INTERNATIONAL ISO
STANDARD 9682-1

First edition
1991-12-01

Iron ores — Determination of manganese
content —

Part 1:
Flame'atomic absorption spectrometric method

Minerais-defer— Dosage du manganése —

Partie 1* Méthode par spectrométrie d"absorption atomique dans la
flamme'c/all

INLTLILDINIANATICYNIAL 1M

II

"'"'"Im!l
.mllll"”l

ga _é Reference number
== 1SO 9682-1:1991(E)



ISO 9682-1:1991(E)

Foreword
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national Standard requires approeval by catleasts75% of;thesxmember
bodies casting a vote.

International Standard ISO 9682-1 was prepared by TechnicabCommittee
ISO/TC 102, Iron ores, Sub-Committee SC 2, Chemical analysis.

ISO 9682 consists of the following parts, under the general title Jron ores
— Determination of manganese content. .

— Part 1: Flame atomic absorption spectrometric method
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under reference ISO 3886:1986)
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INTERNATIONAL STANDARD

ISO 9682-1:1991(E)

Iron ores — Determination of manganese content —

Part 1:

Flame atomic absorption spectrometric method

1 Scope

This part of ISO 9682 specifies a flame atomic ab-
sorption spectrometric method for the determination
of the manganese content of iron ores.

This method is applicable tol manganese’ contents
between 0,01 % (m/m) and 3 % (m/m) .in natural
iron ores, iron ore concentrates and agglémerates)
including sinter products.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 9682. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 9682 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 648:1977, Laboratory glassware — One-mark
pipettes.

ISO 1042:1983, Laboratory glassware — One-mark
volumetric flasks.

ISO 3081:1986, Iron ores — Increment sampling —
Manual method.

ISO 3082:1987, Iron ores — Increment sampling and
sample preparation — Mechanical method.

ISO 3083:1986, Iron ores — Preparation of samples
— Manual method.

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

3 Principle

Decompasition of @itest portion by one of the fol-
lowing methods.

a) Fusion / of the test portion in sodium
carbonate/sodium tetraborate flux and dissol-
ution of the cooled melt in hydrochloric acid.

b)- Treatment with hydrochloric acid, with the ad-
dition of a small amount of nitric acid. Evap-
oration to dehydrate silica, addition of
hydrochloric acid, dilution and filtration. Ignition
of the residue and removal of silica by evap-
oration with hydrofluoric and suifuric acids.
Fusion with sodium carbonate and sodium
tetraborate and dissolution of the cooled melt in
the filtrate.

Aspiration of the solution obtained in either case
into the flame of an atomic absorption spectrometer
using a dinitrogen oxide-acetylene flame.

Comparison of the absorbance values obtained with
those obtained from the calibration solutions.

4 Reagents

During the analysis, use only reagents of recognized
analytical grade and only distilled water or water of
equivalent purity.

4.1 Sodium carbonate (Na,CO,), anhydrous.
4.2 Sodium tetraborate (Na,B,0,), anhydrous.

4.3 Hydrochloric acid, p 1,16 g/ml to 1,19 g/ml.
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4.4 Hydrochloric acid, p 1,16 g/ml to 1,19 g/ml, di-
luted 1 + 1.

4.5 Nitric acid, p 1,4 g/ml.

4.6 Hydrofluoric acid, p 1,13 g/ml, 40 % (m/m), or
p 1,19 g/ml, 48 % (m/m).

4.7 Sulfuric acid, p 1,84 g/ml.
4.8 Sulfuric acid, p 1,84 g/ml, diluted 1 + 1.

4.9 Background solution.

Dissolve 12 g of metallic iron (wire or powder) or
17 g of iron oxide [in both cases with manganese
content less than 0,003 % (m/m)], in 100 m! of hy-
drochloric acid (4.3) by heating in a covered
1000 ml beaker. If metallic iron is used, oxidize by
adding nitric acid (4.5) drop by drop. Cool and add
300 ml of hydrochloric acid (4.3). Dissolve 32 g of
sodium carbonate (4.1) and 16g of sodium
tetraborate (4.2) in 300 ml of water, add carefully to
the iron solution and heat to remove carbon dioxide.
Cool, transfer to a 1000 ml ohé-mark Wolumetric
flask, dilute to volume with water and mix:

410 Manganese standard solutions.

4.10.1 Manganese stock solution; 500/1g-Mn/ml.

Dissolve 0,500 g of high purity manganese
[minimum purity 99,9 % (m/m)] in 25 ml of hydro-
chloric acid (4.4) in a covered tall-form beaker, while
heating. When dissolution is complete, cool, transfer
the solution to a 1000 ml one-mark volumetric flask,
dilute to volume with water and mix.

