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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. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Pcblication as an Inter- 
national Standard requires approval by -at least 75 % of the member 
bodies casting a vote. 

International Standard ISO 9684 was prepared by Technical Committee 
ISO/TC 102, Iran ores, Sub-Committee SC 2, Chemical analysis. 

Annex A forms an integral part of this International Standard. Annexes 
B and C are for information only. 
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INTERNATIONAL STANDARD ISO 9684:1991 (E) 

Iron ores - Determination of vanadium content - Flame 
atomic absorption spectrometric methods 

1 Scope 

This International Standard specifies two flame 
atomic absorption spectrometric methods for the 
determination of the vanadium content of iron ores. 

Method 1 is applicable to vanadium contents be- 
tween 0,005 % (m/m) and 0,05 % (m/m), and Method 
2 to vanadium contents between 0,05 % (m/m) and 
0,5 % (m/m) in natura1 iron ores, iron ore concen- 
trates and agglomerates, including Sinter products. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and Parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the Standards in- 
dicated 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 t7asks. 

ISO 3081:1986, Iran ores - Increment sampling - 
Manual method. 

ISO 3082:1987, Iran ores - Increment sampling and 
Sample preparation - Mechanical method. 

ISO 3083:1986, Iran ores - Preparation of samples 
- Manual method. 

ISO 7764:1985, lron ores - Preparation of predried 
test samples for Chemical analysis. 

3 Principle 

3.1 Dissolution 

Decomposition of the test Portion by digestion with 
hydrochloric acid in a polytetrafluoroethylene (PTFE) 
beaker, addition of hydrofluoric and nitric acids and 
evaporation to dryness. Addition of hydrochloric and 
boric acids and evaporation to dryness. Dissolution 
of the salts in hydrochloric and nitric acids 
(Method 1), or hydrochloric acid (Method 2), and frl- 
tration. Ignition and fusion of the residue with 
sodium carbonate and dissolution of the cooled melt 
in the test solution. 

3.2 Determination 

3.2.1 Extraction (Method 1 only) 

Oxidation with cerium(lV) Solution and addition of 
orthophosphoric acid and sodium tungstate Solution. 
Extraction of the vanadium complex with a 1 + 1 
mixture of 1-pentanol and methyl isobutyl ketone. 
Treatment of the solvent Phase with water and then 
ascorbic acid Solution to return the vanadium to an 
aqueous Phase. 

3.2.2 Measurement (Methods 1 and 2) 

Addition of aluminium Solution to the test Solution 
and dilution to volume. Aspiration into a dinitrogen 
Oxide-acetylene flame in an atomic absorption 
spectrometer and measurement of the absorbance 
at a wavelength of approximately 318,5 nm. 

4 Reagents 

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

4.1 Hydrochlorit acid, p 136 g/ml to 1,19 g/ml. 
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4.2 Hydrochioric acid, p 
luted 1 + 1. 

4.3 Hydrofiuoric acid, p 
p 1,19 g/ml, 48 % (m/m). 

4.4 Nitrit acid, p 1,4 g/ml 

1,16 g/ml to 1,19 g/ml, di- 

1,13 g/ml, 40 % (m/m), or 

4.5 Nitrit acid, p 1,4 g/ml, diluted 1 + 1. (Method 1 
only.) 

4.6 Orthophosphoric acid, p 17 g/ml, diluted 
1 + 2. (Method 1 only.) 

4.7 Sodium carbonate (Na,CO,), anhydrous pow- 
der. 

4.8 Boric acid (H,BO,). 

4.9 Ammoniun cerium(iV) nitrate [(NH,),Ce(NO,),], 
20 glr Solution. (Method 1 only.) 

Dissolve 2,0 g of ammonium cerium(lV) nitrate in a 
mixture of 15 ml of nitric acid (4.5) and 85 ml of wa- 
ter. 

4.10 Sodium tungstate (Na,W0,.2H,O), 165 g/l sol- 
ution. (Method 1 only.) 

Dissolve 16,5 g of sodium tungstate dihydrate in ap- 
proximately 70 

4.11 Ascorbic 
(Method 1 only.) 

Prepare freshly 

nl of water, dilute to 100 ml and mix. 

acid (C,H,O,), 10 g/l solution. 

for each series of tests. 

4.12 Pentan-l-o1 (n-amyl alcohol, 1-pentanol). 
(Method 1 only.) 

4.13 4-Methylpentan-2-one (methyl isobutyl ketone, 
MIBK). (Method 1 only.) 

