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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
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Iron ores — Determination of titanium — Diantipyrylmethane
spectrophotometric method

WARNING — This International Standard may involve hazardous materials, operations and equipment.
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ore cqncentrates and agglomerates including sinter products.
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referepces, only the edition cited applies. For_undated references, the latest edition of th
document (including any amendments) applies:
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ISO
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3
The

a)

b)

c)

is the responsibility of the user of this International Standard to establish appr
spfety practices and determine the applicability of regulatory limitations prior to(use.

Scope

International Standard specifies a spectrophotometric method using diantipyrylmet
rrination of the mass fraction of titanium in iron ores.

method is applicable to a mass-fraction range of 0,02 % to 4,0%)of titanium in natural iron

Normative references

fpllowing referenced documents are indispensable for the application of this docume

648, Laboratory glassware — Single=volume pipettes
1D42, Laboratory glassware —.Qne-mark volumetric flasks
3P82, Iron ores — Sampling and sample preparation procedures

7V 64, Iron ores — Preparation of predried test samples for chemical analysis

Arinciple

tgst portien is decomposed by one of the following methods.

ated with its

hane for the

pres, and iron

ht. For dated
e referenced

¢, followed by

treatment with hydrofluoric and sulfuric acids and fusion with potassium disulfate. Dissolution of the melt

in the main solution.

By sintering with sodium peroxide, followed by treatment with hydrochloric and sulfuric acids, filtration and
ignition of the residue, followed by treatment with hydrofluoric and sulfuric acids and fusion with

potassium disulfate. Dissolution of the melt in the main solution.

By fusion with a sodium tetraborate/sodium carbonate mixture, followed by treatment with hydrochloric

acid. Not applicable to samples containing more than 8 % (by mass) silicon.

Reduction of the iron with ascorbic acid. Colour development with diantipyrylmethane, and measurement of
the absorbance at approximately 385 nm.
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4 Reagents

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

41

4.2

4.3

4.4

4.5

Potass

ium disulfate (K,S,05).

Sodium peroxide (Na,0,), fine powder.

Sodium tetraborate (Na,B,0-), anhydrous.

Sodiun

Fusion|

sodium carbo|

4.6

4.7

4.8

4.9

410

411

412

413

414

Hydrod
Hydrog

Hydrog

h carbonate (Na,COs), anhydrous.

mixture: 1 part by mass of the sodium tetraborate (4.3) mixed with 1 part by mass
hate (4.4) and stored in a closed vessel.

hloric acid, p1,16 to 1,19 g/ml.
hloric acid, p 1,16 to 1,19 g/ml, diluted 1 + 1.

hloric acid, p 1,16 to 1,19 g/ml, diluted 1 + 4.

Nitric gcid, p 1,4 g/ml.

Hydrof
Sulfuri
Sulfuri
Sulfuri

Diantip

Dissolve 15 g
sulfuric acid
Store the solU

415

Ascorl

The solution 9

4.16

Ammo

uoric acid, p 1,13 g/ml, 40 % (by mass) solution.

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

c acid, p 1,84 g/ml, diluted 1 + 9.

c acid, p 1,84 g/ml, diluted 2 + 98.

yrylmethane, solution, 15 g/I.

of diantipyrylmethane monchydrate (C,3H,4,0,N4-H,0) in about 300 ml of water and 3(
4.11) and dilute with water to 1 litre. If a residue remains in the solution, filter off the re
tion in a brown bottle:

ic acid, 100 g/khsolution.

hould bedreshly prepared.

nium iron(lll) sulfate, 100 g/l solution.

of the

ml of
sidue.

Dissolve 100 g-of ammonium iron(illy sulfate in 500 mi of water acidified with 5 mi of sulfuric acid (4. 171).
to 1 litre and mix.

