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applying the most recent editions of the standards indicated below. Members of IEC and ISO maintai

currently v,
ISO 648:1
ISO 1042
ISO 3081:

ISO 3082:

—This International Standard may involve hazardous materials, operations andhequipment
al Standard does not purport to address all of the safety problems associated with)its use. It is
ity of the user of this International Standard to establish appropriate health and safety pract
nine the applicability of regulatory limitations prior to use.

ational Standard specifies a flame atomic absorption spectrometric method for the determinag
ron ores.

es and agglomerates, including sinter products.

itive references

ing standards contain provisions which, through reference in this text, constitute provi
al Standard. At the time of publication) the editions indicated were valid. All standards are subje
5 to agreements based on this International Standard are encouraged to investigate the
Hlid International Standards.

D77, Laboratory glassware — One-mark pipettes.

—1), Laboraton/glassware — One-mark volumetric flasks.

| 986, Iron ores — Increment sampling — Manual method.

| 987, Iron ores — Increment sampling and sample preparation — Mechanical method.

. This
the
ces

tion of the tin

bd is applicable to tin contents between 0,001% (nitm) and 0,015 % (m/m) in natural iron ¢res, iron ore

sions  of this
ct to revision,
possibility of
n registers of

ISO 3083:]

986, Iron ores — Preparation of samples — Manual method.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods.

ISO 7764:1985, Iron ores — Preparation of predried test samples for chemical analysis.

1) To be published. (Revision of ISO 1042:1983)
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3 Principle

©1SO

Treatment of the test portion with sulfuric acid and hydrofluoric acid in a platinum crucible. Removal of silica by heating
and evaporation. Fusion of the residue in sodium carbonate/sodium tetraborate flux, and dissolution of the cooled melt

in hydrochlori

c acid.

Reduction of iron by ascorbic acid and potassium iodide, followed by extraction of tin with tri-n-octyl phosphine oxide
(TOPO) in 4-methyl-2-pentanone (MIBK) solvent.

Aspiration of the tin TOPO-MIBK extract into a dinitrogen oxide-acetylene flame and measurement of absorbance of tin
at 286,3 nm resonance line using a tin hollow cathode lamp. Comparison of the absorbance values obtained with those
obtained from-calibration-selutions:

4 Reagents

During the ahalysis, use only reagents of recognized analytical grade and only water that cohforms to
I1ISO 3696:1987.

4.1 Sodiun carbonate (Na,CO,), anhydrous.

4.2 Sodiunm tetraborate (Na,B,0,), anhydrous.

4.3 Iron oxige (Fe,0,), of minimum purity 99,9% (m/m) and tin content <{0;000 2% (m/m).

4.4 Hydrochloric acid , p 1,16 g/ml to 1,19 g/ml.

4.5 Hydrochloric acid , p 1,16 g/mlto 1,19 g/ml, diluted 1 + 1.

4.6 Hydrochloric acid , p 1,16 g/mlto 1,19 g/ml, diluted 2'+ 3.

Add 200 ml of hydrochloric acid (4.4) to 300 ml of water and mix.

4.7 Hydrofi
4.8 Sulfurig
4.9 Sulfuric
4.10 Ascor
This solution

4,11 Potas

loric acid , p 1,13 g/ml, 40% (m/ng) or 1,19 g/ml, 48% (m/m).
acid , p 1,84 g/ml.

acid , p 1,84 g/ml, diluted 1 + 1.

bic acid solution\ =, 200 g/I.

shall be prepared freshly on the day of use.

Eium jodide-ascorbic acid solution

Dissolve 90

with water to 200 ml. This solution shall be prepared freshly just prior to use.

4.12 Tri- n-octyl phosphine oxide (TOPO)-4-methyl-2 pentanone (MIBK) solution

Dissolve 1 g of TOPO in 100 ml of MIBK.

4.13 Tin standard solution , 200 pg Sn/ml.

prade 2 of

and dilute

Dissolve 0,1 g of tin metal [purity > 99,5 % (m/m)] in a platinum dish (with cover) with 5 ml of hydrochloric acid (4.4).
After cooling, transfer the solution to a 500 ml one-mark volumetric flask, add 200 ml of hydrochloric acid (4.5), and
dilute to volume with hydrochloric acid (4.5).
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standard solution, 40 ug Sn/ml.

Transfer 20 ml of tin standard solution (4.13) to a 100 ml one-mark volumetric flask, dilute to volume with hydrochloric
acid (4.5) and mix.

4.15 Tin

standard solution, 10 ug Sn/ml.

Transfer 5,0 ml of tin standard solution (4.13) to a 100 ml one-mark volumetric flask, dilute to volume with hydrochloric
acid (4.5) and mix.