4.14 Mixed solvent. (Method 1 only.) 

Prepare a 1 + 1 volume ratio mixture of Pentan-l-01 
(4.12) and MIBK (4.13). 

4.15 Aluminium chioride (AICI,.GH,O), 220 g/l sol- 
ution. 

Dissolve 220 g of aluminium chloride hexahydrate in 
water, add 50 ml of hydrochloric acid (4.1), dilute to 
1000 ml with water and mix. 

4.16 iron Oxide, high purity (containing less than 
0,002 % V). 

4.17 Iron background solution. (Method 2 only.) 

Dissolve 90 g of high purity iron Oxide (4.16) in 
750 ml of hydrochloric acid (4.1) while heating. Cool 
and carefully add a Solution of 30 g of sodium 
carbonate (4.7) in 200 ml of water. Dilute with water 
to a final volume of approximately 1000 ml and mix. 

NOTE 1 The use of an equivalent quantity of metallic 
iron (of similarly low vanadium content) in conjunction 
with a suitable oxidant is permissible. 

4.18 Vanadium Standard solution, 1 mg V/ml. 

Dry ammonium monovanadate (NH,VO,) in an air 
oven at 100 *C for 1 h and cool to room temperature. 
Dissolve 2,296 g of the dried product in approxi- 
mately 600 ml of water, transfer to a 1000 ml one- 
mark volumetric flask, dilute to volume with water 
and mix. 

4.19 Diluted vanadium Standard solution, 0,2 mg 
V/ml. (Method 1 only.) 

Transfer 20,O ml of vanadium Standard Solution 
(4.18) to a 100 ml one-mark volumetric flask, dilute 
to volume with water and mix. 

4.20 Vanadium caiibration soiutions. (Method 1 
only.) 

Transfer 1,8 g of high purity iron Oxide (4.16) to each 
of five 100 ml PTFE beakers (5.1). Proceed according 
to 7.5.1, incorporating the Operation in 7.5.2 to dis- 
solve the evaporated salts. 

Transfer 0 ml; 1,00 ml; 2,00 ml; 4,00 ml and 6,00 ml 
of the diluted Standard vanadium Solution (4.19) re- 
spectively to the beakers. Omit the residue pro- 
cessing Steps and add 10 ml of nitric acid (4.5) and 
25 ml of water. Evaporate to 50 ml and proceed as 
specified in 7.5.3. 

4.21 Vanadium caiibration solutions. (Method 2 
only.) 

Transfer 0 ml; 1,00 ml; 2,00 ml; 4,00 ml and 6,00 ml 
of vanadium Standard Solution (4.18) respectively to 
five 100 mf one-mark volumetric flasks. Add 10 ml 
of iron background Solution (4.17), 4,0 ml of alu- 
minium chloride Solution (4.15) and 0,5 g of boric 
acid (4.8) to each flask. Dilute to volume with water 
and mix. 

5 Apparatus 

Ordinary laboratory equipment, including one-mark 
pipettes and one-mark volumetric flasks complying 
with the specifications of ISO 648 and ISO 1042 re- 
spectively (unless otherwise indicated), and 
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5.1 Polytetrafluoroethyiene (PTFE) beakers, of ca- 
pacity 100 ml, preferably low form. 

5.2 Piatinum crucibles, of minimum capacity 20 ml. 

5.3 Muffle furnace. 

5.4 Separating funnels, 100 ml (preferably gradu- 
ated). 

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 vanadium calibration Solution 
(4.21) is at least 0,25 (see note 4). 

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 

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

3 Instrument Parameters 

- V-hollow cathode lamp, mA 10 

- Wavelength, nm 318,5 

- Dinitrogen Oxide flow rate, I/min 9s 
- Acetylene flow rate, I/min 398 

The slit width should be sufficiently narrow to substantially 
reject the stronger emitting but weaker absorbing line at 
318,4 nm. 

In Systems where the values shown above for gas flow 
rates do not apply, the given ratio of the flow rates (52) 
may still be. a useful guideline. 

4 To check the instrument criteria when only Method 1 
is involved, prepare the highest calibration solution 
specified for Method 2, omitting the iron background sol- 
ution. 

6 Sampling and samples 

6.1 Laboratory Sample 

For analysis, use a laboratory Sample of minus 
100 Pm particle size which has been taken in ac- 
cordante 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 Pm. 

