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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
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Chemical analysis of refractories containing alumina, zirconia,

and silica — Refractories containing 5 % to 45 % of ZrO,
(alternative to the X-ray fluorescence method) —

Part2:

Wet chemical analysis

1 |Scope

Thig part of ISO 21079 specifies methods for the chemical analysis of \AZS (alumina, zirconia| and silica)
refractory products (containing 5 % to 45 % of ZrO,) and raw materials,using traditional (“wet”) methods.

Thig part of ISO 21079 is not applicable to MgO-based refractorigs.

Thig part of ISO 21079 gives alternatives to the X-ray fluorescence (XRF) method given in ISO 12G77.

2 |Normative references

The| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[10058-2:—"), Chemical analysis of magnesite and dolomite refractory products (alternative o the X-ray
fluorescence method) — Part 2; Wet chemical analysis

ISO[21079-1:2008, Chemijcal-analysis of refractories containing alumina, zirconia and silica — Refractories
containing 5 % to 45 % of\ZrO, (alternative to the X-ray fluorescence method) — Part 1: Apparatys, reagents
and|dissolution

ISO[21079-3:2008,~Chemical analysis of refractories containing alumina, zirconia and silica — Refractories
confaining 5 %\to 45 % of ZrO, (alternative to the X-ray fluorescence method) — Part 3: Flame atomic
absprption_spectrophotometry (FAAS) and inductively coupled plasma emission spectrometry (ICPtAES)
ISO[21587-2:2007, Chemical analysis of aluminosilicate refractory products (alternative to| the X-ray
fluokescence method) — Part 2: Wet chemical analysis

ISO 26845:2008, Chemical analysis of refractories — General requirements for wet chemical analysis, atomic
absorption spectrometry (AAS) and inductively coupled plasma atomic emission spectrometry (ICP-AES)
methods

1)

To be published.
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3 Determination of silicon(lV) oxide

3.1 General
The determination of silicon(IV) oxide is carried out using one of the following methods.

a) Combined use of the dehydration or the coagulation and molybdenum blue methods. This method is
applied to samples consisting of more than 4 % by mass of silicon(lV) oxide.

b) Molybdenum blue method. This method is applied to samples consisting of less than 8 % by mass of
silicon \v') OXide:

3.2 Combined use of dehydration or coagulation and molybdenum blue methods

3.2.1 Principle

An aliquot gortion of stock solution (S1) or (S’1) is treated with ammonium molybdate and‘the silicomolybgate
is reduced fo yield molybdenum blue, the absorbance of which is measured.

The sum of this residual silicon(lV) oxide in solution plus the mass of silicon(lV) oxide (m, — m,) derivgd in
accordancg with 9.2.2.3 or 9.2.3.3 of ISO 21079-1:2008 gives the total silicon(I\\) oxide content.

3.2.2 Prog¢edure

This deternjination should be commenced with little delay after the stock solution (S1) or (S’1) is prepareq, as
prolonged standing could allow polymerization of silica to occur.leading to low results.

Transfer a 10,0 ml aliquot portion of stock solution (S1)cor (S'1) (see Annex A of ISO 21079-1:2008) fo a
100 ml plasftic beaker, add 2 ml of hydrofluoric acid (1+9); mix with a plastic rod and allow to stand for 10 min.
Add 50 ml pf boric acid solution, 2 ml of ammonium(_molybdate solution while swirling at a temperature of
about 25 °¢, and allow to stand for 10 min. Add\&6.ml of L (+)-tartaric acid solution while swirling and after
1 min add 4 ml of L (+)-ascorbic acid solution while’shaking. Transfer a solution to a 100 ml plastics volumgtric
flask, dilute|to the mark with water and allow te_stand for 60 min.

Measure thg absorbance of the solution-itva 10 mm cell at a wavelength of 650 nm using water as referenge.

3.2.3 Plofting the calibration graph

Transfer 0 I, 2 ml, 4 ml, 6.1} 8 ml and 10 ml aliquot portions of diluted silicon(lV) oxide solution (0 mg to
0,4 mg as gilicon(lV) oxide).into six 100 ml plastic beakers and, to each, add 10 ml of blank solution (B1) or
(B’1) (see Annex A of ISO 21079-1:2008). Treat these solutions and measure the absorbance as describgd in
3.2.2, and plot the .absorbances against the amounts of silicon(lV) oxide. Prepare the calibration grapl by
adjusting the curve'so that it passes through the point of origin.

3.2.4 Calg¢ulation

Calculate the mass fraction of silicon(lV) oxide, w(SiO,), expressed as a percentage, using Equation (1) with
the absorbances obtained in 3.2.2 and the calibration graph.

500
- (m1—m2)+(ms—mb)>< 10
w(Si0,) = %100 (1)

m

where

m4 is the mass from 9.2.2.3 or 9.2.3.3 of ISO 21079-1:2008, in grams;
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my is the mass from the blank prepared in accordance with 9.2.2.4 or 9.2.3.4 of ISO 21079-1:2008, in

grams;

is the mass of silicon(IV) oxide in the aliquot portion of stock solution (S1) or (S’1), in grams;

my, is the mass of silicon(IV) oxide in the aliquot portion of blank solution (B1) or (B'1), in grams;

m is the mass of the test portion prepared in accordance with ISO 21079-1:2008, in grams.