5 Appargtus
Ordinary Ipboratory apparatus, including one-mark pipettes and one-mark volumetric flasks, eamplying with the
specificatigns of ISO 648 and ISO 1042 respectively, and
5.1 Platinum crucible , 25 mlto 30 ml capacity.
5.2 Platigum rod.
5.3 Muffle furnace , suitable for heating at 1 000 °C to 1 020 °C.
5.4 Atonlic absorption spectrometer , equipped with a dinitrogen éxide-acetylene burner.
WARNING—To avoid possible explosion hazards, follow the manufacturer's instructions for igniting| and
extinguishing the dinitrogen oxide-acetylene flame. Wear tinted safety glasses whenever the flame is burning
The atomi¢ absorption spectrometer used in this method shallmeet the following criteria.
a) Minimum sensitivity - the absorbance of the most concentrated calibration solution (see 7.4.5) shall be fat least 0,13.
b) Graph linearity - the slope of the calibration-graph covering the top 20 % of the concentration range (expressed as a
changd in absorbance) shall be not less than 0,7 of the value of the slope for the bottom 20 % of the poncentration
range determined in the same way.
¢) Minimum stability - the standard deviation of the absorbance of the most concentrated calibration solition and that
of the Zero calibration solution eéach being calculated from a sufficient number of repetitive measurements, shall be
less than 1,5 % and 0,5 %-.respectively of the mean value of the absorbance of the most concentrated calibration
solution).
NOTES
1 The us¢ of a.stiip chart recorder and/or digital readout device is recommended to evaluate criteria a), b)land c) for all
subsequenl measurements.
2 Instrument parameters may vary with eacn istrument. I'ne 1ollowing parameters were successiully used In seve al laboratories
and they can be used as guidelines. A dinitrogen oxide-acetylene flame was used.
Hollow cathode lamp, mA 12,5
Wavelength, nm 286,3
Dinitrogen oxide flow rate, I/min 6,6
Acetylene flow rate, I/min 4,5

In systems where the values shown above for gas flow rates do not apply, the ratio of the gas flow rates may still be a useful

guideline.
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6 Sampling and samples

6.1 Laboratory sample

©1SO

For analysis, use a laboratory sample of minus 100 um particle size which has been taken in accordance with
ISO 3081 or ISO 3082 and prepared in accordance with ISO 3082 or ISO 3083. In the case of ores having significant
contents of combined water or oxidizable compounds, use a patrticle size of minus 160 pm.

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

6.2 Preparation of predried test samples

Thoroughly n
representativ
ISO 7764. (T

7 Procedu

7.1 Numbe
Carry out the
NOTE — Thq
result(s). For tl
same operator]

7.2 Test po

Taking sever
accordance

NOTE — Thg

7.3 Blank tg

In each run,
out in paralle
reference ma

NOTE — The
materials shoy
necessary. WH

a}

b of the whole contents of the container. Dry the test sample at 105 °C £ 2 °C, in 'accor
nis is the predried test sample.)

re

[ of determinations

analysis at least in duplicate in accordance with annex A, independéntly, on one predried test §
expression "independently" means that the second and any stibsequent result is not affected by

ne particular analytical method, this condition implies that the repetition of the procedure is carried out ¢

at a different time or by a different operator including, in eithercase, appropriate recalibration.

rtion

Al increments, weigh, to the nearest 0,0002 9, approximately 2 g of the predried test sample
ith 6.2.

test portion should be taken and weighed quickly to avoid reabsorption of moisture.

pst and check test

bne blank test and-one analysis of a certified reference material of the same type of ore shall
with the analysis\ef the ore sample(s) under the same conditions. A predried test sample of t
terial shall bedprepared as specified in 6.2.

certified reference material should be of the same type as the sample to be analysed and the propertig
Id be sufficiently similar to ensure that in either case no significant changes in the analytical procedure
er€ a.certified reference material is not available, a reference material may be used (see 8.2.4).

nix the laboratory sample and, taking multiple increments, extract a test sample in such @ Wiy that it is

ance with

ample.

he previous
ither by the

bbtained in

be carried
he certified

s of the two
Wwill become

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 used 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.

7.4 Determ

ination

7.4.1 Decomposition of the test portion

Transfer the test portion (see 7.2) to a crucible (5.1), moisten with a few drops of water, add 2 ml of sulfuric acid (4.9)
and 6 ml of hydrofluoric acid (4.7), mix well using a platinum rod (5.2) and wash the rod with water.


https://standardsiso.com/api/?name=9b8efa45bf7bfe2a1ec380b65575159e

©1S0 ISO 11534:1998(E)

Using a gas burner, heat the crucible gently at first, then to white fumes and continue heating until no fumes are
observed. Place the crucible in a muffle furnace (5.3) at 1 000 °C to 1 020 °C for 30 min.

NOTE 1 During the first heating, mix the contents periodically to facilitate the digestion of silica.

