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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
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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) —

Pr\r{- -

v V.

Flame atomic absorption spectrophotometry (FAAS) and
inductively coupled plasma emission spectrometry (ICP-AES)

1 |Scope
Thig part of ISO 21079 specifies flame atomic absorption spectrophotometry (FAAS) and inductiviely coupled
plagma emission spectrometry (ICP-AES) methods for the analysis of AZS (alumina, zirconia,| and silica)
refractory products (containing 5 % to 45 % of ZrO,) and raw materials.

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

Thig part of ISO 21079 gives alternatives to the X-ray fluorescence (XRF) method given in ISO 1277.

2 |Normative references

Thel| 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 amendménts) applies.

I1ISO[21079-1:2008, Chemical gnalysis of refractories containing alumina, zirconia and silica — Refractories
confaining 5 % to 45 % of ZrO, (alternative to the X-ray fluorescence method) — Part 1: Apparatys, reagents
and|dissolution

ISO| 26845, Chemical analysis of refractories — General requirements for wet chemical analysis, atomic
absprption spectrometry (AAS) and inductively coupled plasma (ICP) methods

3 |Instrumental methods using ICP-AES

3.1 Determination of residual silica in solution by ICP-AES

311 Principle

The residual silica remaining in solution in solutions (S1) or (S'1) is determined using ICP-AES.
3.1.2 Reagents

3.1.21 General

Prepare the reagents given in 3.1.2.2 to 3.1.2.4. and those specified in ISO 26845, as necessary.

© 1SO 2008 — All rights reserved 1
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3.1.2.2 Diluted silicon(IV) oxide standard solution, SiO, 0,08 mg/ml.

Transfer 20 ml of the silicon(lV) oxide standard solution (SiO, 1 mg/ml) into a 250 ml volumetric flask, and
dilute to the mark with water.

3.1.2.3 Matrix solution 1 or 1°.

Carry out the procedure given in 9.2.2.3 or 9.2.3.3 of ISO 21079-1:2008 without the sample, but omit heating
the fusion mixture or anhydrous sodium carbonate. Designate the solution equivalent to stock solution (S1) or
(S’1) as matrix solution 1 or 1’ as applicable.

3.1.2.4 Series 2 solution for calibration.

Transfer agpropriate aliquot portions of diluted silicon(IV) oxide standard solution (0,08 mg/ml) pregisely|into
several 100 ml volumetric flasks, in accordance with the composition of the samples. Add 10 m| gach of matrix
solution 1 of 1’ and dilute to the mark with water.

Table 1 shpws a typical example of the preparation of solutions. An appropriate series of solutiong for

calibration s$hould be prepared, depending on the compositions of the samples and the types and capabiljties
of instrument used.

Table 1 — Example of series 2 solution for calibration

Matrix solution Diluted silicon(IV) oxide Concentration
S°L”;i°“ 1or? standard solution of solution
mi mi 8i0, mg/100 ml
1 10 Q 0
2 10 5 0,4
3 10 10 0,8
4 10 15 1,2
5 10 20 1,6
6 10 25 2,0

313 Procedure

Determine the silicon(IV)y0xide remaining in solution (S1) or (S’1) (see Annex A of ISO 21079-1:2008) as
follows.

Transfer 1 ml of stock solution (S1) or (S’1) to a 100 ml volumetric flask, and dilute to the mark with water.
Designate this/solution for the determination of dissolved silicon(lV) oxide as diluted stock solution (S1q) or
(S’1d).

Spray a portion of diluted stock solution (S1d or S’1d) into the argon plasma flame of the inductively coupled
plasma atomic emission (ICP-AE) spectrometer, and measure the emission intensity at an appropriate
wavelength, for example, 251,611 nm.

314 Blank test
Carry out the procedure in 3.1.3 with blank solution (B1) or (B’1) (see Annex A of ISO 21079-1:2008).

Designate the equivalent diluted blank solution to diluted stock solution (S1d) or (S'1d) as diluted blank
solution (B1d or B'1d).

2 © 1SO 2008 — All rights reserved
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3.1.5

ISO 21079

Plotting the calibration graph

-3:2008(E)

Using the series 2 solution for calibration, carry out the emission procedure described in 3.1.3. Plot the
relation between the emission intensity and mass of oxide, prepare the calibration graph by adjusting the

curve

so that it passes through the point of origin.

A new calibration should be carried out using the range of calibration and blank solutions for each set of

dete

3.1.6

rminations.