3.3  Molybdenum blue method
3.3. Principle
An gliquot portion of the stock solution (S”1) is treated with ammonium molybdate and the silicon

redyiced to yield molybdenum blue, the absorbance of which is measured.

3.3.
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2  Procedure

nsfer the specified volume of stock solution (S”1) (see Annex A of ASO 21079-1:2008) to
kers and add, to each, the specified volume of blank solution (B”1) (see Annex A of 1ISO 210
2 ml of hydrofluoric acid (1+9), mix with a plastic rod and allow toystand for 10 min. Then a
C acid solution and dilute to about 80 ml with water. Add 5 milcof ammonium molybdate sg
ng at a temperature of 20 °C to 30 °C and allow to stand fer\30 min. Add 20 ml of tartaric g
e stirring. After 1 min, add 10 ml of L (+)-ascorbic acid solution while stirring. Transfer each so
ml plastics volumetric flasks, dilute to the mark with wateriand mix. Allow to stand for 60 min a
absorbance of the solutions in a 10 mm cell at a wayvelength of 650 nm against water. Tak
e of the two measurements for the calculation of silica content.

volume of the aliquot portions from stock s@lution (S”1) and the blank solution are given
ending on the mass fraction of silicon(IV) oxide.

Table 1 — Aliquot volume’of stock solution (S’’1) and blank solution (B”’1)

holybdate is

two plastic
79-1:2008).
dd 50 ml of
lution while
cid solution
ution to two
nd measure
e the mean

in Table 1

Mass fraction of SiO, Volume of stock solution (S”’1) | Volume of blank solution (E

% ml ml

)

<4 20 0

> 4,8 10 10

en the difference between two measurements exceeds 0,005 absorbance units, repeat the
nin 9.2.4.3 of ISO 21079-1:2008.

spectrophotometer should give a value of less than 0,002 absorbance units as the differen

procedure

ce between

two

rnpaai‘nﬂ measurements of identical solutions-at an ahsarbance-levelof abaut 1 00
¥ HSG-H8aSHFe et HE8RHGE HHHO RS REBSeHB4aR +OMS+-OHaB0HH— g

3.3.3 Blank test

Carry out the procedure described in 3.3.2 using blank solution (B”1) (see Annex A of ISO 21079-1:2008).

3.3.4 Plotting of calibration graph

Transfer 0 ml (as reference), 2 ml, 4 ml, 6 ml, 8 ml and 10 ml aliquot portions of silicon(IV) oxide standard
solution into six 100 ml plastic beakers and add, to each, 10 ml of blank solution. Treat these solutions as
described in 3.3.2, measure the absorbance against the reference solution and plot the absorbance against
the amounts of silica.
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3.3.5 Calculation

Calculate the mass fraction of silicon(IV) oxide, w(SIO,), expressed as a percentage, using Equation (2).

(mg —mb)>< 500><

w(SiOz) = 100
where
mg is the silica in the aliquot portion of stock solution (S”1), in grams;

()

my, is f[he silica in the aliquot portion of blank solution (B”1), in grams;
V' is the volume of the aliquot portion taken from stock solution (S”1), in millilitres;
m is fhe mass of the test portion, in grams.
4 Determination of aluminium oxide
41 General
The determjnation of aluminium oxide is carried out using one of the following methods.
a) Cation{exchange column separation: trans-1,2-Cyclohexanediamine-N,N,N’,N’-tetraacetic acid (hydnate)
(CyDTA) — Zinc back titration method;
b) Cupferfon separation: CyDTA — Zinc back titration methaod.

4.2 Cation-exchange column separation: CyDTA — Zinc back titration method

421 Prin
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cation, suc
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ciple

portion of stock solution (S1),.(S’1) or (S”1) is pipetted into a cation-exchange resin column
h as aluminium ion, is absorbed into the ion-exchange resin. 0,8 mol/l hydrofluoric acid
poric acid solution is poured into the column, so that the zirconium and titanium flows
acid (1+200) is pouréd)into the column in order to elute the aluminium. The eluate is evapor

acid. CyDTA _sofution is added and a chelate compound of aluminium CyDTA is formed

e pH with ammonia water. The pH is further adjusted by the addition of hexamethylenetetrani
amount of GyDTA is back-titrated by zinc standard solution using xylenol orange as an indicat
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Pour a 50 ml| aliguot portion of stock solution (see Annex A of ISO 21079-1:2008) in

o a

cation-exchange resin column (see ISO 26845). Pour 10 ml of eluent A (see 5.1.25 of ISO 26845:2008) on the
inner side of the column twice, followed by a further 60 ml of eluent A.

Up to this point, eluate is unnecessary.

NOTE
poured. The

4222

same applies to the following procedure.

