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INTERNATIONAL STANDARD

1SO 3360-1976 (E)

Phosphoric acid and sodium phosphates for industrial use
(including foodstuffs) — Determination of fluorine content —
Alizarin complexone and lanthanum nitrate photometric

method

1 SCOPE|AND FIELD OF APPLICATION

This Intg¢rnational Standard specifies an alizarin
complexorle and lanthanum nitrate photometric method
for the determination of the fluorine content of phosphoric
acid and dodium phosphates for industrial use (including
foodstuffs).

The methdd is applicable to products of which the fluorine
content, dxpressed as F, is equal to or greater than
0,5 mg/kag.

2 PRINCIPLE

Separation| of fluorine from a test portion by steam
distillation| in a phosphoric acid medium. Formation of a
blue-coloufed compiex between the fluorine and the
combined |reagent alizarin complexone/lanthanum nitrate,
at a controlled pH. Addition of acetone to increase the
stability of the complex and the sensitivity of the method.
Photometrfc measurement of the complex at a wavelength
of about 600 nm.

3 REAGENTS

During tHe analysis, use~~only reagents of recognized
analytical grade having as’low’a fluorine content as possible,
and only |distilled water or water of equivalent purity.
1,70 g/ml, about

3.1 Phosphoricc.acid, approximately

85 % (m/m) solution.

approximately 300 m! of water and @djust|the pH to 4,6
with 0,56 N sodium hydroxide solution, using a pH meter.
Dilute to 500 mi with water.

3.6.2 Alizarin complexone, 0,88 g/l solution.

Suspend 0,44 g of alizafih complexone in 200 ml of water
and add 0,5 N sodium hydroxide solufion, in small
portions, until the solid has just dissolved. Add 50 ml of the
buffer solutiof™(8.6.1). Check the pH of thg solution using
a pH meter@nd adjust, if necessary, to between 4,5 and 4,8.

Dilute t0°500 ml and store between 0 and 5(Q

NOTE,— This solution has a slightly higher equil
lanthanum nitrate solution (3.6.3) in order to
trivalent fanthanum ions are fully complexed in the

3.6.3 Lanthanum nitrate, 0,86 g/! solution.

Dissolve 0,43 g of lanthanum(lll) nitrat
[(La{NO3)3.6H,0}] in 500 ml| of water.

3.6.4 Mix equal volumes of the alizari
solution (3.6.2) and the lanthanum nitrate
when required for use.

3.7 Fluorine, standard solution, correspon
of F per litre.

Weigh, to the nearest 0,000 1g, 0,221
fluoride, previously dried for 2 h at 105 °C
desiccator. Place in a 250 ml beaker co
100 ml of water. After dissolution, transf
quantitatively to a 1000 ml one-mark vg
dilute to the mark and mix.

3.2 Silica, powdered, dried in an oven at about 150 °C for
2 h.

3.3 Acetone.
3.4 Nitric acid, approximately 0,02 N solution.

3.6 Sodium hydroxide, approximately 0,2 N solution.

3.6 Combined colour reagent.

3.6.1 Buffer solution, pH 4,6.

Dissolve 5,9g of succinic (butanedioic) acid in

°C.

valency than the
ensure that the
test.

e hexahydrate

h complexone
olution (3.6.3)

fing to 0,100 g

g of sodium
nd cooled in a
htaining about
br the solution
lumetric flask,

ot this—standard—sotutiom contains 0

Store the solution in a plastic flask.

,100 mg of F.

3.8 Fluorine, standard solution, corresponding to 1,00 mg

of F per litre.

Place 10,0 ml of the standard fluorine solution (3.7} in a

1 000 one-mark volumetric flask, dilute to
mix,

the mark and

1 ml of this standard solution contains 1 ug of F.

Prepare this solution at the time of use.