4.17 Titanium, standard solution corresponding to 0,1 mg Ti/ml.

Dilute

Weigh 0,167 g of titanium dioxide (TiO,) calcined previously at 900 to 950 °C for about 40 min in a platinum
crucible and fuse with 3 to 4 g of the potassium disulfate (4.1) at a temperature of 650 to 700 °C until a clear
melt is obtained. After cooling, place the crucible in a 100 ml beaker, add 50 to 60 ml of sulfuric acid (4.12)
and dissolve the cooled melt with moderate heating. After washing the platinum crucible with sulfuric acid
(4.12), transfer the solution to a 1 000 ml volumetric flask, dilute with sulfuric acid (4.12) to volume and mix.

1 ml of this standard solution contains 0,1 mg of titanium.
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4.18 Titanium, standard solution corresponding to 20 mg Ti/l.

Pipette a 50 ml aliquot of the titanium standard solution (4.17) into a 250 ml volumetric flask, dilute with
sulfuric acid (4.12) to volume and mix.

1 ml of this standard solution contains 0,02 mg of titanium.

5 Apparatus

Ordinary laboratory apparatus, including one-mark pipettes and one-mark volumetric flasks complying with the
speciffcati ; i ; i

5.1 |Spectrophotometer, suitable for the measurement of absorbance at a wavelength ©f;385 nm, together
with 10 mm cells.

6 Sampling and samples

6.1 [Laboratory samples
For apalysis, use a laboratory sample of minus 100 um particle size/which has been taken and prepared in
accorflance with ISO 3082. In the case of ores with significant contents of combined water|or oxidizable
compounds, use a particle size of minus 160 um.

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

6.2 |Preparation of predried test samples

Thoroughly mix the laboratory sample and, taking multiple increments, extract a test sample in spch a manner
that it|lis representative of the whole contents;'of the container. Dry the test sample at 105 + 2 °C as specified
in 1ISQ 7764. (This is the predried test sample.)

7 Brocedure

7.1 [Number of determinations

Carry|out the analysisvat least in duplicate in accordance with Annex A, independently, on ong predried test
sample.

previolis result(s). For this particular analytical method, this condition implies that the repetition of the procgdure be carried
out eitheryby the same operator at a different time or by a different operator including, in both casgs, appropriate

NOTE The expression “independently” means that the second and any subsequent result is not{ffected by the
recalibratior:

7.2 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 material shall be prepared as specified in 6.2.

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.

© 1SO 2009 — Al rights reserved 3
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When 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 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 analytical
value of one certified reference material may be used.

7.3 Test portion

Taking several increments, weigh, to the nearest 0,000 1 g, approximately the amount of the predried test
sample (6.2) in accordance with Table 1.

Table 1 — Test portion

Ti mass fraction Mass of test Aliquot
Wi portion (7.4.2)
% 9 mi
0,02 < wy;<0,1 0,5 30,0
0,1<wp<0,3 0,5 20,0
0,3 <wp<1,0 0,5 5,0
1,0<wr; <40 0,13 5,0
NOTE The test portion should be taken and weighed quickly
in order to avoid reabsorption of moisture.

7.4 Determination

7.41 Decomposition of the test portion

If the decomppsition is to be based on acid attack,;proceed as instructed in 7.4.1.1. [f it is to be based on alkali
sintering, progeed as instructed in 7.4.1.2, and if it is to be based on alkali fusion, proceed as instrugted in
7.4.1.3, respectively.

7411 Acjd attack

Place the tesf portion (7.3) in @300 ml beaker, moisten with a few drops of water, add 30 ml of hydro¢hloric
acid (4.6), coyer with a watch-glass, and heat gently to decompose. Add 5 ml of nitric acid (4.9) and 10 ml of
sulfuric acid (4.11), remove~the watch-glass, heat cautiously until dense white fumes are obtained, and
continue heating for about 10 min. Allow the beaker to cool, add 20 ml of hydrochloric acid (4.7) and|about
50 ml of watef, and heatto dissolve the soluble salts.

Filter the solytion through a medlum texture filter paper, scrub the waII of the beaker with a rubber-tipped
glass rod, ang v ' ulfuric
acid (4.13) and two or three t|mes W|th hot water. CoIIect the f||trate and washlngs in a 300 ml beaker and
reserve as the main solution.

