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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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TECHNICAL REPORT ISO/TR 4688-1:2017(E)

Iron ores — Determination of aluminium —

Part 1:
Flame atomic absorption spectrometric method

WARNING—Thisdocument- may-involve- hazardous-materials; operationsandequipment. This

dqcument does not purport to address all of the safety problems associated with its,use. It is the
relsponsibility of the user of this document to establish appropriate health and safety practices.
1| Scope

This document describes a flame atomic absorption spectrometric method for“the determinatfion of the
mass fraction of aluminium in iron ores.

This method is applicable to mass fractions of aluminium between 0/4-%and 5,0 % in naturaliron ores,
irgn ore concentrates and agglomerates, including sinter products;
2| Normative references

There are no normative references in this document.

3| Terms and definitions
N¢ terms and definitions are listed in this document.
ISP and IEC maintain terminological databases for use in 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
THhe test portion is décomposed by treatment with hydrochloric acid and a small amount of nifric acid.
The mixture issevaporated to dehydrate silica, followed by dilution and filtration.

The residue’is ignited and silica is removed by evaporation with hydrofluoric and sulfuric gcids. The
regidue\is then fused with sodium carbonate and the cooled melt is dissolved in the filtrate.

The—sotutiomrobtained—is abpilatcd into—the—ftame—ofanmr—atomic aluau1ptiuu opct.tluuu:tc USil’lg a
dinitrogen oxide/acetylene burner.

The absorbance values obtained for aluminium are compared with those obtained from the calibration
solutions.

5 Reagents

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

5.1 Sodium carbonate (Na;CO3), anhydrous.

© IS0 2017 - All rights reserved 1
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5.2 Hydrochloric acid, p 1,19 g/ml.

5.3 Nitricacid, p 1,4 g/ml.

5.4 Hydrochloric acid, p 1,19 g/ml, diluted 1 + 9.

5.5 Hydrofluoric acid, p 1, 13 g/ml, 40 % (mass fraction), or p 1,185 g/ml, 48 % (mass fraction).

5.6 Sul

uric acid, p 1.84 g/ml. diluted 1 + 1.

5.7 Bagkground solution

Dissolve 10 g of high purity iron [minimum purity 99,9 % (mass fraction)] of mass fraction of aluminiy

less than

Evaporat

b until a syrupy consistency is obtained. Add 20 ml of hydrochloric acid (5:2) and dilute

200 ml with water. Dissolve 17 g of sodium carbonate (5.1) in water and add.it'to the iron soluti

Transfer

he solution to a 1 000 ml one-mark volumetric flask and dilute to volume with water.

5.8 Aluminium standard solution, 500 pg Al/ml.

Dissolve
hydrochl

D,5 000 g of high purity aluminium [minimum purity 99,9°% (mass fraction)] in 25 ml
bric acid (5.2). Cool, transfer to a 1 000 ml one-mark volumetric flask, dilute to volume w

water andl mix.

5.9 Aluminium calibration solutions

Transfer
(5.8)to 2

P,0 ml; 5,0 ml; 10,0 ml; 20,0 ml; 40,0 ml; and?50,0 ml portions of aluminium standard soluti
D0 ml volumetric flasks. Dilute to about 100ml. Add 6 ml of hydrochloric acid (5.2) and 60 ml,

background solution (5.7) to each flask. Prepare.a’zero aluminium calibration solution by transferri
60 ml of fhe background solution to a 200 m}-volumetric flask, and add 6 ml of hydrochloric acid (5.

Dilute all

the solutions to 200 ml with water-and mix. (For an atomic absorption spectrometer havi

high sensjitivity, smaller portions of the standard solution may be used.)

6 App
Ordinary|

aratus

laboratory apparatus, including one-mark pipettes and one-mark volumetric flasks complyi

with the gpecifications of 1SO 648 and ISO 1042, respectively, and the following.

6.1 Pla

6.2 Mu

kinum crucible, of capacity 30 ml.

ffle furnace, capable of maintaining a temperature of approximately 1 100 °C.

m

0,002 %, in 50 ml of hydrochloric acid (5.2) and oxidize by adding nitric acid (5.3).drop by dr¢p.

to
n.

of
th

bn
of
ng
D).
ng

6.3 Atomic absorption spectrometer, equipped with a dinitrogen oxide/acetylene burner.

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 flame is burning.

The atomic absorption spectrometer used in this method should meet the following criteria.

a) Minimum sensitivity: the absorbance of the most concentrated aluminium calibration solution

(5.9)

should be atleast 0,3.
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Graph linearity: the slope of the calibration graph covering the top 20 % of the concentrat

ion range

(expressed as a change in absorbance) should not be less than 0,7 of the value of the slope for the

bottom 20 % of the concentration range determined in the same way.