3.9 Phenolphthalein, 1 g/l solution in 95 %

{(V/V) ethanol.
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4 APPARATUS

Ordinary laboratory apparatus and

4.1 Steam-distillation apparatus, made of glass, capable of
ensuring complete distillation and recovery of the fluorine.

An example of suitable apparatus is illustrated in the figure
and comprises

4.1.1 Steam generator, for example a wide-neck flask of
capacity approxin i i
into which are inperted three glass tubes [4.1.1 a), b) and
c)] of internal diaeter about 6 mm.

a} vertical re¢overy bend tube, for introducing the
steam into thp distillation flask (4.1.2.1) (one limb
dipping into the distillation flask};

b) tube for regulating the flow of the steam, fitted at
its outer end Wwith a rubber tube fitted with a screw

clip,

c) safety tube) about 1 m long.

4.1.2 Apparatus | of borosilicate glass, for
distillation, with ground glass joints, consisting of

steam

round bottomed |with central neck and side neck, fitted
with a thermometer pocket for introduction of a
thermometer (glycerine in the pocket ensures thermal
exchange).

4.1.2.1 DistillatiLn flask, of nominal capacity 250 mi,

4.1.2.2 Distillatipn column, Vigreux, column length
between the first|and last of the series of points 120 mm.

4.1.2.3 Condensgr, Graham, with an effective length of
about 400 mm.

413 ThermomeIer, including the rafnge O to 200 °C.

NOTE — The efficigncy of the apparatus)used shall be previously
checked by testing with known volumes of the standard fluorine
solution (3.7).

1t is necessary, esped
mined, in order to ¢

ially when\low levels of fluorine are to be deter-
ondition _a new apparatus, or a new component

of apparatus, to cafry out ‘about twelve distillations with fluoride
samples so as to bring the glass surfaces into a state of equilibrium
with fluorine. For wmw illati ried_out.

5 PROCEDURE

5.1 Test portion

Weigh, to the nearest 1%, a mass of the test sample
containing not more than 1 mg of F.

In the case of phosphoric acid, the mass of the test portion
shall not exceed 50 g.

NOTE — If the concentration of fluorine (F) in the product is
greater than 1 g/kg, prepare, from a suitable test portion, an

i iluti i i ifing not
more than 1 mg of F.

5.2 Blank test

Carry out a blank test at the .same time |as the
determination, under the same eenditions, using the same
quantities of all the reagents used-for the determinafion and
taking the same aliquot portion for colour develgpment.

5.3 Fluorine distillation

Place 40 ml of water and 10 m! of the sodium hyfroxide
solution {3.6)N\in a 500 m! one-mark volumetric flpsk, for
collecting the'distillate.

Place_sthe test portion (5.1) in the distillation flask
(4:12.1). Add about 0,75 g of the silica (3.2) anJi either
30'm! of the phosphoric acid solution {3.1) in the dase of a
phosphate or, if the product to be analysed is phgsphoric
acid, a volume of the phosphoric acid (3.1) such that the
total quantity of phosphoric acid present is equal to{45 g of
orthophosphoric acid {HzPQg4).

Using about 5 ml of water, rinse down the innner alls of
the distillation flask (4.1.2.1). Place a few millimtres of
glycerine in the thermometer pocket, put the thernpometer
(4.1.3) in place, assemble the apparatus (4.1) and qtart the
water circulation in the condenser (4.1.2.3). Heat the
distillation flask {4.1.2.1) and, if the apparatus des¢ribed is
used, the steam generation flask (4.1.1).

Do not pass steam into the distillation flask (4.1.2]1) until
the temperature of the solution in the flask reaches 138 to
139 °C, at which point start the distillation. Mainfain the
temperature of the solution during distillation at
139 + 3 °C.

with a mixture of 30 ml of the phosphoric acid (3.1), 0,75 g of the
silica (3.2) and 1 g of a natural fluorapatite (Moroccan phosphates).

Before using an apparatus so treated for a determination, ensure, by
means of two blank distillations in succession, that the assembly is
in good condition. The quantity of fluorine found shall not be
greater than that from a normal blank test, using an apparatus
known to be in good condition.

