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INTERNATIONAL STANDARD

1SO 3391-1976 (E)

Cryolite, natural and artificial — Determination of calcium
content — Flame atomic absorption method

1 SCOPH AND FIELD OF APPLICATION

This Int¢rnational Standard specifies a flame atomic
absorptiop method for the determination of the calcium
content of natural and artificial cryolite.

2 REFERENCE

ISO 1619| Cryolite natural and artificial — Preparation
and storage of test samples.

3 PRINGQIPLE

Dissolution of a test portion in concentrated sulphuric
acid and [treatment with concentrated hydrochloric acid.

Aspiration of the solution into an acetylene dinitrogen
monoxide flame.

Determingtion of calcium content by spectrophotometric
measuremient of the absorption of the 422,7 nm line
emitted by a calcium hollow cathode lamp.

4 REAGENTS

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

4.3.2 Triethanolamine, dilute solution.

Dilute 100 ml of triethanolamine [(CH,PHCH5)3N] to
200 ml with water.

4.4 Sodium chloride ‘solution, correspondjng to 16,0 g of
Na per litre.

Weigh, to the.nearest 0,001 g, 4,067 g of spdium chloride,
previously ‘dried for 12 h at approximatgly 120 °C and
cooled. in* a desiccator, into a 100 ml one-mark volumetric
flask, Dissolve in water, dilute to the mark gnd mix.

4.5 Aluminium, acid solution corresponding to 6,6 g of
Al per litre.

Weigh, to the nearest 0,001g, 0,66 g|of extra pure
aluminium in the form of small shavings,|and dissolve in
50,0 ml of hydrochloric acid solution,| diluted 1+ 1
(V + V), in a porcelain dish. Transfer the solution quanti-
tatively to a 100 ml one-mark volumetric flask, cool, dilute
to the mark and mix.

4.6 Calcium, standard solution, correspohding to 1,00 g
of Ca per litre.

4.1 Sulp

uric acid;~g approximately 1,84 g/ml, about

96 % (m/m) solution.

4.2 Hydiochloric acid, p approximately 1,19 g/ml, about
38 % (m/m}-setution-

Weigh, to the nearest 0,000 1g, 2,497
carbonate, previously dried for 2h at

2 g of calcium
approximately

110 °C and cooled in a desiccator. Trangfer to a 250 mi

beaker and dissolve with care in 12 ml of

he hydrochloric
12 ml of water.

acid solution (4.2), previously diluted with

4.3 Complexant.

Either :

4.3.1 Lanthanum nitrate, 310 g/l solution.

Weigh, to the nearest 0,1g, 31,0 g of lanthanum nitrate
hexahydrate (La(NO3),.6H,0) and place a 100 ml one-
mark volumetric flask. Dissolve in water dilute to the mark
and mix.

NOTE — It is possible to use lanthanum chloride heptahydrate
(LaCl3.7H,0), 270 g/i solution.

Or:

Transfer the solution quantitatively to a 1 000 ml one-mark
volumetric flask, cool, dilute to the mark and mix. Transfer
to a flask of material free from calcium.

1 ml of this standard solution contains 1,00 mg of Ca.

4.7 Calcium, standard solution, corresponding to 0,10 g
of Ca per litre.

Place 100,0 ml of the standard calcium solution (4.6) in a
1 000 ml one-mark volumetric flask, dilute to the mark
and mix. Transfer to a flask of material free from calcium.

1 ml of this standard solution contains 0,170 mg of Ca.
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5 APPARATUS
Ordinary laboratory apparatus and :

5.1 Platinum dishes,
about 30 mm.

diameter about 75 mm, height

5.2 Atomic absorption spectrophotometer, fitted with a
burner fed from cylinders of dinitrogen monoxide and
acetylene (a 50/60 mm burner is suitable).

Introduce into each dish 1,0 ml of the hydrochloric acid
solution (4.2) and 30 ml of water. Transfer the contents
quantitatively to 100 ml one-mark volumetric flasks, add

either 10 m! of the lanthanum nitrate or chloride solution

(4.3.1) or 20 ml of the triethanolamine solution (4.3.2)
and, after cooling, dilute to the mark and mix.

Ctara thaoecn o
owWGre wiese sO

calcium,

6.3.2 Spectrophotometric measurements

5.3 Calcium hollow cathode lamp.

6 PROCEDURE

6.1 Test portion

Weigh, to the ndarest 0,000 1 g, 0,500 g of the dried test
sample, prepared by the procedure specified in 3.3 of
1ISO 1619.

6.2 Blank test

Carry out a blapk test at the same time as the determi-
nation, followind the same procedure and using the same
quantities of all |the reagents used for the determination.
Before introducing the sulphuric acid, add 10,0 m! of the
aluminium solufion (4.5) and 10,0 ml of the sodium
chloride solution|(4.4).

6.3 Preparation of calibration graph

6.3.1 Preparation of the standard matching solutions

Into a series of §ix of the platinum dishes (5.1)s.place the
quantities of the|standard calcium solution (4(7)) indicated
in the following table.

Mount the calcium hollow cathode lamp (5.3)-SWwitch on
the apparatus (5.2) a sufficient time in advance’[for it to
reach stabilization. Adjust the wavelength-to 422,7 nm
and the sensitivity and the aperture of. the slit dccording
to the characteristics of the apparatus. Adjust| the gas
pressures according to the characteristics of the Burner so

idioi ~n +ral +h ot ~F
as to obtain an oxidizing flame” Control the| rate of

aspiration (for example, to 2 0-3“mi/min).

Aspirate the standard matching solutions (6.3.1)) in the
flame and measure the absorbance of each.