NOTE 5 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 a test Sample in such a 
way that it is representative of the whole contents 
of the Container. Dry the test Sample at 
105 “C + 2 OC 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- 
cordante 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 instructlons 
for lgnitlng and extinguishing the dinitrogen oxide- 
acetylene flame to avoid possibie expiosion hazards. 
Wear tinted safety glasses whenever the burner is in 
Operation. 

7.3 Test Portion 

Taking several increments, weigh, to the nearest 
0,0005 g, approximately 2 g (Method 1) or 1 g 
(Method 2) of the predried test Sample obtained in 
accordance with 6.2. 

NOTE 7 The test Portion should be taken and weighed 
quickly, in Order to avoid reabsorption of moisture. 
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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 8 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 bottles. 

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 certifred reference material may 
be used. 

7.5 Determination Method 1 [vanadium 
content between 0,005 % (m/m) 
and 0,05 % (m/m)] 

7.5.1 Decomposition of the test Portion 

Transfer the test Portion (7.3) to a 100 ml PTFE 
beaker (5.1) and add 25 ml of hydrochloric acid 
(4.1). Cover and mix, and then digest just at the 
boiling Point for 1 h. Add 0,25 ml of nitric acid (4.4) 
mix and then digest for a further 10 min. Add 10 ml 
of hydrofluoric acid (4.3) and evaporate to dryness. 
Add 10 ml of hydrochloric acid (4.1) and 0,5 g of 
boric acid (4.8), and repeat the evaporation to 
dryness. 

7.5.2 Dissolution of salts and residue treatment 

Add 2 ml of hydrochloric acid (4.2), 4 ml of nitric acid 
(4.5) and 10 ml of water to the PTFE beaker. Add a 
stirring rod and heat to dissolve the salts. Filter 
through a close-texture filter Paper into a 150 ml 
low-form beaker marked at the 50 ml capacity Point, 
adding a further 10 ml of nitric acid (4.5) and 25 ml 
of water to the original PTFE beaker, while heating, 
to facilitate cleaning of the beaker and transfer of 
any residue to the Paper. Wash the residue with 
water. 

Transfer the residue to a platinum crucible (5.2), dry, 
ash and ignite the residue at 600 OC to 700 OC, then 
fuse over a burner or for 30 min in a muffle furnace 
(5.3) at 1000 OC in 0,3 g of sodium carbonate (4.7). 
Transfer the cooled crucible to the main solution 
using a stirring rod and leach the melt while evap- 
orating the Solution. Remove and rinse the crucible 

s soon as leaching is complete and continue the 
vapora tion to a volume of 50 ml. 

NOTE 9 The leach of the fused residue in the main sol- 
ution may attack the crucible if the evaporation is acci- 
dentally carried too far. 

7.53 Extraction of vanadium 

Add 1 ml of ammonium cerium(lV) nitrate Solution 
(4.9) to the solution from 7.5.2, and mix. Cover, heat 
to boiling, then remove from the heater and add 
5 ml of orthophosphoric acid (4.6) and 2,5 ml of 
sodium tungstate Solution (4.10). Replace the cover 
and heat to maintain gentle boiling for 10 min. 

Cool, transfer to a 100 ml separating funnel (5.4) with 
minimum washing, and retain the beaker for sub- 
sequent use. Add 20 ml of mixed solvent (4.14), 
Shake for 40 s and allow to stand for 1 min. Discard 
the lower aqueous Phase, add 20 ml of water to the 
separating funnel and Shake it for 30 s. Allow the 
phases to separate for 1 min and transfer the lower 
aqueous Phase to the 150 ml beaker calibrated at 
the 20 ml Point. Add a further 20 ml of water to the 
separating funnel, Shake for 30 s and combine this 
aqueous Phase with the first. Add 10 ml of ascorbic 
acid Solution (4.11) to the funnel containing the sol- 
vent Phase and Shake for 30 s. Allow the phases to 
separate and transfer the lower aqueous Phase to 
the Solution in the beaker. Repeat the extraction of 
vanadium with a second 10 ml Portion of ascorbic 
acid Solution and transfer the aqueous Phase to the 
beaker. 

NOTES 

10 The Separation of phases should occur without the 
formation of emulsion. If any emulsion does form, add 
0,l ml of nitric acid (4.5) and Shake for 15 s. 

