3) before use. Check the calibration regularly or as needed.

b) Clean PTFE vessels and stirring bars by stirring with 50 ml of dilute hydrochloric acid (5.3) and by
heating for 15 min. Discard the rinsings and conduct a blank test in each vessel in turn, exactly as
specified in 8.3. If any absorbance value is above the limit specified in 8.3, the cleaning procedure
should be repeated or acid reagents of a higher purity should be used. At no stage should the

cfirring bars be handled with the fingprq

c) Platinum vessels, exclusively used for potassium analysis according to this doctument, can be
leaned by the same method as the PTFE vessels [see b)]. Otherwise, they should)b€ pr¢-cleaned by
usion with lithium tetraborate or lithium borate, until the absorbance readings fall to those for the
ithium salt alone.

d) Rinse storage bottles with dilute hydrochloric acid (5.3) before use.

6.7 | Atomic absorption spectrometer.

WARNING — Follow the manufacturer’s instructions fer. igniting and extingyishing the
air/qcetylene flame to avoid possible explosion hazards;/Wear tinted safety glasses whenever
the hurner is in operation.

The atomic absorption spectrometer shall meet the following criteria.

a) Minimum sensitivity: The absorbance of the mest concentrated calibration solution (se¢ 8.4.4) shall
e at least 0,25.

b) (raph linearity: The slope of the calibratien graph covering the top 20 % of the concentfation range
](Lexpressed as a change in absorbancg) shall not be less than 0,7 of the value of the dlope for the
ottom 20 % of the concentratiomrange determined in the same way.

Minimum stability: The standard deviation of the absorbance of the most concentrated calibration
golution and that of the zefo)calibration solution, each being calculated from a sufficient number of
fepetitive measurements,shall be less than 1,5 % and 0,5 %, respectively, of the mean|value of the
absorbance of the most)concentrated calibration solution.

The yise of a strip-chartrecorder and/or digital readout device is recommended to evaluate ¢riteria a), b)
and ¢) and for all suthsequent measurements.

NOTH Instrument parameters will vary with each instrument. The following parameters wer¢ successfully
used [in severallaboratories and they can be used as guidelines. Solutions were aspirated into an pir/acetylene
flamg of @ premix burner.

— otfow catiode tamp, A 10

— wavelength, nm 766,5
— air flow-rate, I/min 10

— acetylene flow-rate, l/min 2

In systems where the values shown for gas flow-rates do not apply, the ratio of the gas flow-rates can still be a
useful guideline.

© IS0 2017 - All rights reserved 3
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7 Sampling and samples

7.1 Laboratory sample

For analysis, use a laboratory sample of =100 um particle size which has been taken and prepared
in accordance with ISO 3082. In the case of ores having significant contents of combined water or
oxidizable compounds, use a particle size of =160 pm.

NOTE A guideline on significant contents of combined water and oxidizable compounds is incorporated in
ISO 7764.

7.2 PrepJaration of predried test samples

Thoroughly| mix the laboratory sample and, taking multiple increments, extract a test)sample in
such a manper that it is representative of the whole contents of the container. Dry the ‘tést sample at
105 °C + 2 °C as specified in ISO 7764. (This is the predried test sample.)

For ores haying significant content of combined water or oxidizable compounds, an air-equilibyated
test sample ghall be prepared in accordance with ISO 2596.

8 Procedure

8.1 Number of determinations

Carry out the analysis at least in duplicate in accordance with/Annex A, independently, on one predried
test sample.

NOTE The expression “independently” means that the'second and any subsequent result are not affected
by the previqus result(s). For the particular analytical method, this condition implies that the repetition ¢f the
procedure is|carried out either by the same operatar,at-a different time or by a different operator includipg, in
either case, appropriate recalibration.

8.2 Test portion

Taking several increments, weigh, to~nearest 0,000 2 g, 0,2 g to 0,5 g (depending on the potassium
concentratign) of the predried test,sample obtained in accordance with 7.2.

The test porjtion should be taken’and weighed quickly to avoid reabsorption of moisture.

