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INTERNATIONAL STANDARD

1ISO 5889-1983 (E)

Manganese ores and concentrates — Determination of
aluminium, copper, lead and zinc contents — Flame
atomic absorption spectrometric method

1 ScopL and field of application
This International Standard specifies a flame atomic absorption
spectrometric method for the determination of the aluminium,
copper, leafl and zinc contents of manganese ores and concen-
trates.
The methofl is applicable to a concentration range of

0,1 t44,0 % (m/m) of aluminium;

0,005td 1,0 % (m/m) of copper;

0,006td 1,0 % (m/m) of lead;

0,005 td 0,25 % (m/m) of zinc.

This Interngitional Standard should be read in conjunction with
ISO 4297.

2 References

ISO 4296/1, Manganese ores — SamplingS=="Part 1 : Incre-
ment samplling.V

ISO 4296/4, Manganese ores — Sampling — Part 2 : Prepara-
tion of samples. !

ISO 4297, Manganese ores,apd concentrates — Methods of
chemical ahalysis — General instructions.

3 Pringiple

lead and zinc and dinitrogen oxide/acetyflene burner for
aluminium.

Comparison of absorbance valiies”obtained with those ob-
tained from the calibration selutions.

4 Reagents

4.1 Fusion mixture : 3 parts of potassiufn carbonate and
1 part of berjc.acid.

4.2 ‘Nitric acid, ¢ 1,40 g/ml.

4:3 Sulfuric acid, ¢ 1,84 g/ml.

4.4 Hydrochloric acid, ¢ 1,19 g/ml.
4.5 Hydrofluoric acid, 40 % (m/m), o 1,14 g/ml.
4.6 Hydrochloric acid, diluted 1 + 1.
4.7 Hydrochloric acid, diluted 1 + 50.

4.8 Aluminium, standard solution corresgonding to 1 g of
Al per litre.

Dissolve 0,500 0 g of high purity aluminium (purity 99,99 %) by
adding 25 ml of the hydrochloric acid (4.4) while heating.
When dissolved, allow the solution to cool, transfer it to a
500 ml one-mark volumetric flask, dilute with water to the mark
and mix.

Decomposition of a test portion by treatment with hydrochloric
and nitric acids.

Filtration of any insoluble residue after evaporation, the filtrate
being reserved as the main solution. Ignition of the filter con-
taining the residue. Treatment with hydrofluoric and sulfuric
acids. Fusion with a fusion mixture. Dissolution of the melt in
hydrochloric acid and combination of the solution obtained
with the main solution.

Aspiration of the solution into the flame of an atomic absorp-
tion spectrometer using an air/acetylene burner for copper,

1) At present at the stage of draft.

I-miof This Standard sofution contains T mg of Al.

4.9 Lead, standard solution corresponding to 1g of Pb
per litre.

Dissolve 1,000 0 g of high purity lead (purity 99,999 %) by ad-
ding 10 mi of the nitric acid (4.2) diluted 1 + 4 while heating.
When dissolved, allow the solution to cool, transfer it to a
1 000 ml one-mark volumetric flask, dilute with water to the
mark and mix.

1 ml of this standard solution contains 1 mg of Pb.
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4.10 Lead, standard solution corresponding to 0,05 g of Pb
per litre.

Transfer 25 ml of the standard lead solution (4.9) to a 500 ml
one-mark volumetric flask, dilute with water to the mark and

mix.

1 ml of this standard solution contains 0,05 mg of Pb.

4.11 Copper, s
Cu per litre.

Dissolve 0,100 0 d
adding 5 ml of th
solved, aliow the g
mark volumetric fl

1 ml of this stand

4.12 Zinc, stan
per litre.

Dissolve 0,100 0 ¢
ding 10 ml of the

tandard solution corresponding to 0,1 g of

4.14 Copper, lead, zinc and aluminium calibrations
solutions

From the standard copper (4.11), lead (4.9, 4.10), zinc (4.12)
and aluminium (4.8) solutions, prepare calibration solutions as
follows :

To each of a series of 100 ml one-mark volumetric flasks,
transfer 40 ml of background solution (4.13). Add volumes of
standard copper (4.11}, lead (4.9, 4.10), zinc (4.12) and
aluminium solutions (4.8) according to table 1, dilute with
water to the mark and mix (see the note to table 1)

of high purity copper (purity 99,99 %) by
B nitric acid (4.2) while heating. When dis-
olution to cool, transfer it to a 1 000 m! one-
psk, dilute with water to the mark and mix.

ird solution contains 0,1 mg of Cu.