4.10.2 Manganese standard solution, 50 pg Mn/ml.

Transfer 50 ml of stock solution (4.10.1) to a 500 ml
one-mark volumetric flask, dilute to volume with
water and mix.

411 Manganese calibration solutions.

To a series of 100 ml one-mark volumetric flasks,
transfer 0 mi; 5,0 mi; 10,0 ml; 20,0 ml; 30,0 ml re-
spectively of manganese standard solution (4.10.2).
Add 25,0 ml of background solution (4.9) to each
flask, dilute to volume with water and mix.

NOTE1 The range of manganese concentrations that
can be covered may vary from one instrument to another.
Attention should be paid to the minimum performance
criteria described in 5.5. For instruments with high sensi-
tivity, the solution of highest concentration shown above
may be deleted from the series and an additional solution
included at the lower end, e.g. 2,0 ml of manganese stan-
dard solution (4.10.2).

5 Apparatus

Ordinary laboratory apparatus, including one-mark
pipettes and one-mark volumetric flasks complying
with the specifications of 1SO 648 and ISO 1042 re-
spectively, and

5.1 Platinum or suitable platinum alloy crucibles,
of minimum capacity 25 ml.

5.2 Muffle furnace, to provide a minimum tem-
perature of 1020 °C.

5.3 Combined magnetic stirrer/hotplate.

5.4 Stirring bars, polytetrafluoroethylene (PTFE)-
coated, 10 mm long.

NOTE 2 Items 53 and 5.4 are required only when de-
composition by alkaline fusion is used.

5.5 Atomic absorption spectrometer, equipped with
a dinitrogen oxide-acetylene burner.

The atomic absorption spectrometer used in this
method will be satisfactory if it meets the following
criteria.

a) Minimum sensitivity — the absorbance of the
most concentrated manganese calibration sol-
ution (4.11).is at least 0,27.

b)"'Graph’linearity — the slope of the calibration
graph covering the top 20 % of the concentration
range (expressed as a change in absorbance) is
not less than 0,7 of the value of the slope for the
bottom 20 % of the concentration range deter-
mined in the same way.

c) Minimum stability — the standard deviation of the
absorbance of the most concentrated calibration
solution and that of the zero calibration solution,
each being calculated from a sufficient number
of repetitive measurements, are less than 1,5 %
and 0,5 % respectively of the mean value of the
absorbance of the most concentrated calibration
solution.

NOTES

3 The use of a strip-chart recorder and/or digital readout
device is recommended to evaluate criteria a), b) and c)
and for all subsequent measurements.

4 Instrument parameters may vary with each instru-
ment. The following parameters were successfully used in
several laboratories and they can be used as guidelines.
Solutions were aspirated into a dinitrogen oxide-acetylene
flame of a premix burner.

Hollow cathode lamp, mA 5

Wavelength, nm 279,5



Dinitrogen oxide flow rate, I/min 7,5
Acetylene flow rate, I/min 40

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.

6 Sampling and samples

6.1 Laboratory sample

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

NOTE 6 A guideline on significant contents of combined
water and oxidizable compounds is incorporated in
ISO 7764.

6.2 Preparation of predried test samples

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

7 Procedure

7.1 Number of determinations

Carry out the analysis at least in duplicate in ac-
cordance with annex A, independently, on one pre-
dried test sample.

NOTE 6 The expression “independently” means that the
second and any subsequent result is not affected by the
previous result(s). For this particular analytical method,
this condition implies that the repetition of the procedure
shall be carried out either by the same operator at a dif-
ferent time or by a different operator including, in both
cases, appropriate recalibration.

7.2 Safety precautions

WARNING — Follow the manufacturer’s instructions
for igniting and extinguishing the dinitrogen oxide-
acetylene flame to avoid possible explosion hazards.
Wear tinted safety glasses whenever the burner is in
operation.

7.3 Test portion

Taking several increments, weigh, to the nearest
0,0002 g, approximately 0,5 g of the predried test
sample obtained in accordance with 6.2.
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7.4 Blank test and check test

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 ma-

terial shall be prepared as specified in 6.2.

NOTE 7 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 both cases no significant changes
in the analytical procedure will become necessary.

When the analysis is carried out on several samples
at the same time, the blank value may be rep-
resented by one test, provided that the procedure is
the same and the reagents used are from the same
reagent botties. '

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

7.5 Determination

7.5.1 “'Decomposition of the test portion

If the decomposition is to be based on fusion, pro-
ceed lasispecified im7.5.1.1. If it is to be based on
acidoattack, proceed as specified in 7.5.1.2.