Cool the crucible and remove the residue on the crucible walls using a platinum rod. Add 1,6 g of sodium carbonate
(4.1) and 0,8 g of sodium tetraborate (4.2), mix well with a platinum rod, and heat over a Meker burner for 5 min or until
the mixture has partially melted. Add a further 1,6 g of sodium carbonate and 0,8 g of sodium tetraborate and repeat
the heating until fusion is virtually complete, swirling the crucible to remove any residue on its inner walls. Remove from
the heat source and swirl until the melt solidifies on the inner walls of the crucible. Place the crucible in a muffle furnace
at 1 000 °C to 1 020 °C for 15 min. Cool and place the crucible in a 200 ml beaker. Add 50 ml of hydrochloric acid (4.6),

cover the heakerwith awatch glnec and heat at 90 °C until dissolution of the melt is anplnfn

NOTES

2 A presslirized air burner or similar, capable of attaining a temperature of 900 °C or more, may be used instead of a Meker
burner.

3 The crugible may need to be rolled to ensure complete dissolution of the fused melt.
Remove the crucible and rinse. Cool the solution.

7.4.2 Tredtment of the test solution

Add 20 ml|of ascorbic acid solution (4.10) and 4 ml of potassium iodide*ascorbic acid solution (4.11) to th¢ test solution
(see 7.4.1) and mix. Transfer the solution to a 200 ml separating funnel having a mark indicating 100 ml olume. Dilute
to 100 ml with water and mix gently. Add 10 ml of TOPO-MIBK salution (4.12). Stopper the funnel and shgke vigorously

for 30 s. Allow the layers to separate.

Drain the lpwer aqueous layer. Using a dry filter paper, drain the organic layer into a 25 ml one-mark vdlumetric flask
and stopper it. Reserve the solution for atomic absorption measurement. (This solution is the TOPO-MIBK extract.)

7.4.3 Adjystment of atomic absorption spectronieter

Aspirate MIBK between the TOPO-MIBK extracts of each calibration and test solution.
Ensure that the trap and the drain tube are compatible with the MIBK solvent.

After completion of the test works-drain off MIBK from the trap.

For normal work with aguéous aspirations, dry and fill with water.

Set the wayvelength fontin (286,3 nm) to obtain minimum absorbance, and adjust the read-out to zero absqrbance.
Taking acqount of appropriate safety precautions, light the dinitrogen oxide-acetylene flame. After 10 min|preheating of

the burner} aspirate the TOPO-MIBK extract of the calibration solution having highest tin content and carefully adjust
the fuel flow and burner position to obtain maximum absorbance.

Check that the conditions for zero absorbance have been maintained while aspirating MIBK, and again aspirate the
TOPO-MIBK extract for the solution having highest tin content to establish that the absorbance reading is not drifting.
Set the reading for MIBK to zero absorbance.

NOTE — Water in the trap reservoir has to be emptied, dried and replaced with MIBK for aspirating the TOPO-MIBK extract into
the flame.


https://standardsiso.com/api/?name=9b8efa45bf7bfe2a1ec380b65575159e

ISO 11534:1998(E) ©1S0

7.4.4 Atomic absorption measurements

Aspirate the TOPO-MIBK extract for the calibration solutions and the test solution in order of increasing concentration,
starting with the zero calibration solution and the blank test solution. When stable responses have been obtained,
record the readings in absorbance units. Aspirate MIBK between each TOPO-MIBK extract and repeat the
measurements twice more.

NOTE — The reagents used for the preparation of the zero calibration solution should be sufficiently low in tin content.

Correct the absorbance values obtained for the calibration solutions by subtracting the absorbance for the zero
calibration solution, and prepare a calibration graph by plotting the net absorbance values against micrograms of tin per
millilitre. If the_graph is substantially linear, subtract the absorbance obtained for the blank test from the absorbance
obtained for the test solution and, using the graph, convert the net absorbance value for the test solution to.ricrograms
of tin per millilitre.

7.4.5 Preparption of calibration solutions
Transfer 2 g| of iron oxide (4.3) to each of six crucibles (5.1). Decompose iron oxide by following the|procedure

specified in 7}4.1. After cooling the solution, add the quantities of tin standard solutions (424 and 4.15) showh in table 1
and follow the¢ procedure specified in 7.4.2.

