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INTERNATIONAL STANDARD

1SO 2298-1972 (E)

Aluminium and its alloys — Determination of chromium —
Spectrophotometric method using diphenylcarbazide

1 SCOPE AND FIELD OF APPLICATION

This International Standard specifies a spectrophotometric
method using diphenylcarbazide for the determination of
chromium |in aluminium and aluminium alloys. This
method is ppplicable to the determination of chromium
contents between 0.001 and 0.60 %.

The method is not applicable when the ratio
vanadium/chromium is greater than 2.5.

2 PRINCIPLE

2.1 Dissolyition of a test portion by a mixture of
hydrochlor{c, nitric and sulphuric acids, evaporation to
white H,S0, fumes, taking up with water and possible
filtration df the dehydrated silica and recovery of the
chromium of the residue after removal of silica.

2.2 Precipjtation of the copper by hydrogen sulphide and,
after filtration, elimination of the excessyof- hydrogen
sulphide by| boiling.

2.3 On a kuitable aliquot, oxidatien, of the chromium by
ammonium| persulphate in the presence of silver nitrate.
Destruction of the excess of~ammonium persulphate by
boiling and of the permanganate ions formed by sodium
nitrite.

2.4 Formgtion of.a'celoured complex between the Cr (V1)
and the diphenylcarbazide, in the presence of phosphoric
acid, and spectrophotometric determination of the complex
ata wavele[\gj;h of about 545 nm.

3.3 High purity aluminium, containing no chfomium.

The product shall be in the form of chips| obtained by
milling or drilling.

NOTE — Immediately before use; pickle the chips n a little nitric
acid (d = 1.40), (solution approximately 60 % n}/m). Wash the
pickled chips with water and.dry by washing with acg¢tone.

3.4 Acid mixture

Add cautiously \to 485 ml of water, whild stirring and
cooling, 115ml" of sulphuric acid (d= 184), 356N
approximately, 200 mi of hydrochioric acil (d = 1.18),
solution¥2 N approximately and 200 ml ¢f nitric acid
(d =.1/40), solution 15 N approximately.

3.5 Hydrofluoric acid (d = 1.05), approximately 40 %
(m/m) solution.

3.6 Acid wash solution

Add 1 ml of sulphuric acid (d= 1.84), 35/6 N approxi-
mately, to 1000mi of water and saturate cold with
hydrogen sulphide.

Prepare this solution immediately before use.

3.7 Phosphoric acid, free from reducing substances.

Add 500 m| of phosphoric acid (d = 1.71), 45 N approxi-
mately, to 500 ml of water. While the solution is still
hot, add 0.1 N potassium permanganate
drop by drop, until the pink colouration

3 REAGENTS

During the analysis use only double-distilled water or
water of equivalent purity.

3.1 Anhydrous potassium pyrosulphate (K,S,0,).

3.2 Iron (Il) sulphide, for the preparation of hydrogen
sulphide.

least 10 min. Then boil the solution until the pink colour
disappears.
3.8 Sulphuric aci ately 4.1 N

solution.

Add carefully 115 ml of sulphuric acid (d = 1.84), 35.6 N
approximately, to 800 ml of water, while stirring and
cooling. After cooling, make up the volume to 1 000 mi
and mix.

3.9 Sulphuric acid, (d = 1.482), approximately 17.8 N
solution.

Add 500 ml of sulphuric acid (d = 1.84), 35.6 N approxi-
mately, to 400 ml of water. After cooling, make up the
volume to 1 000 ml and mix.
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3.10 Potassium permanganate, approximately 0.1 N sol-
ution.

3.11 Potassium permanganate, approximately 0.02 N sol-
ution.

3.12 Silver nitrate, solution 0.17 g/I.

Dissolve 0.17 g of silver nitrate in water and make up the
volume to 1 000 ml.

This solution sh

3.13 Ammonium persulphate, solution 160 g/I.

Dissolve 16 g of|ammonium persulphate [(NH4),S;03] in
water and make (ip the volume to 100 ml.

Prepare this solution immediately before use.

3.14 Sodium nifrite, solution 3.50 g/i.

Dissolve 0.35g pf sodium nitrite (NaNO,) in water and
make up the volyme to 100 ml.