7.5.1.1 Alkali fusion

Place 0,80 g of sodium carbonate (4.1) in a platinum
or suitable platinum alloy crucible (5.1), transfer the
test portion (7.3) to the crucible and mix well using
a platinum or stainless-steel rod. Add 0,40 g of
sodium tetraborate (4.2) and repeat the mixing using
the metal rod. Place the crucible in a muffle furnace
(5.2), with the temperature maintained at 1 020 °C to
1 040 °C, for 30 min.

Remove the crucible and gently swirl the melt as it
solidifies. Allow to cool, then place a PTFE-coated
stirring bar (5.4) in the crucible and place the
crucible on its side in a 150 ml low-form beaker. Add
20 ml of hydrochloric acid (4.4) and 30 m! of water.
Cover and heat while stirring on a magnetic
stirrer/hotplate (5.3) until dissolution of the melt is
complete.

NOTES

8 The crucible may need to be rolled to ensure complete
dissolution of the fused melt.

9 As an alternative to a magnetic stirrer/hotplate, an
ultrasonic bath may be used to facilitate dissolution of the
fused melt.
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Remove the crucible and stirrer and rinse, cool the
solution and transfer to a 100 m! one-mark volu-
metric flask. Dilute to volume with water and mix.
(This is the test solution.)

7.51.2 Acid attack

Transfer the test portion (7.3) to a 250 mi tall-form
beaker. Add 20 ml of hydrochloric acid (4.3), cover
with a watch-glass and heat for about 1 h on a
hotplate adjusted to give a temperature of 100 °C in
a test beaker containing a similar volume and depth
of sulfuric acid (4.7).

NOTE 10  When the amount of insoluble residue is high,
continue heating on a higher temperature zone of the
hotplate without boiling the solution.

Add 1 ml of nitric acid (4.5) and 0,2 ml of sulfuric
acid (4.8), and digest for 15 min. Remove the watch-
glass and evaporate the solution to dryness. Heat
the salts for 30 min on a hotplate adjusted«as before
to give a temperature of 100 °C to 115 °C in sulfuric
acid. Add 20 ml of hydrochloric acid (4.4), ceven the
beaker with a watch-glass and warm for several
minutes. Add 30 ml of water and heat to boiling.

Cool, wash the watch-glass ‘and//the/walls'of ‘the
beaker, and filter the solution through a medium:
texture filter paper containing filter pulp (0,3 g to
0,4 g dry mass) into a 150 ml low-form beaker.
Carefully remove all adhering particles with a
rubber-tipped glass rod or piece of moistened filter
paper, and transfer to the filter, washing the paper
with water until it is visibly free from iron. Reserve
the filtrate. Transfer the filter paper and residue to
a platinum or suitable platinum alloy crucible (5.1)
and start evaporating the filtrate to a final volume
of approximately 70 ml.

Dry and ignite the filter paper and residue in the
platinum or suitable platinum alloy crucible (5.1) at
approximately 800 °C. Cool, add 3 drops of sulfuric
acid (4.8) and 2 ml of hydrofluoric acid (4.6) or, in the
case of ores of high silica content, 5ml of
hydrofluoric acid. Evaporate slowly to expel silica
and continue heating to remove the sulfuric acid.
Ignite at approximately 800 °C for several minutes
and cool. Add 0,4 g of sodium tetraborate (4.2) and
0,8 g of sodium carbonate (4.1) to the residue, mix
and heat at 1000 °C for 15 min in a muffie furnace
(5.2) or over a pressurized air burner for a time suf-
ficient to produce a clear melt.

Cool the melt and place the crucible on its side in
the beaker containing the reserved filtrate evapor-
ated to approximately 70 ml. Heat the solution until
the fused salts are completely dissolved from the
crucible. Remove and rinse the crucible, cool the
solution and transfer to a 100 ml one-mark volu-
metric flask. Dilute to volume with water and mix.
(This is the test solution.)

7.5.2 Treatment of the test solution

If the manganese content in the test sample is be-
tween 0,01-% (m/m)yand: 0,3 % (m/m), use the test
solution; obtained in“either 7.5.1.1 or 7.5.1.2, directly
without dilution, For manganese contents between
0.2 % (m/m)cand 3 % (m/m), transfer an appropriate
aliquot of the test solution (see table 1) to a 100 ml
one:mark volumetric flask, add the amount of back-
ground-solution (4.9) indicated in table 1, dilute to
volume with water and mix. (This is the diluted test
solution.)

If a diluted test solution has been prepared, prepare
a corresponding diluted blank test solution as fol-
lows.