Calculation

Cal
the

prep

whe

3.2
cal
sol

3.2,

The)
mag
soly
givg

amount of silicon(IV) oxide derived from the values obtained from 3.1.3 and 3.1.4 apd-.ths

re

Cium oxide, magnesium oxide, chromium(lll) oxide and hafnium oxide using stoq
utions (S1), (S’1) or (S”’1):by ICP-AES

(

tions (S1), (S) or (S”1). The ICP-AES method is applicable to the components in (S1), (S'1)
n in Table2!

ulate the mass fraction of silicon(IV) oxide, w(SiO,), expressed as a percentage, using Equa

ared as described in 3.1.5.

500
10

(I’}’I1 —m2)+(ms —mb)x
w(SiO,) = x100

m

is the mass of the test portion obtained in accordance with9.2:2.2 or 9.2.3.2 of ISO 2107
grams;

mq
my

m. is the mass of silicon(IV) oxide in diluted. stock solution (S1d or S’1d) as described in 3.1.3

S

my, is the mass of silicon(IV) oxide in diluted blank solution (B1d or B'1d) as described in 3.1.4

Determination of silicon(IV)oxide, aluminium oxide, iron(lll) oxide, titanium(lV

Principle

emission intensity-of silicon(lV) oxide, aluminium oxide, iron(lll) oxide, titanium(IV) oxide, ca
nesium oxide, €hromium(lll) oxide and hafnium oxide are measured by the ICP-AE spectrome

is the mass obtained in accordance with 9.2.2.3 or,9:2.3.3 of ISO 21079-1:2008, in grams;;

is the mass obtained in accordance with 9.2.2:4°0r 9.2.3.4 of ISO 21079-1:2008, in grams;;

tion (1) with
calibration

b-1:2008, in

, in grams;

L, in grams.
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k
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ter for stock
or (S”1) as
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Table 2 — Application range

Range
Component
% by mass

SiO, 0,110 10

Al,O4 1to0 10

Fe,0, 0,01to 2

TiO, 0,01to 5

CaO 0,01to 2

MgO 0,01to 2

Cr,0,4 0,01to 3

HfO, 0,01to 2
NOTE 1  When solutions (S1) or (S'1) are used, the SiO, is residual silica. When solution
(8”1) is used, the SiO, is all of the silicon(IV) oxide.
NOTE 2 This method cannot be applied to silicon(lV) oxide and aluminium oxide contents’ of
more than 10 % by mass.

3.2.2 Reagents

3.2.21 General

Prepare thq reagents given in 3.2.2.2 to 3.2.2.7 and those specified in ISO 26845, as necessary.

3.2.2.2 S§candium standard solution, Sc 1,0 mg/ml.
Dry about (,2 g of scandium oxide at 110 °C £ 5 °C.fop 60 min, cool in a desiccator. Weigh 0,153 4 g of fhis,
transfer to @ 100 ml beaker, gradually add 10 ml ofthydrochloric acid (1+1) to dissolve, and dilute precisely to
11in a volumetric flask with water.

A suitable dommercial standard solution may be used.
3.2.2.3  Yttrium standard solution,)Y 1,0 mg/ml.

Dry about 0,2 g of yttrium oxideat 110 °C £ 5 °C for 60 min, cool in a desiccator. Weigh 0,127 0 g of fhis,
transfer to p 100 ml beaker. Dissolve by gradually adding 10 ml of hydrochloric acid (1+1) to dissolve, [and

dilute precigely to 1 | in a/voldmetric flask with water.

A suitable gommercial standard solution may be used.

3.224 Internal standard solution.

Transfer 10 ml of yttrium or scandium standard solution into a volumetric 100 ml flask, and dilute to the mark
with water. Prepare this solution immediately prior to use.

3.22.5 Mixed standard solution 2, SiO, 0,1mg/ml, Al,O3 0,10 mg/ml, Fe,O3 0,02 mg/ml,
Ca0 0,02 mg/ml, MgO 0,2 mg/ml, HfO, 0,02 mg/ml, Cr,05 0,03 mg/ml and TiO, 0,05 mg/ml.

Transfer 50 ml each of the silicon(IV) oxide and the aluminium oxide, 10 ml each of the iron(lll) oxide, the

calcium oxide, the magnesium oxide and the hafnium oxide, 15 ml of the chromium(lll) oxide, and 25 ml of the
titanium(lV) oxide standard solutions into a 500 ml volumetric flask, and dilute to the mark with water.

