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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 1SO
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
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sk of technical committees is to prepare International Standards. Draft Intepnational Stand
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| Standard requires approval by at least 75 % of the member bodies casting a-vote.
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CEN/TC 187, Refractory products and materials.

consists of the following parts, under the general ditte Chemical analysis of chrome-beg
roducts and chrome-bearing raw materials (alternative to the X-ray fluorescence method):

Apparatus, reagents, dissolution and determinéation of gravimetric silica
Wet chemical analysis

Flame atomic absorption spectrometry (FAAS) and inductively coupled plasma atomic emis
metry (ICP-AES)
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Chemical analysis of chrome-bearing refractory products and
chrome-bearing raw materials (alternative to the X-ray
fluorescence method) —

Part 1:

gr

Ap

paratus, reagents, dissolution and determination of
avimetric silica

1 |Scope
Thig part of ISO 20565 specifies methods for the chemical analysis of chrome-bearing refractory pfroducts and
chrome-bearing raw materials, using traditional (“wet”) methods, ICP-AES spectrometry [and FAAS
speftrometry. It covers apparatus, reagents, dissolution and determination of gravimetric silica.
It is|applicable in the ranges of determination given in Table.1.
ISO| 20565 provides alternatives to the X-ray fluorescence (XRF) method given in ISO 12677.
Table 1 — Range-of determination (% by mass)
Component Range
SiQy 0,5t0 10
Al,O, 210 30
Fe,04 0,5t0 25
TiO, 0,01to 1
MnO 0,01to 1
CaO 0,01to 3
MgO 15t0 85
Na,O 0,01to 1
K,0 0,01 to 1
Cry,04 210 60
Zr0, 0,01t00,5
P,05 0,01to 5
LOI -0,5t0 5
NOTE These values are after the loss on ignition (LOI) has been
taken into account.
© 1SO 2008 — Al rights reserved 1
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2 Norm

ative 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
document (including any amendments) applies.

ISO 6353-1

ISO 6353-2

ISO 6353-3

, Reagents for chemical analysis — Part 1: General test methods
, Reagents for chemical analysis — Part 2: Specifications — First series

Reagents for chemical analysis — Part 3: Specifications — Second series

ISO 26845:
absorption
methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 26845 apply.

4 Appa
Use normal
NOTE q
4.1
Heat in nitri

Instead of 3

4.2 Volu
as follows.

Wash the p
sending air
marked ling

Polyethylene tetrafluoride beaker, 200 ml.

P008, Chemical analysis of refractories — General requirements for wet chemical analysis;._atq
spectrometry (AAS) and inductively coupled plasma atomic emission spectrometry/ (ICP-A

ratus

laboratory apparatus and the following.

Dther apparatus is defined in ISO 26845.

C acid for at least 2 h and wash in water.

polyethylene tetrafluoride beaker,a 450 ml platinum dish may be used.

metric flasks, 100 ml each, made of plastics material as appropriate for each solution, calibr
astic flask and stand.it to 'dry naturally, or wash it with water, ethanol and diethylether and dry

into it. Cut the 20 _graduations off a sheet of section paper (1 mm?2) into a strip and attach it on
of the plastic flaskowith the central line of the paper. Weigh the flask to the nearest milligram.

mic
ES)

hted

t by
the
strip

tain
1, S,

(1)

Pour water [at a temperature approximately equal to the room temperature) up to the lower end (B) of the
and weigh the flaski\Then add water up to the upper end (A) of the strip and weigh the flask. Separately,
measure the water\femperature (°C), the room temperature (°C) and the atmospheric pressure (kPa). Ok
the correct marked line [i.e. the number of graduations counted from bottom edge (B) of graduation pape
by using Equation (1).
{1 000 000 — (m + m')
f e
S =
mA - mB
20

where

mp is the mass of water up to the top edge (A) of the graduation paper, in milligrams (mg), i.e. [(mass

ob

tained by second weighing) — (mass of Erlenmeyer flask)]:

mp = mp + (Mass of water from A to B);

© 1SO 2008 — All rights reserved
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mpg is the mass of water up to bottom edge (B) of the graduation paper, in milligrams (mg), i.e. [(mass
obtained by first weighing) — (mass of Erlenmeyer flask)];

m is the correction value, in milligrams (mg), at 20 °C room temperature, and 101,325 kPa atmospheric
pressure;

m' is the correction value, in milligrams (mg), due to the deviation from room temperature of 20 °C, and
an atmospheric pressure 101,325 kPa; it is + 4,0 mg per + 1 °C room temperature, and + 1,3 mg per
+ 0,133 kPa atmospheric pressure;

7 is 100 ml (nominal capacity of plastic flask to be calibrated).

Chgnge the paper strip for a fresh paper strip marked with the correct marked line made on.the plastic flask.
When using this flask, employ the marked line newly obtained above.

5 [Reagents

Dur|ng the analysis, unless otherwise stated, use only reagents of recoghized analytical grade and only
distflled water or water of equivalent purity.

Redgents shall conform to the requirements of ISO 6353-1, 1SO,6353-2 and ISO 6353-3 as appropriate.
Specific requirements for reagents are given in the appropriate clause.

Redgents that are listed in ISO 26845 and the following.

NOTE Where solutions are referred to as (1+1), etc., this implies v/v unless otherwise stated.

5.1 Stock reagents

5.1/1 Acetic acid (ISO 6353-2, R 1), concentrated, minimum 99,7 % by mass.
5.1.2 Aluminum chloride solutionAl{25 mg/ml).

Disgolve 123,5 g of aluminum chlotide into water and dilute to 1 | with water.