Transfer a corresponding amount of the blank test
solution, and the amount of background solution
(4.9) specified in table 1, to a 100 ml one-mark volu-
metric flask. Dilute to volume with water and mix.
(This is the diluted blank test solution.)

Table 1 — Dilution guide for test and blank test solutions

Expected content, wy,,, of Mn in . Volume of background solution (4.9)
" Aliquot
sample to be added
% (m/m) mi ml
0,01 to 0,3 No dilution 0
0,2to 0,6 50,0 12,5
05to 1,5 20,0 20
10to3 10,0 22,5
NOTE — The overlap in concentration ranges allows the content obtained to differ slightly from the content expected.
When in doubt, use the first range specified.




7.5.3 Adjustment of the atomic absorption
spectrometer

Set the wavelength of manganese (279,5 nm) to ob-
tain minimum absorbance and adjust the readout to
zero absorbance. Light the dinitrogen oxide-
acetylene flame, observing the safety precautions
of 7.2. After 10 min of preheating the burner, aspir-
ate the calibration solution of highest manganese
content (4.11) and carefully adjust the fuel flow and
burner position to obtain maximum absorbance.

Check that the conditions for zero absorbance were
maintained while aspirating water and again aspir-
ate the calibration solution of highest manganese
content to establish that the absorbance reading is
not drifting. Set the reading for water to zero
absorbance.

7.5.4 Atomic absorption measurements

Aspirate the calibration solutions (4.11) and the test
or diluted test solution in order of increasing con-
centration, starting with the zero calibration solution
and the blank test or diluted blank test solution.
When stable responses have-been obtained, recond
the readings in absorbance units!~Aspirate’ water
between each solution and repeat  the measure-
ments twice.

NOTES

11 The reagents used forlithe’preparation'of/'the”zero
calibration solution should have a low enoughimanganese
content for the absorbance value not to significantly ex-
ceed 0,01 with high performance instruments (absorbance
for the highest calibration solution above 0,6) and 0,005
with instruments of average to low performance (ap-
proaching the criterion in 5.5).

12 If, with an instrument of high sensitivity, the solution
of highest manganese concentration has been deleted
from the calibration series (see 4.11), it may also be
necessary to change the dilution guide in table1 (7.5.2).
In this case, move the values for the volumes of aliquots
and background solution to the line above for each range
of manganese content, using for the range of 1 % (m/m)
to 3 % (m/m) Mn a 5,0 ml aliquot with 23,8 ml of back-
ground solution.

Correct the absorbance values obtained for the
calibration solutions by subtracting the absorbance
of the zero calibration solution and prepare a cali-
bration graph by plotting the net absorbance values
against micrograms of manganese per millilitre. If
the graph is substantially linear, subtract the
absorbance obtained for the blank test or diluted
blank test from the absorbance obtained for the test
solution or diluted test solution as appropriate and,
using the graph, convert the net absorbance value
of the test solution or diluted test solution to micro-
grams of manganese per millilitre.

1) Additional information is given in annexes B and C.
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NOTE 13  If any curvature obtained approaches the limit
specified in 5.5 b), replot the graph using uncorrected
values for all solutions and establish the concentration of
the zero calibration solution from the intercept of the
graph on the negative side of the concentration axis. Add
this value to the nominal concentration values of the
calibration solutions and replot the graph to pass through
the origin. Determine from the graph the concentration of
manganese, in micrograms per millilitre, in the blank test
and test solutions respectively, and correct the concen-
tration of the test solution or diluted test solution with the
concentration of the blank test or diluted blank test as
appropriate.

8 Expression of results

8.1 Calculation of manganese content

The manganese content, wy,, as a percentage by
mass, is calculated to five decimal places for
manganese contents below 0,5 % (m/m) and to four
decimal places for manganese contents between
0,5 % (m/m) and 3 % (m/m), from the equation

PMn

WMnZ’m—XDF (1)

where

Pmn ~ is the concentration, in micrograms per
millilitre, of manganese in the test sol-
ution or diluted test solution;

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

DF is the dilution factor calculated from
100/V, when a dilution has been made
using V ml of test solution. When no di-
lution has been made, DF = 1.