11 Normally the solvent Phase will now be colourless, 
indicating that the vanadium has been effectively re- 
moved. However, with ores containing organic matter, a 
residual colour which is not due to vanadium may remain. 
This tan usually be ignored, but if it is considered ex- 
cessive it tan be prevented by igniting the test Portion in 
a silica or porcelain crucible at 700 OC for 30 min Prior to 
dissolution. 

To the combined water and ascorbic acid Strip sol- 
utions, add 1 ml of aluminium chloride Solution 
(4.15) and evaporate to approximately 20 ml. Cool, 
transfer to a 25 ml one-mark volumetric flask, dilute 
to volume with water and mix. 

7.5.4 Adjustment of the atomic absorption 
spectrometer 

Set the wavelength for vanadium (318,5 nm) to ob- 
tain minimum absorbance and, following the manu- 
facturer’s instructions, fit the correct burner and 
light the flame. After 10 min of preheating the 
burner, aspirate the calibration Solution of highest 
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vanadium content (4.21, Method 2), and following the 
manufacturer’s instructions concerning the mini- 
mum flow rate of acetylene, adjust the gas flows and 
burner height to obtain maximum absorbance. 

Aspirate water and the calibration Solution to es- 
tablish that the absorbance reading is not drifting. 
Set the reading for water to Zero absorbance and 
evaluate the criteria in 5.5. 

7.5.5 Atomic absorption measurements 

Aspirate the calibration and test solutions in Order 
of increasing absorption, starting with the blank test 
solution and the Zero calibration solution. Aspirate 
water between readings, reset to Zero if necessary, 
and record the readings when stable responses are 
obtained. Repeat the measurements at least twice. 

Calculate the average absorbance of the calibration 
and test solutionc. Correct the absorbance values 
obtained for the calibration solutions by subtracting 
the absorbance of the Zero calibration solution, and 
prepare a calibration graph by plotting the net 
absorbance values against micrograms of vanadium, 
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 to 
micrograms of vanadium per millilitre. 

NOTE 12 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 
vanadium, in micrograms per millilitre, in the blank test 
and test Solution respectively and correct the concen- 
tration of the test Solution with the concentration of the 
blank test. 

7.6 Determination Method 2 [vanadium 
content between 0,05 % (m/m) and 
0,5 % (m/m)] 

7.6.1 Decomposition of the test Portion 

Decompose the test Portion as specified in 7.5.1. 

7.6.2 Dissolution of salts and residue treatment 

Add 10 ml of hydrochloric acid (4.2) and a stirring 
rod to the PTFE beaker and heat to dissolve the 
salts. Add 20 ml of water and continue heating for 
several minutes, if necessary, to complete the dis- 
solution. Filter through a close-texture filter Paper 

1) Additional information is given in annexes B and C. 

into a 100 ml one-mark volumetric flask and wash 
the residue with water. Transfer the residue to a 
platinum crucible (5.2), dry, ash and ignite the resi- 
due, then fuse over a burner or for 30 min in a muffle 
furnace (5.3) at 1000 OC in 0,3 g of sodium carbonate 
(4.7). Cool the melt and treat in the covered crucible 
with 5 ml of water and 5 ml of hydrochloric acid 
(4.2). Warm to dissolve the fused salts and combine 
with the main test solution. Cool, add 4 ml of alu- 
minium chloride Solution (4.15), dilute to volume with 
water and mix. 

Continue with the determination of vanadium con- 
tent as specified in 7.5.4 and 7.5.5. 

8 Expression of results 

8.1 Calculation of vanadium content 

The vanadium content, w,, is calculated as a per- 
centage by mass, from the equations s 

2GV Method 1: HJ,, = , OOOm . . . (1) 

PV Method 2: wv = s . . . (2) 

where 

PV is the concentration, in micrograms per 
millilitre, of vanadium in the test Solution; 

m is the mass, in grams, of the test Portion. 

8.2 General treatment of results 

8.2.1 Repeatability and permissible tolerante 

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

Method 1 

Y = 0,026 0 X + 0,000 6 . . . (3) 

P = 0,033 0 x + 0,001 5 . . . (4) 

*r = 0,009 2 x + 0,000 2 . . . (5) 

OL = 0,009 2 x + 0,000 5 . . . (6) 

Method 2 

Y = 0,012 1 x + 0,005 9 

P = 0,099 3 X - 0,000 8 

6, = 0,004 3 x + 0,002 1 

“L = 0,035 7 x- 0,000 9 

where 

. . . (7) 

. . . (8) 

. . . (9) 

. . . (10) 
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