5.1.3 Ammonium chloride.

5.1. Ammonia solution (concentrated) (ISO 6353-2, R 3), minimum 25 % by mass.
5.1. Ammonijaysolution (1+1).
Add 1 volumg of ammonia solution (concentrated) (5.1.4) to 1 volume of water.

5.1. Ammonia solution (1+9).

Add 1 volume of ammonia solution (concentrated) (5.1.4) to 9 volumes of water.
5.1.7 Ammonium acetate solution, 200 g/I.

Dissolve 200 g of ammonium acetate with water and dilute to 1 I.

5.1.8 Ammonium molybdate solution, 20 g/I.

Dissolve 2 g of ammonium molybdate tetrahydrate in 20 ml of hot water, filter if necessary, and dilute to
100 ml with the addition of 60 ml of sulfuric acid (1+1) and water.

© 1SO 2008 — Al rights reserved 3
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5.1.9 L (+)-ascorbic acid solution, 100 g/I.

Dissolve 10 g of L (+)-ascorbic acid in water and dilute to 100 ml. This solution shall be kept in the dark and at
low temperature. Discard after 2 weeks.

5.1.10 Boric acid solution, 40 g/l.
Dissolve 40 g of boric acid with water and dilute to 1 1.

5.1.11 Chloroform.

5.1.12 Cupferron solution, 60 g/l.

Dissolve 6 ¢ of cupferron in 100 ml of water; filter if necessary. Prepare this solution freshly, as required. Store
the solid re}gent in a tightly stoppered bottle in the presence of a piece of ammonium carbonate‘to preyent
decompositjon.

5.1.13 Diantipyrylmethane (DAM) solution, 10 g/l.

Dissolve 1 ¢ of diantipyrylmethane monohydrate in 30 ml of hydrochloric acid (1+50);-and dilute to 100 ml with
water.

5.1.14 Fusion mixture, an equimolecular mixture of sodium and potassiumi‘carbonates.
5.1.15 Hydrazinium dichloride solution, 150 g/I.

Dissolve 1§ g of hydrazinium dichloride in water and dilute to 100(ml.

5.1.16 Hydrochloric acid (concentrated), (ISO 6353-2, R-13), 35 % by mass.

5.1.17 Hydrochloric acid (1+1).

Add 1 volume of hydrochloric acid (concentrated)(5.1.16) to 1 volume of water.

5.1.18 Hydrochloric acid (1+50).

Add 1 volurpe of hydrochloric acid (cencentrated) (5.1.16) to 50 volumes of water.

5.1.19 Hydrofluoric acid (concentrated), (ISO 6353-3, R 67), 40 % to 42 % by mass.
5.1.20 Hydrofluoric acid{(1+9).

Add 1 volurpe of hydrofltoric acid (concentrated) (5.1.19) to 9 volumes of water. Store in a plastic container.

5.1.21 Hydroxyammonium chloride solution, 100 g/I.

D' I 1 S | + lal HA | H + £i14 H 4 l ol alil .t 4 400 l
ISSO Ve Y VUITTyUTUA yartimorurr Irmuriac imr wdartim watlct, T 1T T1icLToodly, LUUTN AU Uliutc U TUU TTITT.

5.1.22 Liquid cation-exchange resin, for example, Amberlite LA-2 resin (1+4), made by adding 50 ml of the
resin to 200 ml of chloroform and mixing.

Transfer the mixture to a 500 ml separating funnel and shake gently with 25 ml of H,SO, (1+9) for a few
seconds, releasing the pressure frequently. Run off the organic layer into a 250 ml measuring cylinder.

5.1.23 Nitric acid (concentrated), 70 % by mass.
5.1.24 Nitric acid (1+1).

Add 1 volume of nitric acid (concentrated) (5.1.23) to one volume of water.

4 © 1SO 2008 — Al rights reserved
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5.1.25 2,2', 2"-Nitrilotriethanol (1+1).
Add 1 volume of 2,2, 2"-nitrilotriethanol to one volume of water.
5.1.26 1,10-Phenanthrolinium chloride solution, 1 g/l.

Dissolve 0,1 g of 1,10-phenanthrolinium chloride monohydrate in water, dilute to 100 ml, and keep in a dark
and cool place. However, discard the solution if it colours during storage.

5.1.27 Phosphoric acid (concentrated), 85 % by mass.

5.1.28 Phosphoric acid, (2+3).
Add 2 volumes of phosphoric acid (concentrated) (5.1.27) to 3 volumes of water, then mix and-alloy to cool.
5.1.29 Phosphoric acid (1+9).
Add 1 volume of phosphoric acid (concentrated) (5.1.27) to 9 volumes of water, theh mix and allow{ to cool.
5.1.80 Potassium hydroxide solution, 250 g/I.
Disgolve 250 g of potassium hydroxide in water, cool and dilute to 1 |. Store in a polyethylene bottleg.
5.1.31 Potassium periodate.

5.1.32 Sodium carbonate, anhydrous.
In spme brands of this agent, a minute quantity of calcium oxide is included. When determining cglcium oxide
EZ 1nsdel.(|jcftively coupled plasma atomic emission spectrometry (ICP-AES), a pure high-quality agent needs to

5.1.33 Sodium hydroxide solution, 100.g/l.

Caltiously dissolve 20 g of sodium hydroxide in 150 ml of water, while stirring and cooling. After cqoling, dilute
to approximately 200 ml.

5.1.84 Sulfuric acid (concentrated), (ISO 6353-2, R 37), minimum 95 % by mass.
5.1.85 Sulfuric acid (11

Cadtiously add, whilgstirring, 200 ml of sulfuric acid (concentrated) (5.1.34) to 200 ml of water,|cooling the
soldtion.