4 © 1SO 2008 — All rights reserved
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3.2.2.6 Matrix solution 1,1’ or 1”’.
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Carry out the procedure given in 9.2.2.3, 9.2.3.3 or 9.2.4.3 of ISO 21079-1:2008 without the sample, but omit
heating the fusion mixture or anhydrous sodium carbonate. Designate the solution equivalent to stock solution
(S1), (S’1) or (S”1) as matrix solution 1, 1" or 1” as applicable.

3.2.2.7 Series 3 solutions for calibration.

Transfer appropriate aliquot portions of mixed standard solution 2 into each of several 100 ml volumetric
flasks. Add 20 ml of matrix solution 1, matrix solution 1’ or matrix solution 1” and 5 ml of internal standard

solt

tion respectively and dilute to the mark with water

An

bxample of the preparation of solutions is shown in Table 3. Prepare an appropriate selutio

n series for

calibration, in accordance with the composition of the sample, and the type and capabilities of the instrument
usefl.
Table 3 — Example of series 3 solution for calibration
Matrix Internal Mixed Concentration-of solution
Sdlution | sojytion | Standard | standard mg/100 ml
No. solution | solution 2
ml ml ml Si0, | ALO, | Fe,0,<} TiO, | CaO | MgO | Cr,d, | HfO,
1 20 5 0 0,00 0,00 0700 0,00 0,00 0,00 0,0p 0,00
2 20 5 2 0,20 0,20 0,04 0,10 0,04 0,04 0,0p 0,04
3 20 5 5 0,50 0,50 0,10 0,25 0,10 0,10 0,1p 0,10
4 20 5 10 1,00 1,00 0,20 0,50 0,20 0,20 0,3p 0,20
5 20 5 15 1,50 1,50 0,30 0,75 0,30 0,30 0,4p 0,30
6 20 5 20 2,00 2,00 0,40 1,00 0,40 0,40 0,6p 0,40
3.28 Procedure
Transfer a 20 ml aliquot portionof stock solution (S1), (S’1) or (S”1) (see Annex A of ISO 21079-1:2008), into
a 100 ml volumetric flask./Add 5 ml of internal standard solution, and dilute to the mark with water. Designate
this|solution as stock solution (S1dScY), (S’1dScY) or (S’1dScY).
Spray a portion of stock solution (S1dScY), (S’1dScY) or (S”1dScY) into the argon plasma flame of an ICP-AE
spegtrometer, and measure the emission intensity of each element and internal standard element at the

app

Exa

ropriate wavelength.

mplesof appropriate wavelengths are given in Table 4.
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Table 4 — Examples of wavelength

3.24

Transfer a
carry out th
(B”1) as bl3

3.2.5

v

Use series
the emissio
Prepare thsg

3.2.6
Calculate t

W(Cr203) a
derived fron

is

Bllank test

Cialculation

Component Element Wavelength
nm

S0, si 251,611
Alz04 Al 396,152
Fex04 Fe 259,940
TiO, Ti 334,941
Ca0 Ca 393.366
MgO Mg 279,553
Cry0s Cr 267,716
HfO, Hf 277,336
Internal standard Y 371,030
element Sc 361,383

0 ml aliquot portion of blank solution (B1), (B’1) or (B”1) (s€¢ Annex A of ISO 21079-1:2008)
e procedure given in 3.2.3. Designate the solution corresponding to stock solution (B1), (B'1
nk solution (B1dScY), (B’1dScY) or (B”1dScY).

otting the calibration graph

B solutions for calibration. Carry out the procedure described in 3.2.3 and plot the relation betw
h intensity and mass of each component (8§iO,, Al,O5, Fe;,04, TiO,, CaO, MgO, Cr,O5 and Hf
calibration graph for each component:

ne mass fraction of each €omponent w(SiO,), w(Al,O3), w(Fe,03), w(TiO,), w(CaO), w(M
nd w(HfO,), indicated as w(M, O, ), as a percentage, using Equation (2), with iron(lll) oxide th
h the emission intensity in°3.2.3 and 3.2.4, and the calibration in 3.2.5.