Place the filter paper and the residue in a platinum crucible, dry, char, ignite and cool. Moisten the residue in
the crucible with sulfuric acid (4.11), add 5 ml of hydrofluoric acid (4.10) and heat gently to expel the silicon
tetrafluoride and sulfuric acid. Allow the crucible to cool, add about 2 g of potassium disulfate (4.1), cover with
a platinum lid and heat, gently at first, then finally until dull red heat to fuse the residue.

NOTE If it is necessary for complete fusion, the amount of potassium disulfate can be increased to 5 g altogether.
After cooling, transfer the crucible and lid to the 300 ml beaker containing the main solution, heat to dissolve

the cooled melt, and take out the crucible and lid after washing with water. Transfer the solution to a 200 mi
volumetric flask, dilute to volume with water and mix.

4 © 1SO 2009 — Al rights reserved
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7.41.2 Alkali sintering

Place the test portion in a nickel crucible, add 3 g of sodium peroxide (4.2), mix well using a platinum or nickel
spatula, and tamp the mixture. Place the crucible for 1 or 2 min at the entrance of a muffle furnace, the
temperature of which is regulated at 400 = 20 °C, and then into the furnace for about 1 h to effect sintering.
Take the crucible out of the furnace and cool it. Transfer the sintered mass to a 300 ml beaker, cover the

beaker with a watch-glass and add about 30 ml of water.

NOTE
the vol

Rinse

1
ume can be increased up to 100 ml.

the crucible first with water and then once with hydrochloric acid (4.8), and add the wa

If the volume of water added is insufficient, bumping can occur on subsequent heating. As a safety precaution,

shings to the

mass
and h
sulfur
beaks
salts.

Filter
glass
acid (
resery

Place
the cr|
tetrafl
with a

NOTE
After

the cd
volum

7.41.

Mix th
and, ¢
swirl ¢
to cog
acid (4

Trans

7.4.2

in the beaker. Acidify slowly with 30 ml of hydrochloric acid (4.6), cover the beaker with
eat the solution gently to decompose the excess peroxide. Remove the watch-glass;
c acid (4.11), heat cautiously to dense white fumes and continue heating for about-10 1
r to cool, add 20 ml of hydrochloric acid (4.7) and about 50 ml of water, and heat\to dissol

the solution through a medium-texture filter paper, scrub the wall of the)beaker with a
rod, and transfer the residue to the filter paper. Wash the residue two_or three times wi
1.13) and two or three times with hot water. Collect the filtrate and\washings in a 300 n
e this as the main solution.

the filter paper and the residue in a platinum crucible, dry, char, ignite and cool. Moisten
Licible with sulfuric acid (4.11), add 5 ml of hydrofluoric acid (4.10) and heat gently to ex
loride and sulfuric acid. Allow the crucible to cool, add about 2 g of the potassium disulfa
platinum lid and heat, gently at first, then finally until-dull red heat to fuse the residue.

2  Ifitis necessary for complete fusion, the amount of potassium disulfate can be increased to 5 g
cooling, transfer the crucible and lid to the(300 ml beaker containing the main solution, he

oled melt, and take out the crucible and.lid after washing with water. Transfer the solutig
etric flask, dilute to volume with waterahd mix.

B Alkali fusion

e test portion with 5 g of fusion mixture (4.5) in a platinum crucible, cover with a platinum li
fter melting, fuse at & temperature of 1 000 to 1 050 °C for about 10 min. Remove from
autiously to cause the cooling melt to solidify in a thin layer on the wall of the crucible. Allg
I, then place the‘ctucible and lid and the contents in a 300 ml beaker and add 100 ml g
1.8). Dissolve the/melt, take out the crucible and lid and wash the contents into the beaker.

fer the solution to a 200 ml volumetric flask, dilute to volume with water and mix.