5.1.86 Sulfuric acid (1+9).

Caltiously add, while stirring, 20 ml of sulfuric acid (concentrated) (5.1.34) to 180 ml of water, [cooling the
solutien-

5.1.37 L (+)-tartaric acid solution, 100 g/I.
Dissolve 100 g of L (+)-tartaric acid with water and dilute to 1 I.
5.2 Indicators

5.21 Bromophenol blue solution, 1 g/l.

Grind 0,1 g of bromophenol blue with 1,5 ml of sodium hydroxide solution (4 g/l), dilute to 100 ml with water
and mix.

© 1SO 2008 — Al rights reserved 5
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5.2.2 Calcein indicator (screened), (3,3vv-bis[N,N'-bis(carboxylmethyl) aminomethyl] fluorescein).

Mix, by grinding together, 0,2 g calcein, 0,12 g of thymolphthalein and 20,0 g of potassium chloride.

5.2.3

Dithizone solution, 0,25 g/I.

Dissolve 0,012 5 g of dithizone in 50 ml of ethanol (95 %). The solution will keep for a week.

5.2.4 Xylenol orange solution, 1 g/l.

Dissolve 0,10 g of the xylenol orange with water and dilute to 100 ml. This solution shall be kept in the dark

and at low temperature. Discard after 4 weeks.

5.3 Stan
531 0,1
Measure 3(
it to cool. T
store the sdg

Dry the req

150 °C for @bout 60 min, and allow it to cool in a desiccator. Weigh 0,12@\to the nearest 0,1 mg in a 20
K and add 100 ml of water to dissolve it. Then add gradually’30 ml of sulfuric acid (concentragted)

conical flas
(5.1.34) wh
with the 0,1
green to reg

dard solutions

mol/l ammonium iron(ll) sulfate solution.

0 ml of water, add gradually 30 ml of sulfuric acid (concentrated) (5.1.34) whilg’agitating and a
hen add 40 g of ammonium iron(ll) sulfate hexahydrate and 700 ml of Water to dissolve it,
lution in an airtight container. Prepare this when it is needed.

Lired amount (about 0,3 g) of potassium dichromate, reference material for volumetric analysi
le agitating and allow it to cool. As an indicator, add several drops of ferroin solution, and titra

mol/l ammonium iron(ll) sulfate solution. Make it the end point when the solution turns from bl
dish brown.

Calculate the factor, F, of the 0,1 mol/l ammonium iron(ll) sulfate solution using Equation (2).
=0 07 60377 1610
where
m is the mass of the weighed potassium dichromate, in grams (g);
A is the purity of the potassium dichromate, in percentage (%) by mass;
0,004 903 is the mass.of’potassium dichromate equivalent to 1 ml of 0,1 mol/l ammonium iron(ll) su
solutionyin\grams (g);
14 is the’ volume of the 0,1 mol/l ammonium iron(ll) sulfate solution needed for titration

millilitres (ml).

5.3.2 Aluminium oxide standard solution, Al,O, 1 mg/ml.

llow
and

5, at
D ml

te it
Lish

()

fate

Wash the surface of a sufficient amount (about 1 g) of aluminium metal (purity greater than 99,9 % by mass)
with hydrochloric acid (1+4) to dissolve the oxidized layer. Then wash with water, ethanol, and diethyl ether in
succession, and dry in a desiccator. Weigh 0,529 2 g of the aluminium and transfer into a 250 ml beaker.
Cover with watch glass, add 20 ml hydrochloric acid (1+1), and heat to dissolve. After cooling, dilute to

1000 mlin

5.3.3 Cal

a volumetric flask with water.

cium oxide standard solution, CaO 1 mg/ml.

Dissolve 1,785 g of pure calcium carbonate, previously dried at 150 °C, in a slight excess of diluted
hydrochloric acid (1+4) in a 250 ml beaker covered with a watch glass. Boil to expel carbon dioxide, cool and

diluteto 1 0

00 ml in a volumetric flask.

© 1SO 2008 — All rights reserved
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Dilute precisely the calcium oxide standard solution (5.3.3) with water to a concentration of one twentieth.

5.3.

5 Chromium (lll) oxide standard solution.

Dry about 2 g to 3 g of potassium dichromate at 110 °C for at least 2 h. Weigh 1,935 g of this and dissolve in
water, diluting to 1 000 ml in a volumetric flask.

5.3.6 0,01 mol/l CyDTA solution.

Add
1,21
coo

5.3.

Add
1,24
coo

Tra
100
con
indi

Cal

whd

5.3.

Diss
in a
50 1
soly

8 ml of sodium hydroxide solution (100g/l) and about 150 ml of water to
cyclohexanediamine-N,N,N',N'-tetraacetic acid monohydrate (CyDTA) and dissolve by._he|
ing, dilute to 1 000 ml with water.

7 0,05 mol/l CyDTA solution.

40 ml of sodium hydroxide solution (100 g/l) and about 500 mh\of water to
cyclohexanediamine-N,N,N',N'-tetraacetic acid monohydrate (CyDTA) and dissolve by he
ing, dilute to 1 000 ml with water.

nsfer 250 ml of magnesium oxide standard solution (MgO 1 mg/ml)(5.3.14) to a 500 ml conic4
0 ml of the CyDTA solution. Then add 2 g of ammoniumchloride and 25 ml of ammor]
Centrated, 25 % by mass (5.1.4). Titrate with the CyDTA &olution, using Solochrome Black
cator, from red through purple to the last change to a cleanice blue.

tulate the factor, F, of the 0,05 mol/l CyDTA standard.§olution using Equation (3).
1x 250
/4030
0,05xV
re

/is the factor of the magnesium oxide standard solution (MgO 1 mg/ml) (see ISO 26845);
vV is the volume of the'0,05 mol/l CyDTA solution, in millilitres (ml).