) =220 <390 100

m

)

n~m’

theé “mass of each component, indicated as M in stock solution (S1dScY), (S'1dScY]

and
) or

een
0,).

yo),
At is

(@)

) or

(S

'1dScY), in grams;

(B”1dScY), in grams;

grams.

is the mass of each component, indicated as M, O,,, in blank solution (B1dScY), (B'1dScY) or

is the mass of the test portion, in accordance with 9.3.2.2, 9.3.3.2 or 9.3.4.2 of ISO 21079-1:2008, in
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3.3 Determination of calcium oxide, magnesium oxide, sodium oxide and potassium oxide
using stock solutions (S4) by ICP-AES

3.31 Principle

The emission intensity of calcium, magnesium, sodium and potassium in stock solution (S4) is measured by

the ICP-AE spectrometer.

3.3.2 Reagents

3.3..1 General

Prepare the reagents given in 3.3.2.2 and 3.3.2.3 and those specified in ISO 26845, as necessary.

3.3..2 Mixed standard solution 3, CaO 0,10 mg/ml, MgO 0,10 mg/ml, Nay0’/0,10 mg/m|, and K,O
0,10 mg/ml.
Tranpsfer 50 ml each of the calcium oxide, the magnesium, the sodium (oxide and the potagsium oxide
starldard solutions into a 500 ml volumetric flask, and dilute to the mark with-water.
3.3.2.3 Series 4 solution for calibration.
Tramsfer aliquot portions of mixed standard solution 3 to each‘ef several 100 ml volumetric flasks. To each,
add|5 ml of hydrochloric acid (1+1), and dilute to the mark withtwater.
Typ|cal examples of preparation are shown in Table 5.
Table 5 — Example of'series 4 solution for calibration
. Hydrochloric acid Mixed standard Concentration of solution
SDLUW" (1+1) solution 3 mg/100 ml
o.
mi mi CaO MgO Na,O K,0

1 5 0 0,0 0,0 0,0 0,0

2 5 2 0,2 0,2 0,2 0,2

3 5 5 0,5 0,5 0,5 0,5

4 5 10 1,0 1,0 1,0 1,0

5 5 20 2,0 2,0 2,0 2,0

6 5 40 4,0 4,0 4,0 4,0

7 5 60 6,0 6,0 6,0 6,0

3.33 Procedure

Spray a portion of stock solution (S4) (see Annex A of ISO 21079-1:2008) into the argon plasma flame of an
ICP-AE spectrometer, and measure the emission intensity of each element at the appropriate wavelength.

NOTE Examples of appropriate wavelengths are given in Table 6.

© 1SO 2008 — All rights reserved
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Table 6 — Example of wavelength

Component Element WaV‘;'r‘;ngth
cao Ca 393,366
MgO Mg 279,553
Na,0 Na 588,995
K;0 K 766,491

3.34
Carry out th
3.3.5 P

Carry out th
the emissid

graph for each component.

3.3.6

Calculate th
expressed
intensity ob

4

Bllank test

Cialculation

Instry

e procedure described in 3.3.3 using blank solution (B4) (see Annex A of ISO 21079-132008).

otting the calibration graph

e procedure described in 3.3.3 using Sseries 4 solutions for calibration.(Plot the relation betw
n intensity and mass of each component (CaO, MgO, Na,O and K;0). Prepare the calibrg

e mass fraction of each component w(CaO), w(MgO), w(Na,0) and w(K,0), indicated as w(M,,
s a percentage, using Equation (3). Use the mass ©of calcium oxide derived from the emis
ained in 3.3.3 and 3.3.4, and the calibration prepared‘in 3.3.5.

mg — My,
w) =SB 100

he mass of each component, indicated as M, O, , in stock solution (S4), in grams;
he mass of each component/indicated as M, O, , in blank solution (B4), in grams;

he mass of the test portion prepared in accordance with 9.3.4.2 of ISO 21079-1:2008, in gramj

mental methods using Flame Atomic Absorption Spectrometry (FAAS)

41

411 P

Dete
using sto{

mination of calcium oxide, magnesium oxide, sodium oxide and potassium oxigq
k-solutions (S3) by FAAS

een
tion

D, ),
sion

@)

D.

le

rinciple

The determination is carried out on the sample decomposed by removing the silicon(IV) oxide with
hydrofluoric acid. A portion of the solution is sprayed into the flame of an atomic absorption spectrometer, and
the absorbance of calcium, magnesium, sodium and potassium is measured.

41.2

41.21

Reagents

General

Prepare the reagents given in 4.1.2.2 and 4.1.2.3 and those specified in ISO 26845, as necessary.
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4.1.2.2 Mixed standard solution 3, CaO 0,10 mg/ml, MgO 0,10 mg/ml, Na,O 0,10 mg/ml, and K,O

0,10 mg/ml.