8.3 Blank test and.check test

Before proceedingste'the treatment of test portions, ensure that the cleaning procedures conducted
in 6.6 (see list jtems), together with the quality of the reagents being used, have produced a blank test
value for theCpotassium determination not greater than the equivalent of 0,002 % (mass fradtion)
potassium inthe ore.

In each run, one blank test and one analysis of a certified reference material of the same type of ore shall
be carried out in parallel with the analysis of the ore sample(s) under the same conditions. A predried
test sample of the certified reference material shall be prepared as specified in 7.2.

Where the analysis is carried out on several samples at the same time, the blank value may be
represented by one test, provided that the procedure is the same and the reagents are from the same
reagent bottles.

Where the analysis is carried out on several samples of the same type of ore at the same time, the
analytical value of one certified reference material may be used.

The certified reference material should be of the same type as the sample to be analysed and the
properties of the two materials should be sufficiently similar to ensure that, in either case, no significant

4 © IS0 2017 - All rights reserved
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changes in the analytical procedure will become necessary. Where a certified reference material is not
available, a reference material may be used (see 9.2.4).

8.4 Determination

8.4.1 General
To prevent contamination during analysis, the following precautions shall be taken:

a) finger contact with sample, solutions and stirring bars shall be avoided;

b) 1nouth suction of pipettes shall not be permitted.

8.4.2 Decomposition of the test portion
Tranpgfer the test portion (see 8.2) to a 100 ml PTFE beaker (6.1). See Note in 6.6.

Moislten it with a few drops of water, then add 10 ml of hydrochloric acid (5.1)*and 10 ml of hydrofluoric
acid |(5.2). Add a PTFE-coated magnetic stirring bar (6.2) and covercwith a PTFE cover. Adjust the
temperature of the magnetic stirring hotplate (6.6) so that a temperature of about 98 °C will be
mairftained in water in a covered PTFE beaker. Heat, with stirrifig, for 45 min or unti| no further
dissqlution of the test portion occurs. Remove the cover, stop thestirrer, leaving the bar in the solution,
and ¢vaporate to dryness. Add 5 ml of hydrochloric acid (5.1)ahd evaporate again to dryn¢ss. Dissolve
the splts in 5 ml of hydrochloric acid (5.1) and 40 ml of water, and transfer to a 100 ml one-mark plastic
volummetric flask (6.5). Dilute to volume with water and mix!

NOTH If any significant amount of residue remains, conduct the digestion process in a stirred PTFE digestion
bomH (6.3) for 45 min at 160 °C.

8.4.3 Treatment of the solution

If the¢ concentration of potassium is toghigh, it is necessary to dilute the test solution. Transfer, using
a pldstic pipette (6.4), y ml of the test solution to a 100 ml one-mark plastic volumetric flask, add
0,1 x|(100 - y) ml of the background solution (5.4), dilute with water to volume and mix (sef Table 1).

A diluted test solution shall be_measured together with a diluted blank test solution, conptaining the
same¢ amount of background-solution as the test solution. Prepare the diluted blank tesf solution as
follows: pipette y ml of-the blank test solution into a 100 ml one-mark plastic volumetrjc flask, add
0,1 x{(100 - y) ml of the-background solution, dilute to volume with water and mix.

Table 1 — Dilution guide for test solution

Potassium mass-fraction Aliquot from 100 ml
range
% Yy
0,002 5100060 —
0,060 to 0,20 30,0
0,20 to 0,52 10,0

8.4.4 Preparation of the set of calibration solutions

From the potassium standard solution (5.5), prepare calibration solutions as follows.

Using plastic pipettes, transfer 0 ml; 2,0 ml; 5,0 ml; 10,0 ml; 15,0 ml of potassium standard solution (5.5),
respectively, to 100 ml one-mark plastic volumetric flasks. Add, using a plastic pipette, 10 ml of the
background solution (5.4) to each, dilute with water to volume and mix. These calibration solutions
cover the concentration range 0 ug K/ml to 3 pg K/ml and contain 3 000 pg Fe/ml.

Store the calibration solutions in plastic bottles.