B 0,02 mol/l EDTA standard solution.

olve 7,5 g of EDTA2Na (ethylenediamine-tetraacetic acid disodium salt dihydrate) with 1 | of
plastic bottle.*Transfer 50 ml of 0,01 mol/l zinc solution, obtained in 5.3.31, to a 300 ml beal

hl of water) Drop in sodium hydroxide solution (100 g/l) of up to pH 6 to pH 8 and add 2
tion (pH.10) (see 4.1.18 of ISO 26845:2008) and, while stirring, add 3 to 4 drops of Eriochrg

solu

purpleZcolour of the solution is altered to blue.

tion\as an indicator and titrate with 0,02 mol/l EDTA solution. Observe the end point when

3,659 of
ating. After

18,25g of
ating. After

| flask. Add
ia solution,
6B as the

®)

vater. Store
er and add
m| of buffer
me Black T
the reddish

Calculate the factor, F, of the 0,02 mol/l EDTA standard solution using Equation 4.

F:f><50
2xV

where

fis the factor of the 0,01 mol/l zinc solution;

vV is the volume of the 0,02 mol/l EDTA solution, in millilitres (ml).

© 1SO 2008 — All rights reserved
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5.3.9 0,05 mol/l EGTA standard solution.

Dissolve 19,1 g of EGTA [ethylene glycol di(aminoethyl)-tetra acetic acid] in 500 ml of water by progressively
adding a minimum amount of potassium hydroxide solution, 250 g/l (5.1.30).

NOTE

Dilute to 1 1.

Approximately 25 ml should be required.

Store in a polyethylene bottle.

Transfer 10 ml of magnesium oxide solution (MgO 10 mg/ml) (see 1SO 26845) to a 250 ml volumetric flask
and 20 ml of the EGTA standard solution. Dilute to 150 ml and add potassium hydroxide, 250 g/l (5.1.30) until

no further grecipitation occurs. Add 10 ml in excess, followed by 10 ml of Magflok solution (see ISO 26845).
Dilute to 290 ml, shake and allow to stand for about 10 min to settle. Filter through a dry, coarse filtér,paper
(125 mm) into a dry beaker. Pipette 200 ml of the filtrate into a 500 ml conical flask and add-\15 ml of
potassium hydroxide solution, 250 g/l (5.1.30). Titrate with calcium oxide standard solution (€aQ" 1 mg/ml)
using calce|n as indicator to the first appearance of green fluorescence.
Calculate the factor, F, of the 0,05 mol/l EGTA standard solution using Equation (5).
F:&)1350><f:V )
0,05x20x —
5
where
fis the factor of the calcium oxide standard solution (CaO 1*mg/ml);
vV is the volume of the calcium oxide standard solution (CaO 1 mg/ml), in millilitres (ml).
5.3.10 Internal standard solution.
Transfer 10 ml of standard scandium oxide solution((5:3.23) and standard yttrium oxide solution (5.3.30) irfto a
volumetric 100 ml flask and dilute to the mark with-water. Prepare when necessary.
5.3.11 Iron(lll) oxide standard solution; Fe,O3 1 mg/ml.
Wash the qurface of a sufficient amount (about 1 g) of iron metal (purity greater than 99,9 % by mass) with
hydrochlori¢ acid (1+4). Dissolve the oxidized layer, wash with water, ethanol, and diethyl ether in succesgion.
BSS.
D ml
plve
igh
0,1399g o acid

(1+1) and heat to dlssolve on a steam bath. After cooling, dilute with water to 1 000 ml in a volumetric flask.
5.3.13 Diluted iron(lll) oxide standard solution, Fe,03 0,04 mg/ml.

Transfer 40 ml of the iron(lll) oxide standard solution, 1 mg/ml (5.3.11) to a 1 000 ml volumetric flask and
dilute to the mark with water. Prepare this solution freshly on the day of use.

5.3.14 Magnesium oxide standard solution, MgO 1 mg/ml.
Wash the surface of a sufficient amount of magnesium metal (purity greater than 99,9 % by mass) with

hydrochloric acid (1+1) to dissolve the oxidized layer. Then wash with water, ethanol, and diethyl ether in
succession and dry in a desiccator. Weigh 0,301 5 g of the washed magnesium, transfer to a 200 ml beaker

© 1SO 2008 — All rights reserved
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and cover with a watch glass. Add 10 ml of hydrochloric acid (1+1), and heat on a steam bath until dissolved.
After cooling, transfer to a 500 ml volumetric flask, and dilute to the mark with water.

5.3.

Dilu

5.3.

15 Diluted magnesium oxide standard solution, MgO 0,1 mg/ml.
te the magnesium oxide standard solution (5.3.14) to one tenth with water.

16 Manganese(ll) oxide standard solution, MnO 1 mg/ml.

Wash the surface of the manganese (purlty greater than 99 9 % by mass) W|th hydrochlonc acid (1+4) to

5.3.
Hes
des
1 0(
5.3.
Dilu
5.3.
Dilu
5.3.
Tak
Ccoo

and

Cal

whd

gh 0,774 5 g of manganese and transfer it to a 200 mI beaker. Add 20 mI of hydrochlorlc aci
until dissolved using a water bath. After cooling, transfer to a 1 000 ml volumetric flask.

17 Diluted manganese(ll) oxide standard solution, MnO 0,04 mg/ml.

10 ml of nitric acid (1+1) to 40 ml of the manganese(ll) oxide standard solutioni/and dilute to 1
pr. Prepare this solution freshly for each test.