Place a platinum dish (e.g. 150 ml) below the lower end of the column and pour 10 ml of elue

It is not until the former solution ceases to drip out of the end of the column that further additions can be

ntB

(see 5.1.26 of ISO 26845:2008) on the inner side of the column twice. Pour 80 ml of eluent B into the column
to elute aluminium.
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Regenerate the column as follows. Prepare a 100 ml plastic beaker below the end of the column and pour
10 ml of hydrochloric acid (1+2) on the inner side of the column twice. Pour 100 ml of hydrochloric acid (1+2)
on the inner side of the column to elute iron, calcium, magnesium, etc.

This solution can be used for the determination of calcium oxide if the procedure is carried out using the
following steps. Transfer the solution to a 150 ml platinum dish and evaporate until dry on a steam bath in a
fume cupboard. Add 5 ml of hydrochloric acid (1+2) 30 ml of water and transfer to a steam bath to facilitate the
dissolution of the melt. Cool and dilute the solution to 100 ml in a volumetric flask. In the case of FAAS, add

10 ml of lanthanum solution before diluting to 100 ml.

4223

Pour 70 ml of water into the column. Add 50 ml of sulfuric acid (1+1) to the eluate

obtained in
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ed out. Add hexamethylenetetramine between pH 5,5 and pH 5,8 using a pH meter, add 4 t¢ 5 drops of

brdance with 4.2.2.2, evaporate by heating on a hot plate until the white smoke of the sulfuric

iric acid appears. When the amount of the solution is about 2 ml, allow to cooland ag
rochloric acid (1+1). Dissolve by heating and transfer to a 300 ml beaker.

.4 Allow to cool and add of 2 ml of hydroxylammonium chloride while mixing. Add a prec
unt of 0,02 mol/l CyDTA standard solution and drop in ammonia solution. (4+1) and ammo
) between pH 2,9 and pH 3,1 using a pH meter. If excessive ammonia water/is added, the pH
ss than 3 by adding hydrochloric acid (1+1), and, subsequently, the-identical adjustment g

nol orange solution as an indicator and titrate with 0,02 mol/l of zin¢ standard solution. Whe
s to change from yellow to the first appearance of a permanent reddish colour, carry out titn
e mixing.

E The relation between the volume of the aliquot portion.0f*0,02 mol/l CyDTA standard solution a
ion of aluminium oxide is given in Table 2.

Table 2 — Volume of 0,02-mol/l CyDTA standard solution

Mass fraction of aluminium oxide CyDTA standard solution
% ml
<15 10
= 15,<35 20
> 35, <55 30
>55,<75 40
>75 50

3 Blanktest

nsfer 200 ml aliquot portion of blank solution B1, B’1 or B”1 (see Annex A of ISO 21079-1:200
he-procedure given in 4.2.2.

4.2.

id appears.

| and wash the inner side of the beaker with a small quantity of water and heat until the whﬁce smoke of

d 10 ml of

sely known
nia solution
is adjusted
rocedure is

h the colour

ation gently

nd the mass

B) and carry

4 Calculation

Calculate the mass fraction of aluminium oxide, W(Al,O3), expressed as a percentage, in the sample using
Equation (3).

w(AI203) = ( 100 (3)
m
where
V4 is the used quantity of 0,02 mol/l zinc standard solution in 4.2.2.4 in millilitres;
© 1SO 2008 — All rights reserved 5
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is the used quantity of 0,02 mol/l zinc standard solution in 4.2.3 in millilitres;

is the factor of 0,02 mol/l zinc standard solution (see 5.2.17 of ISO 21079-1:2008);

0,001 019 6 is the mass equivalent of Al,Og;

m

is the mass of the sample in grams.

4.3 Cupferron separation-CyDTA-Zinc back titration method

4.31

Hydrochlori
titanium, m
solution an
CyDTA soly
compound
buffer solut
determined

aluminium ¢xide calculated.

4.3.2 Pro

Transfer a !
to a beaker
iced water.

Principte

C acid is added to an aliquot portion of stock solution (S1), (S’1) or (S”1) to adjust the acidity.
anganese and zirconium are separated from the solution by solvent extraction with'cupfe
J the precipitate removed by dissolution in chloroform. The organic phase is discarded. Ex
tion is added to the aqueous solution after adjusting the pH with ammonia solution; and a chq
bf aluminium CyDTA is formed. The pH is further adjusted by the addition of ammonium acq
on and an equivalent volume of ethanol is added to the solution. The amount of excess CyDT|
by back-titration with standard zinc solution using dithizone as an indicator and the conter

cedure

P00 ml aliquot portion of the stock solution (S1), (S'1) or (SU1) (see Annex A of ISO 21079-1:2
(500 ml), add 20 ml of hydrochloric acid, cool to under5°C and keep at this temperature u
Add powdery filter paper (e.g. 0,05 g), then drop in 25 ml of cupferron solution and cool to u

ron,
rron
ess
late
tate
A is
t of

D08)
5ing
nder

5 °C while mixing. After complete mixing, allow to stand for 5:min. Filter the solution with medium filter paper

into a beak
to under 5
oxide (inclu

The tempen

Evaporate {he filtrate and washing solutions to“about 20 ml on a steam bath, then cover with a watch gl

add 10 ml
Remove th
evaporate U

Allow to co
Allow to co
add 2ml o
standard sd
using a pH
hydrochlori
hexamethyl
solution as

br (500 ml), and wash the precipitate 10 times with hydrochloric acid (1+9) which has been co
C, as above. Use the precipitate together with’the filter paper for the determination of zircor
Hing hafnium oxide).