© IS0 2017 - All rights reserved 5
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8.4.5 Adjustment of atomic absorption spectrometer

Optimize the response of the instrument as specified in 6.7. Set the wavelength of potassium (766,5 nm)
to obtain minimum absorbance. After 10 min preheating of the burner, adjust the fuel flow and burner
position to obtain maximum absorbance, while aspirating the most concentrated calibration solution
(see 8.4.4). Aspirate water and the calibration solution to establish that the absorbance reading is not
drifting, and then set the reading for water to zero absorbance.

8.4.6 Atomic absorption measurements

Aspirate the calibration and test solutions or diluted test solutions in order of increasing absorption,

starting wit
When a stalf
diluted test
water betwd

Obtain the 1|
zero calibra
test solution

Prepare cal
the concent
test solutior]

Convert the
of the calibr]

With concer

le response is obtained for each solution, record the readings. Aspirate the test soltitio
solutions at the proper points in the calibration series and record their readings.’Asp
ben each calibration and test solution. Repeat the measurements at least twic€)

et absorbance of each calibration solution by subtracting the averagerabsorbance g
tion solution. In a similar manner, obtain the net absorbance of the test'solution or di
by subtracting the absorbance of the corresponding blank test solution.

bration graphs by plotting the net absorbance values of the calibration solutions ag
Fation, in micrograms of potassium per millilitre (the test selution or, if diluted, the di
is the final test solution).

net absorbance of the final test solution to micrograms.ef potassium per millilitre by mj
ation graph.

itration readings, the calculation should be made from absorbances to permit checki

the graph’s linearity and the blank test value.

9 Expre

9.1 Calcu

The mass fr

s5sion of results

lation of mass fraction of potassium

hction of potassium, expréssed as a percentage, is calculated to five decimal places for

h the blank test solution, or diluted blank test solution, and the zero calibration salytion.

sor
irate

f the
uted

ainst
uted

eans

ng of

Inass

fractions higher than 0,01 %, and to)six decimal places for mass fractions lower than 0,01 %, @ising
Formula (1)
P
M, x 100

where

wg  i9the mass fraction of potassium, expressed as a percentage, of the test sample;

pM  is the concentration, in micrograms per millilitre, of potassium in the final test solution;

m1  is the mass, in grams, of test sample represented in 100 ml of the final test solution (8.4.6),

calculated from the following formula:

mxV
m =——-
100
m being the mass, in grams, of the test portion (see 8.2);
1% being the volume, in millilitres, of the aliquot taken in 8.4.3. If no dilution has been made,

V'=100.

© ISO 2017 - All rights reserved
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9.2.1 Repeatability and permissible tolerance
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The precision of this analytical method is expressed by the following regression formulae:

NOTE

Additional information is given in Annex B and Annex C.

Rq=0,024 3 X0,5653

P=0,044 0 X0,5908

(2)

(3

Q

Q

whet

9.2.2
Havi

indej
resu

9.2.3

Betw
by tv

d

L

Com

d:

0,008 6 X0,5653

. =0,014 3 X0,5969

e X (i.e. wg) is calculated as follows:

(4)

(5)

for the within-laboratory Formula (2) and Formula (4), the arithmetic mean of the dup|icate values;

for the between-laboratories Formula (3) and Formula (5), the arithmetic mearn of the final

results (9.2.5) of the two laboratories;

is the independent duplicate limit;

is the permissible tolerance between laboratories;
is the independent duplicate standard-deviation;

is the between-laboratories statidard deviation.

Determination of analytical result

Between-laboratories precision

bute the Fnl]nv\ring r}nanfify ncing Formula (6):

hg computed the independent duplicate results according to Formula (1), compare them with the
pendent duplicate limit (Rq), using the procedure given in Figure A.1, and obtain the fingl laboratory
t u (see 9.2.5).

een-laboratories precision is used to determine the agreement between the final resullts reported
fo laboratories. The assumption is that both laboratories followed the same procedure as described

in9.2.2.

Hip =

where

H1

H2

H12

My +Hy
2

is the final result reported by laboratory 1;
is the final result reported by laboratory 2;

is the mean of the final results.

Substitute u12 for X in Formula (3) and calculate P.

© IS0 2017 - All rights reserved
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If ‘/.11 - ,uz‘ < P, the final results are in agreement.