18 Phosphorus(V) oxide standard solution, P,Og 0,1 mg/ml.
t about 0,5g of potassium dihydrogen phosphate at 110 °C +'%6'°C for 3 h and allow {c
ccator. Weigh 0,191 7 g, transfer to a 200 ml beaker and dissolve with 100 ml of water. Tra

0 ml volumetric flask and dilute to the mark with water.

19 Diluted phosphorus(V) oxide standard solution, 505 0,04 mg/ml.

R0 Diluted phosphorus(V) oxide standard\solution, P,O5 0,01 mg/ml.

21 1/60 mol/l potassium dichromate solution.
e the required amount (about 6°g) of potassium dichromate, dry at 150 °C for about 60 min, ar
add water to dissolve it Further add water up to the mark. Store in an airtight container.

tulate the factor, F,-0f the 1/60 mol/l potassium dichromate solution using Equation (6).

m A

~4.903)' 100

re

a desiccator.
d (1+1) and

000 ml with

cool in a
nsfer into a

te the standard phosphorus(V) oxide solution precisely to the concentration of four tenths by water.

te the standard phosphorus(V) oxide selution precisely to the concentration of one tenth by walfer.

d allow it to

in a desiccator. Weigh 4;9:g'to 5,0 g of this to the nearest 0,1 mg, transfer it to a 1 000 volumetric flask,

(6)

m is the mass of the weighed potassium dichromate, in grams (g);

A is the purity of the potassium dichromate, in percentage (%) by mass;

4,903 is the mass of potassium dichromate in 11 of 1/60 mol/l potassium dichromate solution,

in grams (g).

5.3.22 Potassium oxide standard solution, K;,O 1 mg/ml.

Transfer 2 g to 3 g of potassium chloride into a platinum crucible (30 ml) and ignite at 600 °C + 25 °C for
60 min. Allow to cool in a desiccator. Weigh 1,582 9 g of this substance and transfer it to a 200 ml beaker.
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NOTE

any of this substance. Wash off the residue adhering to the platinum dish with a small amount of water.

Dissolve in

100 ml of water, transfer to a 1 000 ml volumetric flask and dilute to the mark with water.

5.3.23 Scandium oxide standard solution, Sc 1 mg/ml.

For example, weigh precisely on a platinum weighing dish, and transfer into a beaker taking care not to scatter

Dry 0,2 g of scandium oxide at 110 °C £ 5 °C for 60 min, cool in a desiccator and weigh out 0,153 4 g.
Transfer to a 100 ml beaker and gradually add 10 ml of hydrochloric acid (1+1) to dissolve. Dilute precisely to

100 mlina

volumetric flask with water.

A commerc
5.3.24 Sili

Weigh 0,7
(e.g. 30 ml
silicon(IV)

sodium car
plastic beak
Transfer thi

5.3.25 Dilyted silicon(lV) oxide standard solution, SiO, 0,04 mg/ml.

Dilute 10 m

5.3.26 Sodium oxide standard solution, Na,O 1 mg/ml.

Transfer 2 ¢ to 3 g of sodium chloride into a platinum crucible (30 ml) and ignite at 600 °C + 25 °C for 60

Allow to coq

Dissolve in

5.3.27 Titanium(lV) oxide standard solution,;TiO, 1,0 mg/ml.

Weigh 0,59
watch glas
(1+1) and (
watch glas
cooling, rin
detectable.

icon(lV) oxide standard solution, SiO, 1 mg/ml.

al scandium oxide standard solution may be used.

g to 1,0 g of silicon(IV) oxide (purity greater than 99,9 % by mass) in a platinum cruc
and heat for 30 min at 1 150 °C + 50 °C. Cool in a desiccator and then weigh'0,500 0 g of
pxide into a platinum crucible (e.g. 30 ml). Fuse the silicon(IV) oxide with. 3,0 g of anhyd
ponate. Cool and wipe the outside of the crucible, and dissolve in warm water (150 ml) in a 20
er while stirring using a plastic rod. Cool and dilute without heating to 500-ml in a volumetric fl
5 solution to a plastic bottle immediately.

of silicon(lV) oxide standard solution (1,0 mg/ml) to 250 ml with water.

I in a desiccator. Weigh 1,885 9 g of this substance and transfer it to a 200 ml beaker.

100 ml of water, transfer to a 1 000 ml volumetric flask and dilute to the mark with water.

O 4 g of titanium (purity greaterithan 99,9 % by mass) on a 100 ml platinum dish and cover w
made of polyethylene tetrafluoride resin. Add 20 ml of hydrofluoric acid, 15 ml of sulfuric
,5 ml of nitric acid. Heat until dissolved on a steam bath. Remove the watch glass and rinse
with water. Heat the-solution on a sand bath until sulfuric acid fumes can be detected. A
5e the inner wall of.the platinum with a small amount of water and heat again until fumes
After cooling, add water and dilute to 1 000 ml in a volumetric flask with water.

ible
this
ous
D ml
ask.

Mmin.

th a
acid
the
\fter
are

5.3.28 Diluted titanium(lV) oxide standard solution, TiO, 0,2 mg/ml, prepared by transfering 100 ml of

titanium(IVv

Prepare wh

oxide standard solution (5.3.27) into a 500 ml volumetric flask and diluting to the mark with wa

en-necessary.

er.

5.3.29 Diluted titanium(lV) oxide standard solution, TiO, 0,01 mg/ml, prepared by diluting precisely
standard titanium(IV) oxide solution (TiO, 0,2 mg/ml) (5.3.28) to the concentration of one twentieth by water.

5.3.30 Yttrium oxide solution, Y 1 mg/ml.

Dry 0,2 g of yttrium oxide at 110 °C + 5 °C for 60 min, cool in a desiccator and weigh out 0,127 0 g. Transfer
to a 100 ml beaker and gradually add 10 ml of hydrochloric acid (1+1) to dissolve. Dilute precisely to 100 ml in
a volumetric flask with water.