ature should be kept as low as possible;

pf nitric acid and 5 ml of sulfuric acid (1+1), and boil gently for about 10 min on a sand b
e watch glass, rinse the watch glass with water, and continue the evaporation carefully,
ntil the white smoke of sulfuric acid appears.

bl, add 10 ml of hydroghloric acid (1+1) and about 100 ml of water, then heat to dissolve the s
pl, and dilute t0.250 ml in a volumetric flask. Transfer a 100 ml aliquot portion of the solution
hydroxylammgnium chloride while mixing. Add a precisely known amount of 0,02 mol/l Cy
lution and drep in ammonia solution (1+1), and ammonia solution (1+9) of between pH 2,9 and
meter. Jf ammonia water is added excessively, the pH is adjusted to less than 3 by ad
acid ~(1+1), then, subsequently, the identical adjustment procedure is carried out.
enetetramine of between pH 5,5 and 5,8 using a pH meter, add 4 to 5 drops of xylenol org
an’indicator, and titrate with 0,02 mol/l zinc standard solution. When the colour starts to chg

bled
ium

ass,
ath.
hen

alts.
and
DTA
3,1
ding
Add
nge
nge

from yellow

NOTE

to the first appearance ot a permanent reddish colour, carry out titration gently while mixing.

fraction of aluminium oxide is shown in Table 3.

The relation between the volume of the aliquot portion of 0,02 mol/l CyDTA standard solution and the mass
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Table 3 — Volume of 0,02 mol/l CyDTA solution
Mass fraction of aluminium oxide CyDTA solution
% mi
<20 20
> 20, <35 30
> 35, <60 50
> 60 70
4.3.3 Blank test
Carfy out the procedure described in 4.3.2 using the blank test solution (B1), (B’1) ory(B”1) (see|Annex A of
1SO|21079-1:2008).
4.3.4 Calculation
Calgulate the mass fraction of aluminium oxide, w(Al,O3), expressed as‘a percentage, in the sample using
Equation (4).
w(A|203) _ (Vo —V1)x Fx0,001019 6 y 500 y 250 <100 4)
m 200 100
whdre
V4 is the used quantity of 0,02 mol/l zinc standard solution in 4.3.3, in millilitres;
Vs is the used quantity of 0,02.mol/l zinc standard solution in 4.3.2, in millilitres;
F is the factor of 0,02 mel}-zinc standard solution;
0,001 019 6 is the mass equivalent of Al,O4;
m is the mass,of the sample obtained in accordance with 9.2.2.2, 9.2.3.2 or 9.2.4.2 of
ISO 21079-1:2008, in grams.
5 |Determination of iron(lll) oxide
51 Principle
Sto¢gk—solution (S1), (S’1), or (S”1) is transferred and the iron is reduced with L (+)-as¢orbic acid.
1,10-phenanthroline-chloride-is-added-and-the-pH-is-adjusted-by-adding-ammoniumacetate—he-eolour of iron

develops and absorbance is measured.

5.2

5.2.

Procedure

1 Transfer an appropriate aliquot portion of stock solution (S1), (S’1) or (S”1) (see Annex A of
ISO 21079-1:2008) into a 100 ml volumetric flask.

The aliquot volume of stock solution (S1), (S’1), or, (S”1) corresponding to the mass fraction of iron(lll) oxide
in the sample is shown in Table 4.

© 1SO 2008 — All rights reserved
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5.2.2
while mixin
Dilute to th
10 mm cell

5.3 Blan

Transfer th
1ISO 21079

Table 4 — Aliquot volume of the stock solution
(S1, S', or, $™)

Mass fraction of iron(lll) oxide Volume of aliquot portion

% ml
<1 50
>1 25

mark with water and allow to stand for 30 min. Measure the absorbance of the solution
t the wavelength of 510 nm against water.

test

same aliquot volume used in 5.2.1 of blank solution (B1), (B'1), or~(B”1) (see Annex
:2008) and carry out the procedure in 5.2.2.