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, should be less than 1,5 % and 0,5 %, respectively, of the mean value of

the absorbance of the most concentrated calibration solution.

The use of a strip-chart recorder and/or digital readout device is recommended to evaluate criteria a),

b) Cllld L) Cllld fUl Cl}} Dbl]IJDCblblCllt ITIICTdAdS Ul ClllClltD

NOTE Instrument parameters can vary with each instrument. The following parameters were successfully
usgd in several laboratories and they can be used as guidelines. Solutions were aspirated'into a finitrogen
oxjde/acetylene flame of a premix burner.

Alfiminium hollow cathode lamp, mA 25

Wavelength, nm 396,2

Dipitrogen oxide flow rate, 1/min 13,8

Adetylene flow rate, l/min 6,6

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

7| Sampling and samples

7.1 Laboratory sample

Fdr analysis, use a laboratory sample of minus 100 um particle size which has been taken and|prepared
in[accordance with ISO 3082. In thescase of ores having significant contents of combined|water or
oxlidizable compounds, use a particle\size of minus 160 pm.

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

7.2 Preparation of predried test samples

Thoroughly mix thedaboratory sample and, taking multiple increments, extract a test samplq in such a
way that it is réprésentative of the whole contents of the container. Dry the test sample at 105(°C + 2 °C,

as|

8

specified iSO 7764. (This is the predried test sample.)

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 is not affected

by the previous result(s). For this particular analytical method, this condition implies that the repetition of the
procedure is carried out either by the same operator at a different time or by a different operator including, in
either case, appropriate recalibration.

© IS0 2017 - All rights reserved
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8.2 Test portion

Taking several increments, weigh, to the nearest 0,000 2 g, approximately 1 g of the predried test
sample obtained in accordance with 7.2.

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

8.3 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
should b¢ carried out in parallel with analysis of the ore sample(s] under the same conditions] A
predried fest sample of the certified reference material should be prepared as specified in 7.2.

The certiffied reference material should be of the same type as the sample to be analysed, 'dnd the
propertigs of the two materials should be sufficiently similar to ensure that, in either case,me significgnt
the analytical procedure will become necessary.

Where the analysis is carried out on several samples at the same time, the blank value may pe
represenfed by one test, provided that the procedure is the same and that the reagents used are frqm
the same|reagent bottles.

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

8.4 Determination

8.4.1 ecomposition of the test portion

Transfer fhe test portion (8.2) to a 250 ml beaker. Moisten with a few millilitres of water, add 25 ml
of hydrodhloric acid (5.2), cover with a watch-glass:and heat gently. Increase the heat and digest jyst
below bojling, until no further attack is apparent, Add 2 ml of nitric acid (5.3) and digest for several
minutes. Remove the watch-glass and evaporate the solution to dryness. Heat the salts on the hot-plgte
at 105 °Cfto 110 °C for 30 min. Add 5 ml of hydrochloric acid (5.2), cover the beaker with a watch-glafs,
and warm for several minutes. Add 50 ml of'water, heat to boiling, wash the watch-glass and the walls
of the begker, and filter the solution through a medium-texture paper into a 250 ml beaker. Carefufly
remove alll adhering particles with-asrubber-tipped rod or moistened filter paper. Wash three tinjes
with hydfochloric acid (5.4), thenrwith hot water until the filter paper is free of iron. Transfer the pager
and residpe to a platinum crucible (6.1). Evaporate the filtrate to about 100 ml and retain it.

Ignite thg paper andiz&sidue in the platinum crucible (6.1) at a low temperature (500 °C to 800 °C). Cojol,
moisten With a few drops of water, add 3 or 4 drops of sulfuric acid (5.6) and 10 ml of hydrofluoric a¢id
(5.5), Evgporatésslowly to expel silica and then fume to remove the excess sulfuric acid. Ignite at abqut
700 °C. Ald ,0¢g of sodium carbonate (5.1) to the residue (see Note), cover the crucible, and fuse ovef a
burner on in"a muffle furnace (6.2) until a clear melt is obtained (at about 1 100 °C for 15 min).

NOTE If difficulties are experienced with the fusion, 2 g of sodium carbonate (5.1) can be used, with a
doubled volume of hydrochloric acid (5.2). In this case, prepare the background solution (5.7) with doubled
quantities of sodium carbonate and hydrochloric acid.

8.4.3 Preparation of the test solution

Dissolve the cooled melt in the retained filtrate (see 8.4.1), then remove and wash in the crucible and
cover (see next paragraph).

If the solution is cloudy at this stage, indicating the presence of substantial amounts of hydrolysed
titanium, it should be filtered prior to the transfer to the 200 ml volumetric flask.