A commerc

10

ial yttrium oxide standard solution may be used.
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5.3.31 0,01 mol/l zinc standard solution.

Wash the surface of the zinc (purity greater than 99,9 % by mass) with hydrochloric acid (1+4) and dissolve
the oxidized layer. Wash with water, ethanol and diethyl ether in succession and dry in a desiccator. Weigh
330 mg + 0,1 mg of zinc, cover with a watch glass and transfer it to a 300 ml beaker. Add 20 ml of water,
carefully add 10 ml of nitric acid and heat until dissolved on a steam bath. After cooling, dilute to 500 ml in a
volumetric flask with water.

Calculate the factor, F, of the 0,01 mol/l zinc solution using Equation (7).

m A
FF=—x—
0,32695 100

)

whqre

m is the mass of the weighed zinc, in grams (g);

A is the purity of the zinc, in percentage (%) by mass.
5.3.82 0,05 mol/l zinc standard solution.

Wash the surface of the zinc (purity greater than 99,9 % by mass){with hydrochloric acid (1+4) gnd dissolve
the loxidized layer. Wash with water, ethanol and diethyl ether ja\succession and dry in a desiccator. Weigh
3 269 mg + 0,1 mg of zinc, cover with a watch glass and transféer it to a 500 ml beaker. Add 50 ml of water,
cargfully add 15 ml of nitric acid and heat until dissolved on.a'steam bath. After cooling, dilute to|1 000 ml in
volymetric flask with water.

Calgulate the factor, F, of the 0,05 mol/l zinc solutionusing Equation (8).

Fo—m A ®8)
16635 100

whegre

m is the mass of the weighéd zinc, in grams (g);

A is the purity of the-zinc, in percentage (%) by mass.
5.3.83 Zirconium oxide standard solution, ZrO, 1 mg/ml.
Transfer 0,3 g of\zirconium oxide (purity greater than 99,9 % by mass) into a platinum crucible (30 ml) and
heat stronglycat 100 °C £ 25 °C for 60 min. Allow to cool in a desiccator. Weigh out 0,200 0 g int¢ a platinum
crugible (30-ml) and add 4 g of potassium disulfate and fuse. After cooling, put the whole platinum grucible into

a 200 ml beaker, add 100 ml of sulfuric acid (1+9) and heat until dissolved. After cooling, remove the platinum
crugible,and wash it. Dilute precisely to 200 ml with water.

5.3.34 Diluted zirconium oxide standard solution, ZrO, 0,005 mg/ml.

Transfer precisely 5 ml of the zirconium oxide standard solution to a 1 000 ml volumetric flask and dilute to the
mark with water.

6 Sample preparation

Prepare the sample as described in ISO 26845.
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7 Basic procedure

Carry out each chemical analysis and a blank test as given in Clause 9.

8 Determination of loss on ignition (gravimetric)

Determine the loss on ignition as given in ISO 26845:2008, Clause 12.

9 Deco mposition of the sample and preparation of solutions used in the anaIySI§I

9.1 Geng¢ral decomposition techniques
To meet all[the requirements of “wet” methods, flame photometry, atomic absorption spectremetry (AAS)[and
inductively goupled plasma atomic emission spectrometry (ICP-AES), the following decompasition procedlres
are requireq:

— decomposition by fusion followed by removal of the bulk of the silica present by-¢oagulation (see 9.2.2);

— decomposition by fusion and dissolution in sulfuric acid (see 9.2.3);

— decomposition and removal of the silica by hydrofluoric acid for flame photometry (see 9.3.2);
— decomposition and removal of the silica by hydrofluoric acid for AAS (see 9.3.3);

— decomposition and removal of the silica by hydrofluoric acid for ICP-AES (see 9.3.4);

— decomposition and separation of components by cation-exchange resin column for traditional methods
(see 9.4.2);

— decomposition and separation of components by resin solution for traditional methods (see 9.4.3).

NOTE Only those decomposition procedures used in the particular techniques chosen need to be prepared.
9.2 Dissplution methods by fusion

9.2.1 General

A solution i prepared for the determination of silicon(IV) oxide in solution, iron(lll) oxide, titanium(IV) oxide,
manganesg(ll) oxides~chromium(lll) oxide, zirconium oxide, and phosphorus(V) oxide by one of the following
two methods:

a) fusion with alkali carbonate and boric acid, dissolution of the melt in hydrochloric acid and removal of the
bulk oflthe-siicerth-oxide-by-ceagulation;

TereroT s

b) fusion with alkali carbonate and boric acid, and dissolution of the melt in sulfuric acid.
9.2.2 Preparing a solution by fusion and coagulation

9.2.21 Principle

The sample is fused in anhydrous sodium carbonate and boric acid and the melt is dissolved in hydrochloric
acid. A gel of silica is formed by brief evaporation and this is coagulated with polyethylene oxide. The
precipitate is filtered, washed and ignited in a platinum crucible. The precipitate is ignited and weighed both
before and after hydrofluoric acid treatment. The difference in mass gives the gravimetric silica. After
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hydrofluoric acid treatment, the residue is fused with anhydrous sodium carbonate and boric acid and the melt

is dissolved in the reserved filtrate.

The solution is diluted to a standard volume to obtain stock solution (S1).

9.2.2.2 Mass of test portion to be weighed

Weigh 0,50 g of the test sample.