Prepare as described in 3.3.2.2.

41.2.3 Series 5 solution for calibration.

Transfer aliquot portions of mixed standard solution 3 to several 100 ml volumetric flasks. To each, add 5 ml
of hydrochloric acid (1+1), 10 ml of lanthanum solution, and an appropriate amount of standard solution 1 of
aluminium oxide, and dilute to the mark with water.

Typ|cal examples of solutions for calibration are shown in Table 7.

Table 7 — Example of series 5 solution for calibration

. . Lanthanum | Mixed standard Conceéntration of sqlution
So:::on Hydrochloric acid (1+1) solution solution 3 mg/100 ml
ml mi mi CaO MgO Na,( K,0
1 5 10 0 0,0 0,0 0,0 0,0
2 5 10 2 0,2 0,2 0,2 0,2
3 5 10 4 0,4 0,4 0,4 0,4
4 5 10 6 0,6 0,6 0,6 0,6
5 5 10 8 0,8 0,8 0,8 0,8
6 5 10 10 1,0 1,0 1,0 1,0
7 5 10 20 20 2,0 2,0 20
8 5 10 30 3,0 3,0 3,0 3,0
9 5 10 40 4,0 4,0 4,0 4,0
10 5 10 50 5,0 5,0 5,0 5,0
11 5 10 60 6,0 6,0 6,0 6,0
418 Procedure
Spray a portion of stock solution (S3) (see Annex A 1ISO 21079-1:2008) into the flame of an atomig¢ absorption

(AA) spectrometer;'and measure the absorption of each element at the appropriate wavelength.

Examples of wavelengths are given in Table 8.

Table 8 — Examples of wavelength

Component Element Wavelength
nm
CaO Ca 422,7
MgO Mg 285,2
Na,0 Na 589,6
K50 K 766,5

© 1SO 2008 — All rights reserved
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NOTE There can be samples where the mass fractions of the oxides found are greater than those given in the scope

of ISO 21079-1:2008. In the absence of another suitable standard procedure, it will be necessary to transfer an

X
ml of

appropriate volume (x ml) of stock solution (S3) into a 100 ml volumetric flask. Then add 5,0-5,0x 1
hydrochloric acid (1+1) and 10,0—10,0x(130

this solution.

ml of lanthanum solution. Dilute to the mark with water, and measure with

41.4 Blank test

Carry out the procedure described in 4.1.3 using blank solution (B3) (see Annex A of ISO 21079-1:2008)

NOTE There can be samples where the mass fractions of the oxides found are greater than those given in-the s¢ope
of ISO 21079-1:2008. In the absence of another suitable standard procedure, the blank solution (B3) is prepared-using the
same procedure as that for the stock solution in the note to 4.1.3.

415

)

otting the calibration graph
Carry out the procedure described in 4.1.3 using series 5 solution for calibration, asdescribed in 4.1.2.3. |Plot

the relation|between the absorbance and mass of each component (CaO, MgO, Na;,O and K,0). Preparg the
calibration graph for each component.

4.1.6 Cialculation
Calculate the mass fraction of each component w(CaO), w(MgO), w(Na»O) and w(K,0), indicated as w(M,D,, ),

expressed @s a percentage, using Equation (4). Use the mass of calcium oxide derived from the absorbgnce
obtained ag described in 4.1.3 and 4.1.4, and the calibration prepared as described in 4.1.5.

m):wxgx'loo (4)

m

mg is {he mass of each component, indicated as M, 0,,, in the aliquot portion of stock solution (S3) or the
dilpted stock solution, in grams;

my, is fhe mass of each component, indicated as M, O, , in the aliquot portion of blank solution (B3) off the
diluted blank solution, in@rams;

V' is the volume of the'aliquot portion taken from stock solution (S3), in millilitres;
NOTE If the whale-solution is used, i.e. no aliquot portion, use '=100.

m is the mass of the test portion obtained in accordance with 9.3.3.2 of ISO 21079-1:2008, in gramg.

4.2 Determination of chromium(lll) oxide by FAAS spectrometry

4.21 Principle

The absorbance of chromium(lll) oxide is measured in an aliquot portion of stock solution (S1) or (S'1) by an
atomic absorption spectrometer.

422 Reagents

4.2.21 General

Prepare the reagents given in 4.2.2.2 to 4.2.2.5 and those specified in ISO 26845, as necessary.
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