Hard solution corresponding to 0,1 g of Zn

of high purity zinc (purity 99,99 %) by ad-
hydrochloric acid (4.6) while heating. When

dissolved, allow the solution to cool, transfer it to a 1 000 mi

one-mark volumet
mix.

1 mi of this stand

ric flask, dilute with water to the mark and

brd solution contains 0,1 mg of Zn.

4.13 Backgroupd solution.

Place 12,50 g of h
ty iron in a 1 50§
hydrochloric acid
heating. Add 18,
boric acid and heg
transfer it toa 1 (
water to the mark

NOTE — The backd

gh purity manganese and 1,25 g of high puri-
D ml beaker and dissolve in 625 ml of the
(4.6) and 25 ml of the nitric acid (4.2) while
/5 g of potassium carbonate and_6,25 g of
at to dissolve. Allow the solution to cool,
100 ml one-mark volumetric flask, dilute with
and mix.

round solution should/be ‘absolutely free from the

elements to be detefmined.

Table1 — Standard solutions to be added for preparation of calibration solutions

5 Apparatus

Ordinary laboratory apparatus and

5.1

Platinum crucible.

5.2 Atomic absorption\spectrometer, equipped with an
air/acetylene and a difitrogen oxide/acetylene burngr.

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

a) Minimum sensitivity : the absorbance of the highest
calibration solution (see 4.14) shall be at least 0,8.

B} Curve linearity : the slope of the calibration curve
covering the top 20 % concentration range (exprpssed as a
change in absorbance) shall not be less than 0,7 of the value
of the siope for the bottom 20 % concentration range deter-
mined in the same way.

c)  Minimum stability : the standard deviation of the absor-
bance of the most concentrated calibration sclutipn and the
standard deviation of the absorbance of the zero talibration
solution, each being calculated from a sufficient humber of
repetitive measurements, shall be less than 15 % and
0,5 %, respectively, of the mean value of the absgrbance of
the most concentrated solution.

Al Cu Pb Zn
Standard Content Standard Content Standard Content Standard Content Standard Content
solution in cali- solution in cali- solution in cali- solution in cali- solution in cali-
1 mg/ml bration 0.1 mg/ml bration 1 mg/ml bration 0,05 mg/ml bration 0,1 mg/ml bration

(4.8) solution (4.11) solution (4.9) solution (4.10) solution (4.12) solution
mi ug/mi ml ug/ml ml ug/ml mi Hg/mi ml Hg/mi
0 0 0 0 0 0 0 0 0 0
1,0 10 1,0 1,0 1,0 10 1,0 0,5 1,0 1,0
2,5 25 2,5 2,5 2,5 25 2 1 1,5 1,5
5,0 50 5,0 5,0 5,0 50 6 3 2,0 2,0

10,0 100 7,5 7,5 7,5 75 14 7 2,5 2,5

15,0 150 10,0 10,0 10,0 100 20 10 3,0 3,0

NOTE — The range of the elements which can be covered may vary from instrument to instrument. Attention should be paid to the minimum criteria
given in 5.2. For instruments with high sensitivity, smaller portions of the standard solution or a more diluted standard solution can be used.
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The atomic absorption spectrometer shall be preferably attach-
ed to a chart recorder and/or digital readout device and capable
of measuring absorbance at the following wavelengths :

Aluminium 309,3 nm

1SO 5889-1983 (E)

hydrochloric acid (4.4) and add 20 ml of hot water. Filter the
residue on a medium-texture filter paper containing some filter
pulp [previously washed with hot hydrochloric acid (4.7) and
water]. Carefully remove all adhering particles with a rubber-
tipped glass rod, and wash the beaker with water. Wash the
filter paper with the residue with hot hydrochloric acid (4.7),
then with hot water till the yellow colour of the filter paper

disappears. Reserve the filtrate (main solution).