The sample used for the determination of loss on ignition may be used if it has not sintered.
9.2P.3 Procedure

9.2.31 Weigh the dried sample into a platinum dish (e.g. 75 ml), add 4,0 g of ‘anhydr
carlponate and 2,7 g of boric acid and mix thoroughly. Cover it loosely with a platinuny lid."Heat o

or i
crud
dec

NOT
NOT
9.2,

hyd
bath

N an electric furnace, slowly at first, then gradually raise the temperature to fuli-heat. Final
ible and contents in an electric furnace at 1100 °C +25°C for about{-10 min until
pmposed. Remove the crucible from the furnace and cover it with a platinum lid or a watch glas

E1 If rapidly heated, the sample tends to scatter owing to the dehydratiomof.boric acid.
E2 Along fusion time makes the dissolution of molten substance difficult in hydrochloric acid.
.3.2 Remove the dish from the furnace and allow it 1@ cool. Then add 5 ml of ethan

rochloric acid (1+1) (5.1.17) and 2 ml of sulfuric acid (1+%1)\(5.1.35), cover with a lid and heat
until the melt is completely dissolved. Remove the watch glass and wash it with water.

surface layer of salts and crush the precipitate into fine pewder using a glass rod with a flat end. H

mix
Mix
sevi
filtrg

9.2.
sulf
is c
in &
(1+
Co0

9.2.
and
con
volu

Thig

ure becomes syrup and then add 5 ml of hydrochloric acid (1+1) and 10 ml of polyethylene ox
thoroughly and allow to stand for 5 min. Filtepwith ashless filter paper into a 300 ml beake
bral times with hot hydrochloric acid (1+50)~Wash with hot water until no chloride is detecte
te and washings in the beaker covered with'the platinum lid or the watch glass.

.3.3 Transfer the precipitate with the filter paper to a platinum crucible (30 ml) and ad
Iric acid (1+1). Heat over a burner-er an electric furnace at low temperature until ashing of thg
bmplete, then heat the crucibletand its contents in an electric furnace at 1 100 °C + 50 °C for §
desiccator and weigh (m4)Moisten the content in the crucible with water, add 3 drops of s
) and 10 ml of hydrofluoricacid and heat on a sand bath until dry. Heat at 1 100 °C £ 50 °C
in a desiccator and weigh. Calculate the difference between the first mass (m,) and second m

2.3.4 Add 1,0 g-of anhydrous sodium carbonate and 0,3 g of boric acid to the residue in
fuse it by heating. After cooling, add 5 ml of hydrochloric acid (1+1), dissolve by heating and
served filtrated If necessary, condense the conserved filtrate in a 300 ml beaker, transfer
metric flask and dilute to the mark with water.

solution is designated as stock solution (S1).

bus sodium
er a burner
y, heat the
completely
S.

pl, 30 ml of
on a steam
Destroy the
eat until the
de solution.
r and wash
H. Keep the

j a drop of
filter paper
0 min. Cool
sulfuric acid
for 10 min,
aSs (m5).

the crucible
mix with the
o a 250 ml

9.2.2.4

Blank test

Carry out the procedure given in 9.2.2.3 without the sample, but omit the fusion of the flux.

The

resulting blank solution is designated (B1).

9.2.3 Decomposition by fusion and dissolution in sulfuric acid

9.2.3.1

Principle

The sample is fused with anhydrous sodium carbonate and boric acid. The melt is dissolved in sulfuric acid.

The

solution is diluted to the standard volume to obtain stock solution (S'1) of the sample.
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9.2.3.2

Weigh 0,50

Mass of test portion to be weighed

g of the test sample.

The sample used for the loss on ignition may be used if it has not sintered.

9.2.3.3

Procedure

Weigh 0,50 g of the dried sample in a platinum crucible (75 ml), add 4,0 g of anhydrous sodium carbonate and

2,7 g of boric acid and mix thoroughly Cover Ioosely with a pIatlnum lid, if necessary Heat over a burner or

an electric
and conte

Remove thg

(1+9) and,
and wash it
to the mark

This solutio

9.234 E
Carry out th

The resultin
9.3 Diss

9.3.1 Gen
The followir
a) decom
b) decom
c) decom

9.3.2 Dec

9.3.21 H
A portion ¢
evaporatior
up to volum

ts in an electrlc furnace at 1100°C+25 °C for about 10 min until completely decompo
crucible from the furnace and cover it with a platinum lid or watch glass. Add 55 ml of sulfuric
vhile stirring, heat on a steam bath until the melt is completely dissolved. Remove the .watch g
with a small amount of water. Transfer the resulting solution to a 250 ml volumetric flask and d
with water.

h is referred to as stock solution (S'1).

Blank test

e procedure given in 9.2.3.3 without the sample, but omit the fusion of the flux.
g blank solution is designated (B'1).

plution methods by hydrofluoric acid attack

eral

g techniques are used:

bosition and removal of the silica by-hydrofluoric acid for flame photometry (see 9.3.2);
position and removal of the siliéa by hydrofluoric acid for AAS (see 9.3.3);

position and removal of the silica by hydrofluoric acid for ICP-AES (see 9.3.4).
omposition by hydrofluoric acid for flame photometry

rinciple

to dryness with sulfuric acid. The residue is dissolved in hydrochloric acid and the solution m
e~T his becomes stock solution (S2).

ible
5ed.
acid
ass
lute

f the sample is decomposed using hydrofluoric acid, the remaining fluorides being removed by

ade

9.3.2.2

Weigh 0,20

9.3.2.3

Mass of test portion to be weighed

g of the test sample.

Procedure

Weigh 0,20 g of the dried sample into a platinum dish (150 ml), moisten with water, add 3 ml of sulfuric acid
(1+1), 2 ml of nitric acid, 10 ml of hydrofluoric acid and mix thoroughly. Carefully decompose the sample by
heating it on a sand bath. Heat until dry and until white fumes appear from the sulfuric acid. After cooling,
rinse the inner wall of the platinum dish with a small quantity of water. Add 2 ml of nitric acid, 5 ml of
hydrofluoric acid and evaporate the solution until no more sulfuric acid fumes appear on a sand bath.