8.2 General treatment of results

8.2.1 Repeatability and permissible tolerance

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

for alkali fusion

r=0,016 8 X + 0,004 8 ()
P=0,0318 X + 0,006 2 )
,=0,0059 X + 0,001 7 (4
o, =0,010 4 X + 0,001 9 ... (5

for acid attack
r=0,019 0 X + 0,004 0 ... (6)
P=00745 X—0,007 5
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(minimum value 0,002 9) (7

6,=0,006 7 X + 0,001 4 ... (8)

o =0,0259 X —0,003 2

(minimum value 0,001 0) ...(9)
where

X is the manganese content, expressed as

a percentage by mass, of the predried
test sample, calculated as follows:

— within-laboratory equations (2), (4), (6)
and (8): the arithmetic mean of the
duplicate values,

— between- Iaboratory equations (3), (5),
(7) and (9): the arithmetic mean of the
final results (8.2.3) of the two labora-

tories;

r is the permissible tolerance within a lab-
oratory (repeatability);

P is the permissible tolerance between
laboratories;

o, is the within-laboratory “standard “devi-
ation;

o is the between-laboratories standard de-
viation.

8.2.2 Acceptance of analytical values

The result obtained for the certified reference ma-
terial shall be such that the difference between this
result and the certified value of the reference ma-
terial is statistically insignificant. For a reference
material that has been analysed by at least 10 lab-
oratories using method(s) that are comparable both
in accuracy and in precision with this method, the
following condition may be used to test the signifi-
cance of the difference

2 Swi
Se t "wz 2 "f

IAC—A|<2 —]'V:—"F O’L+ ) . (10)

where

A, is the certified value;

A is the result or the mean of results ob-
tained for the certified reference ma-
terial;

Sie is the between-laboratories standard de-

viation of the certifying laboratories;

Swe is the within-laboratory standard devi-
ation of the certifying laboratories;

Pwe is the average number of replicate de-
terminations in the certifying labora-

tories;

N, is the number of certifying laboratories;

n is the number of replicate determinations
on the reference material (in most cases
n=1),

oL and o, are as defined in 8.2.1.

If condition (10) is satisfied, i.e. if the left-hand side
is less than or equal to the right-hand side, then the
difference |A.— A| is statistically insignificant;
otherwise, it is statistically significant.

When the difference is significant, the analysis shall
be repeated simultaneously with an analysis of the
test sample. If the difference is again signifcant the
nranad ochaAal At abad oo

plubcuulc bllaH UU repedicu Ublllg a Ulllb'lb‘lll (,Blll-
fied reference material of the same type of ore.

When the range of the two values for the test sample
is outside the limit for » calculated according to
equation (2) or (6), one or more additional tests shall
be carried out in accordance with the flowsheet
presented in annex A, simultaneously with a corre-
sponding blank\test :and/an analysis of a certified
reference material of the same type of ore.

Acceptability of the results for the test sample shall
in each case be subject to the acceptability of the
results| for the certified reference material.

NOTE 14 _ cThe following procedure should be used when
the information on the reference material certificate is
incomplete:

a) if there are sufficient data to enable the between-
laboratories standard devuahon to be estimated, de-
lete the expression Vw:/"w: and regard 5. as the
standard deviation of the laboratory means;

b) if the certification has been made by only one labora-
tory or if the interlaboratory results are missing, it is
advisable that this material not be used in the appli-
cation of the standard. In case its use is unavoidable,
use the condition

2
Ul’
IAC—-A|<2\/2«f+—n— (1)

8.2.3 Calculation of final result

The final result is the arithmetic mean of the ac-
ceptable analytical values for the test sample, or as
otherwise determined by the operations specified in
annex A, calculated to five decimal places for
manganese contents lower than 0,5 % (m/m) and to
four decimal places for contents between
0,5 % (m/m) and 3 % (m/m).

For manganese contents lower than 0,5 % (m/m),
the value calculated to five decimal places is
rounded off to the third decimal place as follows:



a)

c)

when the figure in the fourth decimal place is
less than 5, it is discarded and the figure in the
third decimal place is kept unchanged;

when the figure in the fourth decimal place is 5
and there is a figure other than O in the fifth
decimal place, or when the figure in the fourth
decimal place is greater than 5, the figure in the
third decimal place is increased by one;

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

In a similar manner, with the ordinal numbers de-
creased by one, the value for manganese contents
between 0,5 % (m/m) and 3 % (m/m) is rounded off
to the second decimal place.

8.3 Oxide factor

The oxide factor is given by the following equation:

Wano (76) = 1,281 wy, (%)

9
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Test report

The test report shall include the following infor-
mation:

a)
b)
c)

d)

name and address of the testing laboratory;
date of issue of the test report;
reference to this part of ISO 9682;

details necessary for the identification of the
sample;

result of the analysis;
reference number of the result;

any characteristics noticed during the determi-
nation, and any operations not specified in this
part of 1ISO 9682 which may have had an influ-
ence on the result, either for the test sample or
for the certified reference material(s).
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