9.2.4 Check for trueness

The trueness of the analytical method shall be checked by applying it to a certified reference material
(CRM) or a reference material (RM) (see last paragraph of 8.3). Calculate the analytical result (u¢) for
the RM/CRM using the procedures in 8.1 and 8.2, and compare it with the reference or certified value
Ac. There are two possibilities:

a) ‘,uc - AC‘ < C,in which case, the difference between the reported result and the reference/certified

value is
b) |u -4
value is

where

statistically insignificant.

‘ > (,in which case, the difference between the reported result and the reference/cert

statistically significant.

Ue ist

Ac ist
C isa

Certified ref

ISO Guide 35%.

C shall be ca

!

e analytical result for the certified reference material;
e certified/reference value for the CRM/RM;
value dependent on the type of CRM/RM used.

erence materials used for this purpose should be prépared and certified in accordance
D

Iculated using Formula (7):

where

SLc
SWc
nwc
Nc

n

2
SWc
n

2

B¢ +

2

2 9%

Lt
n

We | o

C

is the between-laboratories standard deviation of the certifying laboratories;

is the within4aboratory standard deviation of the certifying laboratories;

is the aveérage number of replicate determinations in the certifying laboratories;
is thesmumber of certifying laboratories;

isthe number of replicate determinations carried out on the CRM/RM;

o1, and ogq

are as defined in 9.2.1.

ified

with

(7)

The following procedure should be used when the information on the reference material certificate is

incomplete:

if there are sufficient data to enable the between-laboratories standard deviation to be estimated,

delete the expression S%VC /n We and regard si¢ as the standard deviation of the laboratory means;

— ifthe certification has been made by only one laboratory or if the interlaboratory results are missing,
use Formula (8):

© ISO 2017 - All rights reserved
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2

(o

¢ =220+
n

(8)

A CRM certified by only one laboratory should be avoided unless it is known to have an unbiased
certified value.

9.2.5 Calculation of final result

The final result is the arithmetic mean of the acceptable analytical values for the test sample, or as
otherwise determined by the operations specified in Annex A, calculated to five decim

masq fractions of potassium higher than 0,01 % and to six decimal places for mass fraction
0,01 [%. For mass fractions higher than 0,01 %, the value is rounded off to the third-deci

1 places for

5 lower than
mal place as

specified in a), b) and c). In a similar manner, with the ordinal numbers increased by one, the value for

masyq fractions lower than 0,01 % is rounded off to the fourth decimal place.

a)

b)

c)

9.3
The

10

The

If the figure in the fourth decimal place is less than 5, it is discarded and the figure
decimal place is kept unchanged.

If the figure in the fourth decimal place is 5 and there is a figure other than 0 in the f
lace, or if the figure in the fourth decimal place is greater than5, the figure in the t}
lace is increased by one.

f the figure in the fourth decimal place is 5 and the figure O is in the fifth decimal pl
iscarded and the figure in the third decimal place ds kept unchanged if it is 0, 2, 4, §
increased by one ifitis 1, 3,5, 7 or 9.

Oxide factor

xide factor, expressed as a percentage, is,given by Formula (9):
WKZO =1,204 6 x wy

Testreport

test report shall include the following information:
the name and adéress of the testing laboratory;
the date of issiie of the test report;

a reference’to this document, i.e. ISO 13312;

the’details necessary for the identification of the sample;

in the third

ifth decimal
lird decimal

ace, the 5 is
or 8 and is

9

the result of the analysis;

the reference number of the result;

any characteristics noticed during the determination and any operations not specified in this
document which may have had an influence on the results, either for the test sample or for the

certified reference material(s).
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Annex A
(normative)

Flowsheet of the procedure for the acceptance of analytical values

Key

for test samples

Start with independent duplicate results

|X1-X2] <Ry

No

One more determination

Xmax - Xmin = 1:2Rd

No

One more determination

Xmax = Xmin < 1J3Rd

No

u= Median (Xll XZ! X3l X4)

Yes X1+ X

B} - 2

Yes X1+Xo + X3
- ﬂ = 3

Yes

X1+ Xo+ X3+ X,

4

Rq permissible tolerance within a laboratory (repeatability)

Figure A.1 — Flowsheet of the procedure for the acceptance of analytical values for test samples
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