Table 1 — Calibration solutions

Solution number Tin standard Tin standard Tin content
solution (4.14) solution (4.15)
ml ml Mg
0 0 0 0
1 0 2 20
2 2 0 80
3 4 0 160
4 6 0 240
5 8 0 320

8 Express|on of results
8.1 Calculatjon of tin content

The tin contept, as a peréentage by mass, is calculated to four decimal places, using the equation

Sn % (mym)y™\. = (C, - C,) x 10 x 10°/m x 100

-3
—(C—C 1Y m . (1)

where
C, is the concentration of tin in the final test solution, in micrograms per millilitre;
C, is the concentration of tin in the blank test solution, in micrograms per millilitre;

m is the mass of the test portion in the final test solution, in grams.
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8.2 General treatment of results

8.2.1 Repeatability and permissible tolerances

The precision of this analytical method is expressed by the following regression equations. See annexes A and B.

where

<

8.2.2 Detgrmination of analytical result

Having computed the independent duplicate results- according to equation (1), compare them with the

duplicate

8.2.3 Between-laboratories precision

Between-
laboratories. The assumption isthat'both laboratories followed the same procedure described in 8.2.2.

Compute

Mo

where

H
H,
#1,2

TX o0
1l

ig the concentration of tin in the sample and is calculated as follows:

ig the independent duplicate standard deviation;

ig the permissible tolerance between laboratories.

0,016 6x+ 0,000 1
0,033 8x+ 0,000 1
0,045 9x + 0,000 4
0,100 7x + 0,000 3

= for the within-laboratory equations (2, 4), the arithmetic mean of the duplicatévalues;

= for the between-laboratory equations (3, 5), the arithmetic mean of the-final results (8.2.5
laboratories;

4 the between-laboratories standard deviation;

4 the independent duplicate limit;

limit (R,), using the procedure given ifi annex A, and obtain the final laboratory result u (see 8.2.5

laboratories precision is. used to determine the agreement between the final results rep

the following quantity:
|t M
2

(2
.(3)
(4)
.(5)

of the two

independent

).

prted by two

..(6)

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

is the mean of final results.

Substitute 1, , for x in equation (5) and calculate P.

If |:u1 - :uzl

=< P, the final results are in agreement.
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8.2.4 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 note in 7.3). Calculate the analytical result (1) for the RM/CRM using the procedures in
8.1 and 8.2, and compare it with the reference or certified value A.. There are two possibilities:

a) . —Al=<C in which case the difference between the reported result and the reference/certified value is
statistically insignificant;
b) [u.—Al>C in which case the difference between the reported result and the reference/certified value is
statistically significant.
where
u. s the final result for the certified reference material;
A, s the reference/certified value for the CRM/RM,;
C is a|value dependent on the type of CRM/RM used.
NOTE 1 Certffied reference materials used for this purpose should be prepared and certified in accordancgé with 1SO

Guide 35:1989

, Certification of reference materials— General and statistical principles.

For a CRM certified by an interlaboratory test programme
05 1/2

C=2[¢g2 + =2 + V(A)] ..(7)
where

V(A) is the variance of the certified value A, (=0 for a CRM certified by only one laboratoryy);

n is the number of replicate determinations carried out on the CRM/RM.
NOTE 2 This|type of CRM should be avoided-unless it is known to have an unbiased certified value.
8.2.5 Calculation of final result
The final reqult is the arithmeticvmean of the acceptable analytical values for the test sample, or as| otherwise
determined Ky the operations specified in annex A, calculated to six decimal places and rounded off to| the fourth
decimal placg as follows:
a) when the figure in:the fifth decimal place is less than 5, it is discarded and the figure in the fourth decimal place is

kept unchang

ed;

b) when the fi

gure in the Trin decimal place Is 5 and there IS a Tigure other than U In the SIXtn declimal place,

figure in the fifth decimal place is greater than 5, the figure in the fourth decimal place is increased by one;

r when the

¢) when the figure in the fifth decimal place is 5 and the figure 0 is in the sixth decimal place, the 5 is discarded and the
figure in the fourth decimal place is kept unchanged if itis 0, 2, 4, 6 or 8 and is increased by one ifitis 1, 3,5, 7 or 9.

8.3 Oxide factor

Wsno, =

1270 Wa,,

.(8)
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9 Test report

The test report shall include the following information :

a)
b)
c)
d)
e)
)

)

name and address of the testing laboratory;

date of issue of the test report:

reference to this International Standard, i.e. ISO 11534:1998;

details necessary for the identification of the sample;

res
refe
anyf

Sta
mat

LIt of the analysis;
rence number of the result;
characteristics noticed during the determination, and any operations not spéecified in this

ndard which may have had an influence on the result, for either the test sample or the certi
erial(s).

International
ed reference


https://standardsiso.com/api/?name=9b8efa45bf7bfe2a1ec380b65575159e

ISO 11534:1998(E)

Flowsheet of the procedure for the acceptance of analytical values

Annex A
(normative)

for test samples

Start with independent duplicate results

YES X1+ X
M=

No

| One more determination |

X9F X + X3
R N

| One more determination |

_ X1+ X+ X3+ Xy,

N 4

(= MediaD\Nx 1, X2, X3, X4)

10
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