1

5.4 Plotting of calibration graph

Acid
ion.
in a

\ of

Transfer O nl (as reference), 5 ml, 10 ml and 15 ml aliquot portions of diluted iron(lll) oxide standard solytion
[0,0 mg to 0,75 mg as iron(lll) oxide] into several 100 ml volumetric flasks. Treat these solutions as descr(bed
in 5.2.2 and measure the absorbance against the reference “solution. Plot the relation between | the
absorbancgs and mass of iron(lll) oxide.
5.5 Calcplation
Calculate tll;e mass fraction of iron(lll) oxide, w(Fe303), in the sample, expressed as a percentage, uping
Equation (5). Use the amounts of iron(lll) oxide-derived from the absorbances in 5.2.2 and 5.3, and|the
calibration iph 5.4.

w(Fepg)=Ms =), 500, 400 5)

m

where

mg is fhe mass of iron(ll)yoxide in the aliquot portion of stock solution (S1, §'1, or, S”1), in grams;

my, is the mass ofiron(lll) oxide in the aliquot portion of blank solution (B1, B'1, or, B”1), in grams;

m is the mass of the test portion from 9.2.2.2, 9.2.3.2 or 9.2.4.2 of ISO 21079-1:2008, in grams;

vV is thevolume of the aliquat portion taken for stock solution (S1. 51 or S”1)in 52 1 _in millilitres
6 Determination of titanium(lV) oxide
6.1 General

The determination of titanium(1V) oxide shall be carried out as described in one of the following two methods.

a)

b)

Di-antipyrylmethane (DAM) method.

Hydrogen peroxide absorption spectrophotometric method.
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6.2 DAM method

6.2.1 Principle
A sample stock solution (S), (S’1), or (S”1) is transferred. CyDTA is added while heating after the adjustment

of acidity, and the zirconium is masked. With an addition of L (+)-ascorbic acid, the iron is reduced and the
titanium is coloured by the di-antipyrylmethane. The absorbance is then measured.

6.2.2 Procedure

6.2.p1 Tramsferamappropriate—atiquotportiomof stock—sotutiom (S H; (S, or (S™t(seejAnnex A of
1ISO[21079-1:2008) into a 50 ml volumetric flask. While mixing, add 5 ml of hydrochloric acid (#+®)|and 1 ml of
CyOTA solution, place the flask in a water bath and heat for about 5 min. Cool in running water;

NOTE The aliquot portion taken from stock solution (S1), (S’1), or (S”1) is given in Table/-5 correspgnding to the
mas fraction of titanium(IV) oxide in the sample.

Table 5 — Aliquot portion taken from the stock solution
(S1, S’1, or, S$’1)

Mass fraction of titanium(IV) oxide Aliquof portion taken
% ml
<1 25
>1,<25 10
>25 5

6.2..2 Add 2 ml of L (+)-ascorbic acid and,allow to stand for 1 min. Add 10 ml of DAM solutipn, dilute to
the mark with water and allow to stand for.90 min. Measure the absorbance of the solution in a 10 mm cell at
the wavelength of 390 nm against water,

6.2.3 Blank test

Transfer the same volume aliquot portion used in 6.2.2.1 of blank solution (B1), (B’1), or (B”1) (spe Annex A
of I$0 21079-1:2008) andrcarry out the procedure described in 6.2.2.

6.2.4 Plotting of calibration graph

Transfer 0 ml (as-reference), 5 ml, 10 ml, 15 ml, 20 ml and 25 ml aliquot portions of diluted titanium(IV) oxide
starjdard solution [0 mg to 0,25 mg as titanium(IV) oxide] into six 50 ml volumetric flasks and|treat these
solytions .as.described in 6.2.2. Measure the absorbance against the reference solution and plot|the relation
between, the absorbance and the amount of titanium(IV) oxide.

6.2.5 Calculation
Calculate the mass fraction of titanium(IV) oxide, w(TiO,), in the sample, expressed as a percentage, using

Equation (6). Use the amount of titanium(IV) oxide derived from the absorbances in 6.2.2.2 and 6.2.3 and the
calibration in 6.2.4.

ms —my 500

w(TiOZ) = = x100 (6)

m
where

mg is the mass of titanium(IV) oxide in the aliquot portion of stock solution (S1), (S'1), or (§”1), in grams;
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my, is the mass of titanium(IV) oxide in the aliquot portion of blank solution (B1), (B’1), or (B”1), in grams;

m

ISO 21079-1:2008, in grams;

V
6.3 Hydr

6.3.1 Prin

ogen peroxide absorption spectrophotometric method

ciple

The colour
phosphoric

6.3.2 Pro

Transfer 20
volumetric f

To each fla
(6 % by mg
the absorbg
or using a g

6.3.3 Blank test

Using the
(S1), (8’1) ¢

6.3.4 Plofting the calibration graph

Transfer 0
standard sq
solutions a
between th

curve so that it passes through the point-of origin.

6.3.5 Calg

Calculate tH
the amount
6.3.4.

from the iron content of the stock solution (S1), (S’1) or (S”1) is masked by an additio
acid and the titanium is reacted with hydrogen peroxide. The absorbance is measured.

cedure

ml of stock solution (S1), (S’1) or (S”1) (see Annex A of ISO 21079-1:2008).into"each of two 5
asks, A and B.