4 © IS0 2017 - All rights reserved
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Transfer the solution to a 200 ml one-mark volumetric flask, dilute to volume with water and mix. Use
this solution (the test solution) directly for the atomic absorption measurements, if the mass fraction of
aluminium in the test sample is between 0,1 % and 2,5 %. For mass fractions of aluminium greater than
2,5 %, transfer a 40 ml aliquot to a 200 ml one-mark volumetric flask (see next paragraph), add 50 ml
of background solution (5.7) and 4 ml of hydrochloric acid (5.2). Dilute to volume with water and mix.
(This solution is the diluted test solution.)

For instruments having high sensitivity, smaller portions of the test solution may be preferable. In this
case, the amounts of background solutions (5.7) and hydrochloric acid (5.2) should be adjusted.

3"‘ ot o 01at eSTSoTutIoin—Tc T Ot C aSK- T D3a kground
solution (5.7) and 4 ml of hydrochloric acid (5.2). Dilute to volume with water and mix. (This.qolution is
the diluted blank test solution.) (See next paragraph.)

4 A o
TU V O

The test solution should be measured together with the blank test solution, and the diluted tedt solution
with the diluted blank test solution.

8.4.4 Adjustment of the atomic absorption spectrometer

Sett the wavelength for aluminium (396,2 nm) to obtain minimum absorbance. Fit the correct burner
fol dinitrogen oxide and, in accordance with the manufacturer’s insStructions, light the flane. After
10 min of preheating the burner, adjust the fuel flow and burner tg.obtain maximum absorbajnce while
aspirating the calibration solution of highest mass fraction{oef aluminium (5.9). Then evdluate the
criteria in 6.3.

Agpirate water and the calibration solution of highest mass fraction of aluminium, to establish that the
absorbance reading is not drifting, and then set the reading for water to zero absorbance.

8.4.5 Atomic absorption measurements

Agpirate the aluminium calibration solutions (5.9) and test solutions (see 8.4.3) in order of ihcreasing
absorption, starting with the zero calibration solution and the blank test or diluted blank test olutions.
When a stable response is obtained, ferceach solution, record the readings. Aspirate the test|solutions
or| diluted test solutions at the appropriate points in the calibration series and record the |readings.
Agpirate water between each calibration solution and test solution.

Rdpeat the measurements at least twice.

If necessary, convert the, average of the readings for each calibration solution to absorbange. Obtain
the net absorbance. 6f)each calibration solution by subtracting the average absorbance of| the zero
calibration solutioh)ln a similar manner, obtain the net absorbance of the test solution, or that of the
diluted test solution, by subtracting the absorbance of the blank test solution, or that of the diluted
blank test solution, respectively.

Prlepare a-ealibration graph by plotting the net absorbance values of the calibration solutiors against
the mass concentration of aluminium, in micrograms per millilitre. (The test solution, or in th¢ case of a
dilution, the diluted test solution, is the final test solution.)

Convert the net absorbance value of the final test solution to micrograms of aluminium per millilitre by
means of the calibration graph.

© IS0 2017 - All rights reserved 5
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9 Expression of results

9.1 Calculation of mass fraction of aluminium

The mass fraction of aluminium, waj, expressed as a percentage, is calculated to four decimal places

using Formula (1):

pAl XZOO
" mx10000

1y

Pal
mx50
where

pal | isthe mass concentration, in micrograms per millilitre, of aluminium in the firtal test solutiqn;
m is the mass, in grams, of sample contained in 200 ml of the final test solution.

9.2 General treatment of results

9.2.1 Repeatability and permissible tolerance

The precision of this analytical method is expressed by the regression shown in Formulae (2), (3), (4)
and (5):

NOTE Additional information is given in Annexes B and C.
Ry =,0825 x 0242 2)
P=0[1223 x0°938 3)
o4=p,0291x05242 4)
oL =,0363 x %6101 5)
where

Rq s the independent duplicate limit;
P s the permissible tolerance between laboratories;

oq [isthe independent duplicate standard deviation;

o1, isthe between-laboratories standard deviation;

X  is the mass fraction of aluminium, expressed as a percentage, in the pre-dried test sample,
calculated as follows:

—  within-laboratory Formulae (2) and (4): the arithmetic mean of the duplicate values;

—  between-laboratories Formulae (3) and (5): the arithmetic mean of the final results (9.2.3)
of the two laboratories.

6 © IS0 2017 - All rights reserved
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9.2.2 Determination of analytical result

Having computed the independent duplicate results according to Formula (1), compare them with the
independent duplicate limit (Rq), using the procedure given in Annex A, and obtain the final laboratory
result uc (see 9.2.5).