4.2 Spectrophotometer, or

4.3 Photoelectric absorptiometer, fitted with filters
allowing a maximum transmission at about 600 nm.

2

Distil about 400 mi, collecting the distillate in the
volumetric flask, dilute to the mark and mix.

NOTE — It has been shown that the presence of aluminium, which
can complex the fluorine, does not interfere if the test portion
contains up to 0,5 g of Al,

5.4 Preparation of the calibration graph

5.4.1 Preparation of the standard colorimetric solutions,
for photometric measurements carried out using cells of
optical path length 4 or 5 cm.


https://standardsiso.com/api/?name=bab64d64e3f25c9320ba1296f56b441b

Into a series of five 50 ml one-mark volumetric flasks, place
the volumes of the standard fluorine solution (3.8)
indicated in the following table :

I1SO 3360-1976 (E)

of water necessary to bring the volume to 20 ml and then
0,1 m! of the phenolphthalein solution (3.9). Adjust the
colour of the solution to colourless by addition of the nitric
acid solution (3.4). Add 5 ml of the buffer solution (3.6.1),

* Compenstion solution.

Add to ea¢h flask the quantity of water necessary to bring
the volume to 20mi and then 0,1ml of the
phenolphtmalein solution (3.9). Adjust the colour of the
solution tp pink by addition of the sodium hydroxide
solution ($.5) and then to colourless by addition of the
nitric acid|solution (3.4). Add 5 ml of the buffer solution
(3.6.1), 10 mi of the combined colour reagent (3.6) and
10 ml of the acetone (3.3), dilute to the mark and mix.

5.4.2 Phdtometric measurements

After allowing the solutions (5.4.1) to stand for 20 min;
carry ouf the photometric measurements with sthe
spectrophgtometer (4.2), at a wavelength of about 600-nm,
or with tHe photoelectric absorptiometer (4.3) fitted with
appropriatg filters, after having adjusted the apparatus to
zero absorbance against the compensation solution,

5.4.3 Plotting the calibration graph

Plot a graph having, for example;the masses, expressed in
microgra of F contained~in 50 ml of the standard
colorime:;[}: solutions, as.abscissae and the corresponding

values of apsorbance as.ordinate.

5.5 Determination

5.5.1 Colburdevelopment

Standard fluorine solution Corresponding mass 10 ml of the comb.med colour reagent (3.§) and 10 ml of

(3.8) of fluorine the acetone (3.3}, dilute to the mark and mix.

ml ug 5.5.2 Photometric measurement

o* o) Carry out the photometric measurement on the test
solution by the procedure specified in 5.4.2, after having

5’0 5'0 H <l | H Lo Lo H
aetsted—the—tastroment—to—zerc—absorbance against the

10,0 10,0 compensation solution.

15,0 15,0

200 200 6 EXPRESSION OF RESULTS

By means of the calibration, graph (5.4.3),| determine the
masses of fluorine (F) cerresponding to the values of the
photometric measurements’on the test solulﬁon (5.5.2) and
on the blank test solution (5.2).

The fluorine (F) “content, expressed as |milligrams per
kilogram, is givVen by the formula

mq—mjp 500

mg 4
whiere
mg is the mass, in grams, of the test| portion (5.1);

m, is the mass, in micrograms, of fluoripe (F) found in
the aliquot portion of the test solutior] taken for the
colour development;

my is the mass, in micrograms, of fluoripe (F) found in
the aliquot portion of the blank test solution taken for
the colour development.

V is the volume, in millilitres, of the aliuot portion of
the test and blank solutions taken flor the colour
development.

7 TEST REPORT
The test report shall include the followipg particulars :

a) the reference of the method used;

b) the results and the method of expression used;

Place a volume of the solution obtained by the procedure
specified in 5.3, containing not more than 20 ug of F and
having a volume not greater than 20ml, in a 50 ml
one-mark volumetric flask. Add, if necessary, the quantity

c) any unusual features noted during the deter-
mination;

d) any operation not included in this International
Standard, or regarded as optional.
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FIGURE — Distillation apparatus (4.1)
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