5k, add 10 ml of phosphoric acid (2+3) and to flask A only add 10 ml.of\hydrogen peroxide soly
ss). Allow to stand for 10 min. Dilute each to the mark with water and shake vigorously. Mea
nce of the solution in flask A against that in flask B using a 10.mm cell at a wavelength of 39§
olour filter in a suitable instrument.

ame volume of blank solution (B1), (B'1) or (B”1)%as that of the aliquot portion of stock solu
r (8”1) carry out the procedure described in 6.3;2;

as reference), 10 ml, 20 ml, 30 mkand 40 ml aliquot portions of the diluted titanium(IV) o
lution (0 mg to 4,0 mg as titanium(V) oxide) into five 100 ml volumetric flasks, and treat th
5 in 6.3.2. Then measure the @bsorbance against the reference solution (0 ml). Plot the relz
b absorbance and the mass-of* titanium(lV) oxide. Prepare the calibration graph by adjusting

tulation

e mass fraction of titanium(IV) oxide, w(TiO,), expressed as a percentage, using Equation (7)
of titanium () oxide that is derived from the absorbance in 6.3.2 and 6.3.3, and the calibratid

100

is the mass of the test portion obtained in accordance with 9.2.2.2, 9.2.3.2 or 9.2.4.2 of

is the volume of the aliquot portion taken for stock solution (S1), (S’1), or (S”1) of 6.2.2.1, in millilitres.

h of

D ml

tion
sure
nm

tion

Xide
ese
tion
the

with
nin

7)

w(TiO}

9) \ ms;lmb )(500><

where

ny,

ISO 21079-1:2008, in grams.

10

is the mass of titanium(IV) oxide in the aliquot portion of stock solution (S1), (S’1) or (S”1), in grams;
is the mass of titanium(IV) oxide in the aliquot portion of blank solution (B1), (B’1) or (B”1), in grams;

is the mass of the test portion obtained in accordance with 9.2.2.2, 9.2.3.2 or 9.2.4.2 of
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71

To

ISO 21079

Determination of calcium oxide

Principle

an aliquot portion of the solution prepared by hydrofluoric acid attack (S2) a

-2:2008(E)

solution of

2,2’ 2”-nitrilotriethanol is added to mask interference ions. After adjusting the pH to about 13, an EDTA
titration is carried out using screened calcein as indicator.

7.2

Procedure

7.2,
app

This
oxig

In th
the
prog

7.2.
(1+
0,01
colg

7.2.
Mak

drops of ammonia solution (1+1) as required. After the precipitate has flocculated, filter through 4

(cod
acia
eva

7.3

Carl
aliq

7.4

Cal

wheg

1 Take a quantity of solution (S2) prepared (see Annex A of I1SO 21079-1:2008) and

determination is semi-quantitative; a two point calibration will suffice but the calculation of
e content should be based on the mass of original sample in the aliquot portion of §2 taken.

e event of the sample containing manganese(ll) oxide at a level of more than'about 0,1 % by 1
procedure given in 7.2.3 first, followed by the procedure given in 7.2,2, In all other cases
edure given in 7.2.2.

R
), and 10 ml of potassium hydroxide solution (250 g/l), dilute\to about 200 ml with water.
5 g of screened calcein indicator, and titrate with EDTA solution (5 g/l), from a semi-micro
ur change being from fluorescent green to pink, with the end-point being the final change in co

B Transfer precisely 100 ml of stock solution (S2) intp a 200 ml beaker and add 5 ml of bro|
e the solution slightly alkaline with ammonia solutioh (1+1) maintaining this alkalinity by the

rse) and wash thoroughly with warm water..Collect the filtrate and washings in a 300 ml
ify the solution with hydrochloric acid (1+1). Boil to completely remove any remaining b
borate to less than 80 ml. After cooling, catry out the procedure described in 7.2.2.

Blank test

'y out the procedure in 7.2,25using solution (B2) (see Annex A of ISO 21079-1:2008). Use ar
ot portion as used for the-sample in 7.2.2.

Calculation
tulate the mass\fraction of calcium oxide, w(CaO), expressed as a percentage, using Equation

50

w(CaO) 2 (V—v)xemxfOO

x100

re

roximate level of manganese(ll) oxide using the method given in Clause 7 of ISO 21587-2:2007.

check the

manganese

nass, follow
, follow the

Pipette 100 ml of the solution (S2) into a 500 ml conical flasky*Add 5 ml of 2,2’, 2”-nitjilotriethanol

Add about
burette, the
our.

mine water.
addition of
filter paper

beaker and
romine and

equivalent

8).

(8)

vV is the equivalent volume of EDTA solution in 7.2.3, in millilitres;
is the equivalent volume of EDTA solution in 7.3, in millilitres;

is the factor of 5 g/l EDTA solution;
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8 Determination of magnesium oxide

8.1 Principle

Hydroxyammonium chloride and 2,2’, 2”-nitrilotriethanol are added to an aliquot portion of stock solution (S2)
to mask interfering ions. Then a buffer solution is added to adjust the pH to about 10. The sum of the content
of calcium oxide and magnesium oxide is determined by titration with EDTA solution. The content of
magnesium oxide is calculated from this volume and that obtained in accordance with 7.2.

In the presence of significant amounts of chromium and manganese, sodium sulfide is added prior to the

titration.

8.2 Procedure

8.21 TaKe a quantity of solution (S2) (see Annex A of ISO 21079-1:2008) and check_the’ contert of
manganesg(ll) oxide in accordance with Clause 7 of ISO 10058-2 and/or chromium(lll) oxide-in accorddnce
with subclapise 3.2 or 4.2 of ISO 21079-3:2008.