Take care to maintdinythe quantity of solution asgirated in
the flame constamt with respect to time during all the
measurements.

Spray water through the burner after each measurement.

6.3.3«\Plotting of the calibration graph

Plot a graph having, for example, the masses, gxpressed
as milligrams of Ca in 100 ml of the standard fnatching
solutions as abscissae and the corresponding vjalues of
absorbance, decreased by the value for the reageht blank
for the calibration graph, as ordinates.

6.4 Determination

6.4.1 Preparation of the test solution

Place the test portion (6.1) in one of the platinum dishes
(5.1) and add 5,0 ml of the sulphuric acid solutijon (4.1)
(see note to 6.3.1). Warm with care on a sand| bath or
hot-plate until the hydrofluoric acid has evpporated
(15 to 20 min). Allow the temperature to rise (intil the
free sulphuric acid has evaporated.

Introduce into the dish 3,0 ml of the hydrochlpric acid
solution (4.2) and 30 ml of water and warm on h boiling

Standard calcium Corresponding Corresponding to
solution (4.7) mass of Ca Cao0 in cryolite
ml mg %

o* Q 0

1,0 0,10 0,028
2,0 0,20 0,056
3,0 n,'zn nan/I
4,0 0,40 0,112
5,0 0,50 0,140

* Reagent blank for the calibration graph.

Add to each dish 10,0 ml of the acid aluminium solution
(4.5), 10,0 ml of the sodium chloride solution (4.4) and
5,0 ml of the sulphuric acid solution (4.1). Warm with care
on a sand bath or hot-plate to evaporate the free sulphuric
acid.

NOTE — The 5,0 ml of the sulphuric acid solution (4.1) can be

replaced by 10,0 ml of perchloric acid solution (p approximately
1,70 g/ml). In this case the spectrophotometric measurements are

carried out using an air-acetylene flame (clear, non-luminous,

oxidizing flame).

2

water bath until completely dissolved.

Transfer the solution quantitatively to a 100 ml one-mark
volumetric flask and add either 10 ml of the lanthanum
nitrate or chloride solution (4.3.1) or 20 ml of the
triethanolamine solution (4.3.2). After cooling, dilute to
the mark and mix.

Store the solution in a flask of material free from calcium.
6.4.2 Spectrophotometric measurements

6.4.2.1 PRELIMINARY MEASUREMENT

Carry out a preliminary measurement on the test solution
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(6.4.1) and on the blank solution (6.2) at the same time
as the spectrophotometric measurements on the standard
matching solutions (6.3.1) following the procedure
specified in 6.3.2.

6.4.2.2 BRACKETING MEASUREMENT

Carry out a second measurement on the test solution
(6.4.1) by bracketing between two standard matching
solutions differing by only 0,10 mg, of Ca in 100 ml,
one at a concentration above, and one at a concentration
below, that of the test salution

I1SO 3391-1976 (E)

A; is the corresponding value of the spectropho-
tometric measurement;

C, is the concentration, in milligrams per 100 ml of
the stronger bracketing solution used for the test
solution;

A, is the corresponding value of the spectrophoto-
metric measurement;

Az is the spectrophotometric measurement cor-
responding to the calibration blank.

For the preparation of these standard matching solutions,
follow the procedure specified in 6.3.1 using suitable
quantities of the standard calcium solution (4.7).

Carry ouft at the same time, without bracketing, a second
measurerpent of the blank test solution (6.2).

7 EXPRESSION OF RESULTS

The condentration of calcium (Ca), expressed as milligrams
per 100 ml of solution used for the spectrophotometric
measurement, is given by the formula

1 _ (AA_AO)_ (Aq —A3)
CFCy+(Cy C-,)><|: A, A7) ]

where

Ag i the value of the spectrophotometric measurement
on thqg blank test solution;

C, is|the concentration, in milligrams per 180 ml of the
weaker bracketing solution used for the test solution;

Az —is—the—spectroptotometric—mgasurement  cor-

responding to the test solution.

The calcium content, expressed as-a pericentage by mass
of Ca0, is given by the formula

C x 1,399 x 1000 C
1 000 xm =01399 m

where
m is the mass, in grams of the te§t portion (6.1);

1,399 is_thé conversion factor from Calto CaO.

8 TEST REPORT

The test report shall include the following particulars :
a) the reference of the method used;
b) the results and the method of exprefsion used;

c) any unusual features noted duripg the determi-
nation;

d) any operation not included in this International
Standard or in the International Stapdard to which
reference is made, or regarded as optionhl.
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ANNEX

1SO PUBLICATIONS RELATING TO CRYOLITE, NATURAL AND ARTIFICIAL

1SO 1619 — Preparation and storage of test samples.
ISO 1620 — Determination of silica content — Reduced molybdosilicate spectrophotometric method.
1ISO 1693 — Determination of fluorine content — Modified Willard-Winter method.

1SO 1694 — Determimatiomofromrcorntert—1; 10-Premamttrotime photometricmettrod:

ISO 2366 — Detefmination of sodium content — Flame emission and atomic absorption spectrophotometric methody.
1ISO 2367 — Detefmination of aluminium content — 8-Hydroxyquinoline gravimetric method.
1SO 2830 — Detefmination of aluminium content — Atomic absorption method.

1SO 3391 — Detefmination of calcium content — Flame atomic absorption method.

1SO 3392 — Detefmination of water content — Electrometric method.

1SO 3393 — Detefmination of moisture content — Gravimetric method.

1SO 4280 — Determination of sulphates content — Barium sulphate gravimetric method,

ISO ... — Sampl{ng.
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