9.2.3 Between-laboratories precision

Between-laboratories precision is used to determine the agreement between the final results reported
by two laboratories. The assumption is that both laboratories followed the same procedure as described

in

Cd

wi

9.2.2.

mpute the following quantity:

Uy + Uy

Hio= 5

lere

w1 isthe final result reported by laboratory 1;
w2  isthe final result reported by laboratory 2;

u 12 is the mean of final results.

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

If

9.

TH
(C
fo

Uq — U, | <P, the final results are in agreement,

.4  Check for trueness

e trueness of the analytical method sheuld be checked by applying it to a certified reference
RM) or a reference material (RM) (see second paragraph of 8.3). Calculate the analytical 1
- the RM/CRM using the procedures in 9.1 and 9.2, and compare it with the reference or

value Ac. There are two possibilities?

a)

b)

Luc —AC|£C in which case the difference between the reported result and the reference
value is statistically.insignificant;

|,uC —AC|> C in.which case the difference between the reported result and the reference
value is statistically significant.

lere

e s the analytical result for the certified reference material;

(6)

material

esult (uc)
certified

certified

certified

A icth artifind fenforanon uoalin for+tbha CDM /DM
T TIICO7 TCTCT TOT Tt

< oo .
7IC T CIIC—CCTC 7 CTIICCVvOTOCTOT CIITC GIvIvY VRIS ]

C isavalue dependent on the type of CRM/RM used.

Certified reference materials used for this purpose should be prepared and certified in accordance with
ISO Guide 35.

© IS0 2017 - All rights reserved
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C should be calculated using Formula (7):

where

SLc

C

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

2
S
SEC+HWC GZ
—‘N‘:+O-E+_d (7)
N n

SWc
nwce
N¢

n

oL, and oq are as defined in 9.2.1.

The folloy
incomple

— Ifthe
delet

— Ifthe
use H

C=2

A CRM c
certified

9.25 C

The final
otherwis

The arith

rounded
a) whern
decin

is the within-laboratory standard deviation of the certifying laboratories;
is the average number of replicate determinations in the certifying laboratories;
is the number of certifying laboratories;

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

ving procedure should be used when the information on the referénce material certificate
e.

re are sufficient data to enable the between-laboratories'standard deviation to be estimatg
e the expression s%vC /Ny, and regard sy as the standard deviation of the laboratory meay

pormula (8):

2
o

208 +—4
n

ertified by only one laboratory,sheuld be avoided unless it is known to have an unbias
yalue.

alculation of final result

result is the arithmletic mean of the acceptable analytical values for the test sample, or
e determined by the-operations specified in Annex A.

pff to the séeond decimal place as follows:

e the figure in the third decimal place is less than 5, it is discarded and the figure in the seco
halpldce is kept unchanged;

b) wher

metic meansefithe acceptable analytical values, calculated to the fourth decimal place,|i

—n

S

ld’
1S.

certification has been made by only one laboratory@r if the interlaboratory results are missing,

8)

as

hd

th

decimal place, or where the figure in the third decimal place is greater than 5, the figure in the
second decimal place is increased by one;

c) where the figure in the third decimal place is 5 and the Figure 0 is in the fourth decimal place, the 5
is discarded and the figure in the second decimal place is kept unchanged if it is 0, 2, 4, 6 or 8 and is

incre

ased by one ifitis 1, 3,5, 7 or 9.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=f08a0577fcc26d8f6541fa98cfadda95

ISO/TR 4688-1:2017(E)

9.3 Ocxide factor
The oxide factor, expressed as a percentage, is given by Formula (9):
WA1203 :1,8895WA [9)

10-Testreport

The test report should include the following information:
a)| name and address of the testing laboratory;

b)| date of issue of the test report;

c)| reference to this document,i.e. ISO/TR 4688-1;

d)| details necessary for the identification of the sample;
e)| results of the analysis;

f)| reference number of the result;

g)| any characteristic noticed during the determinatien; and any operation not specifidd in this
document which may have had an influence on thexesult, for either the test sample or thg certified

reference material(s).

© IS0 2017 - All rights reserved 9
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Annex A
(informative)

Flowsheet of the procedure for the acceptance of analytical values

for test samples

Start with independent duplicate results

No

One more-determination

Xmax — Xmin < 1,3R4

Yes X+ X,
| Xl - XZ | < Rd » U=
2
No
One more determination
Yes X1+ Xy + X3
Xmax — Xmin < 1,2Ry4 » [l = 3

_ X1+X2+X3+X4_
4

/-1=Median(xlv X2, X3, X4—)

NOTE Rgq is as defined in 9.2.1.

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

10
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