If the solut
0,02%, follg

8.22 Pip
and dilute
2”-nitrilotrie
blue compl
changes frg

on (S2) contains a mass fraction of manganese(ll) oxide and/or chromium(lll) oxide more
w the procedure given in 8.2.3. In all other cases, follow the procedure(given in 8.2.2.

with water to about 200 ml. Add 10 drops of hydrochloric acid (concentrated), 20 ml of
thanol (1+1), and 25 ml of ammonia solution (concentrated).<Add about 0,04 g of the methyl thy
bxone indicator and titrate with EDTA (5 g/l) solution froma semi-micro burette, until the cd
m blue to colourless.

han

btte 100 ml of stock solution (S2) (see Annex A of 1ISO 21079-1:2008) into a 500 ml conical flask

.2,
mol
lour

8.2.3 Pipptte 100 ml of stock solution (S2) (see Annex A of\ISO 21079-1:2008) into a 500 ml conical flask
and dilute with water to about 200 ml. Add 5 ml of hydroxyammonium chloride solution (100 g/l), 20 ml of R,2’,
2”-nitrilotriethanol (1+1), 2 g ammonium chloride, 25 mik‘of ammonia solution (concentrated) and 1 njl of
sodium sulfide solution. Add 0,04 g of the methyl thymol blue complexone as an indicator while stirring |and
titrate with EDTA (5 g/l) solution from a semi-micrg_burette, until the colour changes from blue to colourless.
8.3 Blank test
Carry out |the procedure on an equivalent aliquot portion of blank solution (B2) (see Annex A of
ISO 21079-1:2008).
8.4 Calcplation
Calculate tHe mass fractiofn.of magnesium oxide in the sample, expressed as a percentage, as follows.
Deduct the [volume of EDTA used in the titration for the determination of calcium oxide from that used for the
titration of [the sup»"of calcium and magnesium oxide, after correcting for the volumes in the bjank
determinatipns.
Calculate tkc Mmoo flaUt;Ull Uf IIIGHIIUD;UIII UI\;dU, VV(I“VAIHC), UI\'JI\/OOUd do d PUIUUI ltagc, UO;IIS Equat;ull (C)-
V-F 250
w(MgO)=——x——x100 9
(MgO)=—=x275 (9)

where

V is the equivalent volume of EDTA solution used after deducting the volume of EDTA used in the

determination of CaO and the blank determinations, in millilitres;

12

is the factor for magnesium oxide of 5 g/l EDTA solution;

is the mass of the test portion obtained in accordance with 9.3.2.2 of ISO 21079-1:2008, in grams.
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9.1

ISO 21079-2:2008(E)

Determination of sodium oxide by flame photometry

Principle

A portion of stock solution (S2) is sprayed into the flame of a flame photometer, and the emission intensity of
sodium is measured.

9.2 Reagents

9.24

Reagents specified in 1ISO 21079-1:2008, as necessary, and those givenin 9220923

9.2.

Tra
oxig

9.2
Tra
add

sho

The

R Mixed standard solution 1, 0,1 mg CaO/ml, 0,1 mg MgO/ml, 0,1 mg Na,O/ml, 0,1 mg\K>Q

nsfer 20 ml aliquot portions each of the calcium oxide, magnesium oxide, sodium ,oxide ang
e standard solutions into a 200 ml volumetric flask and dilute to the mark with water:

B Series 1 solution for calibration.
nsfer aliquot portions of mixed standard solution 1 to each of severah100 ml volumetric flask
5 ml of hydrochloric acid (1+1) and dilute to the mark with water~Typical examples of preparation are
vn in Table 6.

volume of aluminium oxide required is determined by the content of that oxide in the sample.

Table 6 — Example of series-1solution for calibration

/ml.

potassium

s. To each,

Hydrochloric acid Mixed standard Concentration of solution
SO'Nu:°" (1+1) solution 1 mg/100 ml

ml mi CaOo MgO Na,O K,0
1 5 0 0 0 0 0
2 5 2 0,2 0,2 0,2 0,2
3 5 4 0,4 0,4 0,4 0,4
4 5 6 0,6 0,6 0,6 0,6
5 5 8 0,8 0,8 0,8 0,8
6 5 10 1,0 1,0 1,0 1,0
7 5 20 2,0 2,0 2,0 2,0
8 5 30 3,0 3,0 3,0 3,0
9 5 40 4,0 4,0 4,0 4,0
10 5 50 5,0 5,0 5,0 5,0
11 5 60 6,0 6,0 6,0 6,0

9.3 Procedure

Spray a portion of stock solution (S2) (see Annex A of I1SO 21079-1:2008) into the flame of a flame
photometer, as described in ISO 26845, and measure the emission intensity at a wavelength of 589,0 nm.

An optical filter for sodium may be used.
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9.4 Blan

k test

Carry out the procedure described in 9.3 using blank solution (B2) (see Annex A of ISO 21079-1:2008).