Spectrophotometric determination

B watch-glass
add 10 ml of
nin. Allow the
ve the soluble

rubber-tipped
th hot sulfuric
| beaker and

the residue in
pel the silicon
e (4.1), cover

altogether.

at to dissolve
n to a 200 ml

1, heat gently,
the heat and
w the crucible
f hydrochloric

Pipette an aliquot, given in Table 1, of the test solution and the blank solution, respectively, into 100 ml
volumetric flasks, add 5 ml of ammonium iron(lll) sulfate solution (4.16), add 10 ml of the ascorbic acid
solution (4.15) and shake. Add 15 ml of hydrochloric acid (4.7) and 30 ml of diantipyrylmethane solution
(4.14), dilute to volume with water and mix. (This is the final test solution.)

Allow to stand for at least 20 min and measure the absorbance at a wavelength of approximately 385 nm in a
10 mm cell using the blank test solution as a reference.

NOTE 1 20 mm cells can be used, If necessary, for test solutions of lowest titanium contents.
When the fusion decomposition is applied to samples containing more than 1 % (by mass) silicon, the test

solution, after colour development and just before measuring the absorbance, should be filtered to remove
possible precipitates of silica.
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NOTE 2 The colour is stable for at least 24 h.

Determine the concentration, expressed in micrograms per millilitre, of titanium from the absorbance using the
calibration graph prepared as instructed in 7.4.3.

7.4.3 Preparation of calibration graph

Put 0,0; 1,0; 3,0; 5,0; 7,0 and 10,0 ml of the titanium standard solution (4.18) into six 100 ml volumetric flasks,
add 5 ml of the ammonium iron(lll) sulfate solution (4.16) and 10 ml of the ascorbic acid solution (4.15), and
shake. Add 15 ml of hydrochloric acid (4.7) and 30 ml of the diantipyrylmethane solution (4.14) to each flask,
dilute to volume with water and proceed as instructed in 7.4.2. Plot the relationship between the concentration,

expressed in picrograms-per mullllufrn’ of titanium and the absarhance to prepare tha calibhration graph_

8 Exprespion of results

8.1 Calculption of mass fraction of titanium

The mass fration of titanium, wr;, expressed as a percentage, is calculated to five decimal places fory mass
fractions lowgr than 1 %, and to four decimal places for mass fractions higher tRan 1 %, using the following
equation:

WTi:_wx']OO:ﬂ )
m4|x 1000 000 100m;

where
po1i is the mass concentration, in micrograms per millilitre, of titanium in the final test solution;

mq is the mass, in grams, of sample represented in the 100 ml of final test solution calculated frgm the
equation

mg XV
myq4———
200
in which
mg | the mass of thetest portion (see Table 1);

vV Js the volumeof the aliquot (see Table 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™):

Acid attack
o4 = 0,009 6X + 0,000 8 )
o, =0,018 5x + 0,000 8 )

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

6 © 1SO 2009 — Al rights reserved
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Ry=0,027 0X + 0,002 2 (4)

P=0,0554X+ 0,002 8 (5)

Alkali sintering

o4 = 0,007 3X + 0,000 5 (6)
o, =0,016 2X + 0,001 1 (7)
Ry =0,020 8X + 0,001 3 (8)
P=0,048 5x + 0,003 2 ©)

Alkali fusion
ay=0,0113X+ 0,000 6 (10)
d =0,016 5x+ 0,001 3 (11)
Rl;=0,032 0x + 0,001 6 (12)
A=0,055 1X + 0,003 9 (13)

wherg

R}y is the independent duplicate limit,

P| is the permissible tolerance between laboratories;

o is the independent duplicate standard deviation;
o s the between-laboratories standard deviation;

X| is the mass fraction.oftitanium, expressed as a percentage, of the predried test sample, calculated
as follows:

— withinclaboratory Equations (2), (4), (6), (8) and (10): the arithmetic mean of|the duplicate
valtes;

—\between-laboratories Equations (3), (5), (7), (9) and (11): the arithmetic megn of the final
results (8.2.5) of the two laboratories.

8.2.2 —Determimationmof anatytical resuit

Having computed the independent duplicate results according to Equation (1), compare them with the
independent duplicate limit (Ry), using the procedure given in Annex A.

8.2.3 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 procedure described in 8.2.2.