7.3.2 Treatment of the residue

i i latinum crucible
(5.1). Ignite the paper and residue at a_témperature less than

600 °C. Allow to cool, moisten with~two

Copper 324,8 nm
Lead 283,3 nm
Zinc 213,8 nm
Trﬁncfn'r
6 Sampling

For the sa:l:'\pling of manganese ores, see ISO 4296/1. For the
preparatio of samples, see 1ISO 4296/2.

7 Procedure

7.1 Safety precaution

Follow thd
tinguishing
sible expl
the flame

manufacturer’s instructions for igniting and ex-
the dinitrogen oxide-acetylene flame to avoid pos-
ion hazards. Wear tinted safety glasses whenever
burning.

7.2 Test portion

Weigh apgroximately 2 g of the test sample.
7.3 Detprmination

7.3.1 Defomposition of the test portion

Transfer the test portion (7.2) to a 200 ml-breaker, moisten with
water, disfolve in 40 ml of the hydrochloric acid (4.6) while
heating, maintaining the volumeconstant by addition of water.
After decdmposition of the test portion, add 2 ml of the nitric
acid (4.2),|boil the solution, till nitrous oxides cease to evolve,
then evapprate the solution to dryness. Add 10 ml of the
hydrochlofic acid (4@)\to the dry residue and evaporate to
dryness again. Redissolve the salts by heating with 10 ml of the

water, add 1 ml of the sulfuric acid (4.3) and
hydrofluoric acid (4.5). Evaporate)siowly td

br three drops of
5 to 10 ml of the
expel silica and

then fume to remove the excess of sulfuric adid. Ignite at about
600 °C. Allow to cool, add 2;0-g of the fusign mixture (4.1) to

the residue and fuse infaymuffle furnace

burner, then heat at 1(000 °C for 5 min.

r over a Mecker

Allow to cool, trarisfer the crucible with the melt to the original

200 ml beaker,add 10 ml of the hydrochlo
dissolve theymelt while heating. Remove and
(the volume of the solution shall not exceed

Combine the solution obtained with the mai
filter, if necessary, through a medium-textur
taining some filter pulp [previously w
hydrochloric acid (4.7) and water].

7.3.3 Preparation of the test solution

Transfer the solution (7.3.2) to a 200 ml on
flask, dilute to the mark with water and mix

Use this solution for aluminium contents up
copper contents up to 0,1 % (m/m), lead i
ranges and zinc contents up to 0,025 % (m

For aluminium contents over 1,50 % (m/m),

ric acid (4.6) and
wash the crucible
50 mi).

h solution (7.3.1),

e filter paper con-
bshed with hot

-mark volumetric

to 1,50 % (m/m),
all concentration
m).

rinc contents over

0,025 % (m/m) and copper content ovgr 0,1 % (m/m),

transfer the aliquot portion of this solution

(see table 2) to a

100 ml one-mark volumetric flask, add tihe corresponding

amount of background solution (4.13), dilutg
water and mix.

Table 2 — Dilution guide for test solution

to the mark with

Background
ot toment Aliquot | solution “in the selution
i 13) t
Element in sample portion l::, ad)deod measured
% (m/m) mi ml ug/mil
Al 0,1 upto1,5 — — 10 to 150
1,5 wupto3,0 50 20 75 to 150
30 upto4,0 25 30 75 to 100
Zn 0,005 up to 0,025 — — 05 to 25
0,025 up to 0,05 50 20 1,25t0 25
0,05 upto0,1 20 32 1,0 to 2,0
0,1 upto0,25 10 36 1,0 to 25
Cu 0,005 up to 0,1 — — 05 to 10
0,1 upto1,0 10 36 1,0 to 10
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To prepare the blank solution, dissoive 1 g of high purity
manganese and 0,1 g of the high purity iron in 40 m! of the
hydrochloric acid {4.6) in a 200 ml breaker. Carry out the blank

test through all stages of the analysis.