9.5 Plotting the calibration graph

Prepare a calibration graph by using the series 1 solution described in 9.2.3. Carry out the procedure
described in 9.3, and plot the relation between the emission intensity and mass of sodium oxide.

9.6 Calc

Calculate the mass fraction of sodium oxide, w(Na,O), expressed as a percentage, using Equation (10)
the mass of sodium oxide derived from the emission intensity obtained as described in 9.3 and %:4,)and

calibration
W(Naz

where
is
is

ny,

is

10 Deter]

10.1 Pring

The emissi
photometer

10.2 Proc

Spray a p
photometer|

An optical fi

10.3 Blan

Carry out th

ulation

repared as described in 9.5.

Ms ™Mb . 100

0) =
) m
he mass of sodium oxide in stock solution (S2), in grams;

he mass of sodium oxide in blank solution (B2), in grams;

mination of potassium oxide by flame photometry

Ciple

bn intensity of potassium is measured on stock solution (S2) by spraying into the flame of a fl

edure

prtion of stock solution” (S2) (see Annex A of ISO 21079-1:2008) into the flame of a fl
as described in ISO26845, and measure the emission intensity at the wavelength of 766,5 nn

Iter for potassilm may be used.

K test

he mass of the test portion obtained in accordance with9:3.2.2 of ISO 21079-1:2008, in gramg.

with
the

10)

ame

pme
n.

e“procedure described in 10.2 using blank solution (B2) (see Annex A of ISO 21079-1:2008).

10.4 Plotting the calibration graph

Carry out the procedure described in 10.2 using Series 1 solution for calibration described in 9.2.3. Plot the
relation between the emission intensity and mass of potassium oxide.

10.5 Calc

ulation

Calculate the mass fraction of potassium oxide in the sample, w(K,O), expressed as a percentage, using
Equation (11) with the mass of potassium oxide derived from the emission intensity obtained as described in
10.2 and 10.3, and the calibration prepared as described in 10.4.

14
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w(K,0) =" . 100
m
where
mg is the mass of potassium oxide in stock solution (S2), in grams;
my, is the mass of potassium oxide in blank solution (B2), in grams;
m is the mass of the test portion from 9.3.2.2 of ISO 21079-1:2008, in grams.

-2:2008(E)

(11)

11

11.

Determination of chromium(lll) oxide using diphenylcarbazide

| Principle

Ammonium ceric nitrate solution is added to a portion of the stock solution (§1) (S’1) or (S’1)

eva
exc
540

11.

Tra
bea
sulfi
nec
the

and

Tra
90
soly
by

nsfer 5 ml of the stock solution (S1), (S’1) or (S”1) (seerAnnex A of ISO 21079-1:2008), in
ker, add 5 ml of the sulfuric acid (1+9) and evaporate™to dryness. To the dry residue, add
iric acid (1+9) and about 15 ml of water. Warm to.dissolve as much of the residue as possi
bssary, through a filter paper (fine) and wash the residue with warm water. Evaporate to 20 ml,
pmmonium ceric nitrate solution and allow the solution to stand on a steam bath for 25 min. C
add the sodium azide solution drop by drop,-to destroy the colour of the excess ceric ion.

nsfer the solution to a 100 ml volumetric flask containing 3 ml of sulfuric acid (1+9) and dily
hl with water. Add 2 ml of diphenylcarbazide solution, dilute to 100 ml with water and mix
tion to stand for 5 min. Measure the absorbance of the solution against water in 10 mm cells a
sing a colour filter in a suitablejinstrument.

11.8 Blank test

Car
Ann
with
1.

Tra

'y out the procedure’given in 11.2 using an aliquot portion of blank solution (B1), (B’1) on
ex A of ISO 21079-1:2008). The volumes of the aliquot portion of blank solution used should
those for the-gorresponding stock solution.

i Plotting the calibration graph

nsfer\0 ml (as reference), 1 ml, 2 ml, 3 ml, 4 ml and 5 ml aliquot portions of diluted chromiu

star

previously
r to destroy

borated with sulfuric acid to remove chlorides. Sodium azide solution is~then added in orde

bss ceric ions, followed by diphenylcarbazide solution. The absorbance-of the complex is npeasured at
nm.

P Procedure

o a 100 ml
2 ml of the
ble. Filter, if
add 2 ml of
bol to 10 °C

te to about
. Allow the
540 nm, or

(B”1) (see
be identical

m(lll) oxide

dard solution [0 mg to 0 125 mg as chromium(lll) oxide] into each of six 100 ml volumetric f

asks. Treat

each of these solutions as described in 11.2, but add 5 ml of sulfuric acid instead of 3 ml of sulfuric acid, and
measure the absorbance against the reference solution. Plot the relation between the absorbances and mass
of chromium(lIl) oxide. Prepare the calibration graph by adjusting the curve so that it passes through the point

of o

rigin.

11.5 Calculation

Calculate the mass fraction of chromium(lll) oxide , w(Cr,0O3), expressed as a percentage, using Equation (12).
Use the amount of chromium(lll) oxide which is derived from the absorbance in 11.2 and 11.3 and the
calibration in 11.4.
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