© 1SO 2009 — Al rights reserved 7
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Compute the following quantities:

_ M
#2 =

where
M1

Hp

Mt R

2

is the final result reported by laboratory 1;

is the final result reported by laboratory 2;

(14)

H12
If [ g = uo|

8.2.4 CheckK

The trueness
or a referenc
CRM/RM usin
are two possi

a) |:“c - Ag
is statisti
b) lue—4A,
is statisti
where
He
AC
C isa

Certified refe
ISO Guide 35

For a CRM/R

is th¢ mean of the final results.

is the final result for the CRM/RM;

is the reference/certified value forthe CRM/RM;

P, the final results are in agreement.

 for trueness

of the analytical method shall be checked by applying it to a certified reference material
e material (RM) (see the second paragraph of 7.2). Calculate the ‘@nalytical result (u,) f
g the procedures in 8.1 and 8.2, and compare it with the reference’or certified value 4.
Dilities:

< C, in which case the difference between the reported tesult and the reference/certified

Cally insignificant.

> C, in which case the difference between the reported result and the reference/certified
tally significant.

alue dependent on the-type of CRM/RM used.

rence materials used for this purpose should be prepared and certified in accordanc
2006, Referente)materials — General and statistical principles for certification.

M certified by an interlaboratory test programme, C shall be calculated as follows:

D

2

P Grp'?) +—9

CRM)
or the
There

value

value

e with

czz\/E 9d
A n

C

is the average data value in each certifying laboratory) of the CRM/RM;

where
Sc
NC
n
94
oL
8

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

is the independent duplicate standard deviation;

is the between-laboratories standard deviation.

is the standard deviation of laboratory means (each data value for calculating the standard deviation

© 1SO 2009 — All rights reserved
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For CRMs certified by only one laboratory, C shall be calculated as follows:

CRMs certified by only one laboratory should be avoided unless they are known to have an unbiased certified

value.

8.2.5

The fi

Calculation of final result

nal result is the arithmetic mean of the n(‘(‘ppfthp nnqufir‘nl values for the test cnmpln’ Q0

as otherwise

detern
titaniu
decim

a)

Q =

b)

s

T T

c)

O Qo =

In a g
greate

8.3

The o

9 T
The tqg
a) n

b) d

hined by the operations specified in Annex A, calculated to five decimal places for mag
m less than 1 % and to four decimal places for mass fractions greater than 1 % rounde
al place as follows:

bcimal place is kept unchanged;

here the figure in the fourth decimal place is 5 and there is a figure.ether than 0 in the
ace, or where the figure in the fourth decimal place is greater than 5, the figure in the
ace is increased by one;

here the figure in the fourth decimal place is 5 and the figtire O is in the fifth decimal p
scarded and the figure in the third decimal place is kept.unchanged if it is 0, 2, 6, or 8 an
yone ifitis 1,3, 5,7, 0or 9.

imilar manner, with the ordinal numbers decreased by one, the value for mass fractio
r than 1 % is rounded to the second decimal place.

Oxide factor
xide factor, expressed as a percent, is given by the following equation:

Tio, = 1,668wr;

est report
st report shalfinelude the following information:
hme and address of the testing laboratory;

hte’of issue of the test report;

s fractions of
d to the third

here the figure in the fourth decimal place is less than 5, it is discarded @nd the figure in the third

fifth decimal
third decimal

lace, the 5 is
d is increased

hs of titanium

c) a

reference to this International Standard;

d) details necessary for the identification of the sample;

e) result of the analysis;

f)  reference number of the result;

g) any characteristics noticed during the determination, and any operations not specified in this International
Standard, which may have had an influence on the result, for either the test sample or the certified
reference material(s).
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ISO 4691:2009(E)

Annex A
(normative)

Flowsheet of the procedure for the acceptance
of analytical values for test samples

Start with independent duplicate results
|

Yes X+ X,
One more determination
Yes Xi+ X, + X,
XmaX—Xmin£1,2 Rd > u= 3
No
One more determination
Yes X1+ X+ Xg+ X,
Xmax—Xmin§1,3 Rd - /J: 4
No
u = Median (X3, X3, X3, X4)
Ry: as defined in 8.2.7.
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