7.3.4 Adjustment of atomic absorption spectrometer

Optimize the response of the instrument as described in 5.2.

Set the wavelength for

{324,8 nm), lead

minimum absorbance.

ide/acetylene (wit
determination of

burner after 10 mir
while aspirating th

Aspirate water and
absorbance readir]
reading for water

7.3.5 Spectrosc

Aspirate water u
Aspirate the calibr|
the order of incre

aluminium (309,3 nm), copper
(283,3 nm) or zinc {213,8 nm) to obtain
A gas mixture of dinitrogen ox-

V is the final volume, in millilitres, of the test solution;

m, - is the mass, in grams, of the test portion correspon-
ding to the aliquot portion of the test solution;

K is the conversion factor for the expression of the
aluminium, copper, lead or zinc content on the dry basis.

8.2 Permissible tolerances on results of paraliel
determinations

h_thg_ap'r_\rnprinfn burner) is used for the
opper, lead and zinc. Adjust the fuel and
preheating to obtain maximum absorbance
B highest calibration solution (see 4.14).

the calibration solution to establish that the
g is not drifting and then set the initial
0 zero absorbance.

bpic measurements

htil the initial reading is again obtained.
htion solutions and the final test solution in
hsing absorption, starting with the reagent
zero calibration solution and the final test

blank solution, thg
solution being as

irated at the proper points in the series.

When a stable response is obtained for each solution, record
the readings. Aspifate water between each calibration and test

solution. Repeat t

If necessary, con
calibration solution
of each calibration|
bance of the zero

tain the net absorf
absorbance of the

Prepare calibratio
values of the calib
Pb, Zn, in microgr.
values of the test 4
millilitre by means

8 Expression

8.1 Calculatio

e measurements at least twice more.

ert the average of the readings for each
to absorbance. Obtain the net absorbance
solution by substracting the average absor-
balibration solution. In a similar manner, ob-
ance of the test solution by subtracting the
reagent blank solution.

h curves by plotting the net) absorbance
tion solutions against thé masses of Al, Cu,
ms per millilitre. Convertthe net absorbance
olution to micrografms)of Al, Cu, Pb, Zn per
of the calibratioricurve.

of results

n

Table 3 — Permissible tolerances on.coppger
or lead content

Permissible tolerange
Copper or Three parallel Two parallel
lead content .. 7. .
determinations | determjnations

% (m/m) %) (m/m) % (fn/m)
From 0,005 to 0,01 0,004 0,003
From 0,01 to 0,02 0,006 0,p05
From 0,02 to 0,05 0,008 0,007
From 0,05 to @, 10 0,015 0,p10
From 0,10 10.0,20 0,025 0,020
From 0,20.+t0'0,50 0,040 0,p30
From 0,60 “to 1,0 0,050 0,p40

Table 4 — Permissible tolerances on zinc cohtent

Permissible toleranfe

Zinc content Three parallel Two parallel
determinations | determiinations
% (m/m) % (m/m) % (ln/m)
From 0,005 to 0,01 0,004 0,p03
From 0,01 to 0,02 0,006 0,p05
From 0,02 to 0,05 0,008 0,po7
From 0,05 to 0,10 0,015 0,p10
From 0,10 to 0,25 0,025 0,p20

Table 5 — Permissible tolerances on aluminium|content

Permissible tolerance

The aluminium (Al), copper (Cu), lead (Pb) or zinc (Zn) con-
tents, expressed as a percentage by mass, are given by the

formula

CxV

m, x 104

where

x K

C is the concentration, in micrograms per millilitre, of
aluminium, copper, lead or zinc in the test solution, ob-
tained from the calibration graph;

Aluminium content Three parallel Two parallel
determinations | determyinations
% (m/m) % (m/m) % (m/m)
From 0,10 to 0,20 0,025 0,02
From 0,20 to 0,50 0,04 0,03
From 0,50 to 1,0 0,05 0,04
From 1,0 to 2,0 0,07 0,06
From 2,0 to 4,0 0,15 0,10

8.3 Oxide factor

Al,031[% (m/m)] = 1,8895 x Al [% (m/m)]
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