14
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NOTE 1 For mixing the content in a platinum dish, a thick and head-bent platinum alloy wire (e.g. platinum-rhodium), a
platinum spoon or an ethylene 4-fluoride resin rod/spoon may be used. During the decomposition process, violent
reactions can cause scattering of the solution and care needs to be taken to avoid this. If bubbles are generated over the
solution surface before white smoke appears from sulfuric acid, cover with a platinum lid or one made of ethylene
4-fluoride and remove from the sand bath after the smoke appears. After cooling, wash the platinum lid and the inner wall
of the platinum dish with a small quantity of water and heat again.

After cooling, add 5,0 ml of hydrochloric acid (1+1) and 20 ml of water. Dissolve by heating on a steam bath
and filter using a plastic funnel and ashless filter paper into a 100 ml plastic beaker. Wash thoroughly with hot
water.

NOT:

NOTE 3  Contamination of the solution by fine particles does not influence measurement.
Aftgr cooling, transfer the solution to a 100 ml plastic volumetric flask and dilute to the mark ‘with water.

Thig solution is referred to as stock solution (S2).

9.3.2.4 Blank test

Carfy out the procedure given in with 9.3.2.3 without the sample. The-fesulting blank solution is|designated
(B2).

9.3.3 Decomposition by hydrofluoric acid for AAS

9.38.1 Principle

A pprtion of the sample is decomposed using hydrofluoric acid, the remaining fluorides being femoved by
evaporation to dryness with sulfuric acid. The residue is dissolved in hydrochloric acid, lanthanum solution
added and the solution made up to volume. This becomes stock solution (S3).

9.3.38.2 Mass of test portion

Weigh 0,20 g of the test sample.

9.3.3.3 Procedure

Weigh the sample into @ platinum dish (e.g. 75 ml) and ignite gently over a burner to remove cafbonaceous
matter. Allow the dish-to cool and moisten the residue with water, add 2 ml of sulfuric acid (1+1), 2 ml of nitric
acid, and 10 ml ofyhydrofluoric acid. Transfer the dish and contents to a sand bath, cover with a lid and allow
the reaction to proceed for about 15 min. Remove the lid, rinsing it with water into the dish and thep evaporate
to dryness, being careful to avoid spurting. After cooling, rinse the inner wall of the platinum dish with a small
quaptity ofSwater. Then add 1 ml of sulfuric acid (1+1), 2 ml of nitric acid, and repeat the eviporation to

dryness. After cooling, add 5,0 ml of hydrochloric acid (1+1) and approximately 20 ml of water and warm on a
stegm~bath to dissolve. Filter, if necessary, using a filter paper (closed-pore), into a 200 ml beaker, washing
thoroughly with hot water.

After cooling, add 10 ml of lanthanum solution, transfer to a 100 ml plastic volumetric flask and dilute to the
mark with water.

This solution is designated as stock solution (S3).

9.3.3.4 Blank test
Carry out the procedure given in 9.3.3.3 without the sample.

The resulting blank solution is designated (B3).
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9.3.4 Decomposition by hydrofluoric acid for ICP-AES

9.3.4.1

Principle

A portion of the sample is decomposed using hydrofluoric acid, the remaining fluorides being removed by
evaporation to dryness with sulfuric acid. The residue is dissolved in hydrochloric acid and the solution made

up to volume. This becomes stock solution (S4).

9.3.4.2 Mass of test portion to be weighed

WEIQh 0,20 O of-thetest DGIII}J:U.

9.3.4.3 Rrocedure

Prepare a solution of the sample as in 9.3.3.3 but omitting the addition of 10 ml of lanthanum solution.

This solutioh is designated as stock solution (S4).

9.3.44 Blank test

Carry out the procedure given in 9.3.4.3 without the sample.

The resultirjg blank solution is designated (B4).

9.4 Separation methods by ion-exchange

9.41 Gerneral

The following techniques are used:

a) decomposition and separation of componentstby cation-exchange resin column for traditional methods
(see 9.4.2);

b) decomposition and separation of components by resin solution for traditional methods (see 9.4.3).

9.4.2 Separation methods by cation-exchange resin column

94.21 Rrinciple

A sample fs fused with{'sodium carbonate and boric acid and it is dissolved in nitric acid. The Rcid

concentratipn is adjustéd and the solution is eluted on a column filling up cation-exchange resin and| the

resulting di¢hromic:acid is eluted. Aluminium and titanium are eluted with hydrofluoric acid (1+150) and irgn is

eluted with| hydrofluoric acid (1+20). After the column is washed with water, calcium and magnesium|are

eluted with| Rydrochloric acid (1+2). Perchloric acid and sulfuric acid are added to the eluate contaihing

hydrofluoric—acdandthesotution s Heatedto Temove hydroftuoricacid—The treatedetuatesanmd—ametuate

containing hydrochloric acid are used to determine each component.

The solutions are diluted to standard volumes as stock solution (SE-a), (SE-b) and (SE-c).

9.4.2.2

Procedure

Weigh 0,500 0 g of the sample, prepared in accordance with Clause 6, in a 75 ml platinum dish. Add 4,0 g of
anhydrous sodium carbonate, 2,7 g of boric acid and fuse using the method given in 9.2.2.3.1. Cover with a
watch glass and allow to cool. Add 60 ml of nitric acid (1+3) and heat on a steam bath while stirring with a
glass rod until the melt has completely dissolved. Wash the watch glass and glass rod with water and remove.
After cooling, transfer to a 250 ml volumetric flask and dilute with water to the mark.
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