Prepare this solution immediately before use.

3.15 Diphenylcparbazide, solution in acetone, 5 g/l.

Dissolve 0.5 g ot diphenylcarbazide having a melting point
over 170 °C and|a coefficient of molar absorbance!! of the
order of 4.24 X|10* (about 545 nm) in acetone and make
up the volume td 100 ml.

The solution wil| not keep more than 3to 4 h.

3.16 Base solution, of 4.000 g of aluminium per litre:

Weigh, to the

nearest 0.001 g, 4.000g of  high purity

aluminium (3.3)| previously pickled, and place in a beaker
of suitable capacity (1 000 ml for example) and add, in

small portions,

180 ml of acid mixture (3.4). When the

reaction is completed, add 20 mi-of dilute sulphuric acid

(3.9) and heat

e solution untihwhite H,S0, fumes are

liberated. After| cooling, take’ up with water, heat to
complete the dissolution of the salts, filter if necessary and
transfer the lution<-quantitatively to a 1000 ml
volumetric flask.|Make 'up to volume and mix.

1 ml of this solution-contains 4 mg of aluminium.

dissolution of the salts, filter if necessary, and transfer
quantitatively to a 1 000 ml volumetric flask. Make up to
volume and mix.

1 ml of this solution contains 2 mg of aluminium.
3.18 Chromium standard solution, 0.200 g of chromium
per litre.

Weigh, to the nearest 0.1 mg, 0.5657 g of potassium
dichromate (K, Cr,0,), of high purity, previously dried at

° an i i issolve with a little water,
transfer to a 1 000 ml volumetric flask, make upyt¢ volume
and mix.

1 ml of this standard solution contains 0.2 mg of
chromium.
3.19 Chromium standard solutien,”0.010 g of chromium

per litre

Transfer 50.0 m! of standard chromium solution (3.18) to a
1 000 m! volumetric flask."make up to volume and mix.

1 ml of this standard solution contains 0.010 mg of
chromium.
3.20 Chromium standard solution, 0.001 g of chromium

per litres

Transfer 25.0 ml of standard chromium solution (319) to a
250 mi volumetric flask, make up to volume and mjx.

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

Prepare this solution immediately before use.

4 APPARATUS

4.1 Ordinary laboratory apparatus.
NOTE — If the glassware has been washed with the sulphp-chromic

mixture, care must be taken to rinse it well before use ip order to
ensure that every trace of chromium is removed.

4.2 Spectrophotometer.

3.17 Base solution of 2.000 g of aluminium per litre.

Weigh, to the nearest 0.001g, 2.000g of high purity
aluminium (3.3), previously pickled, and place in a beaker
of suitable capacity (600 ml for example) and add, in small
portions, 134 mi of acid mixture (3.4). When the reaction is
completed, add 10 mi of dilute sulphuric acid (3.9} and
heat the solution until white H,SO,4 fumes are liberated.
After cooling, take up with water, heat to complete the

1) The coefficient of molar absorbance is given by the ratio of
optical density at about 545 nm (optical path = 1 cm) to the
concentration of chromium, expressed in gram atoms per litre of
solution.

2

5 SAMPLING
5.1 Laboratory sample 2)

5.2 Test sample

Chips of thickness less than or equal to 1 mm, obtained by
drilling or milling.

2) The International Standard relating to sampling from supplies
will be studied as soon as Technical Committee 1SO/TC 69,
Application of statistical methods, has specified the general principles
to be followed.
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6 PROCEDURE

6.1 Test portion

Weigh, to the nearest 0.001 g, 1 g of the test sample (5.2).

6.2 Blank test

In parallel with the analysis, carry out a blank test, using
1 g of high purity aluminium (3.3), weighed to the nearest
0.001 g, and the same quantities of all the reagents used for

the analysis, feHowing-the-sarme-proeedure———————————————throtgh—a—close-textured—fitter—and—wash—the

NOTE — As the interference of atuminium on the colour of the

ISO 2298-1972 (E)

released. Then ignite the crucible to dryness. If a
considerable residue is left in the crucible, fuse it with 1 to
2 g of potassium pyrosuiphate (3.1), take up the mass with
a little hot water and add this solution to the test solution.

Heat the test solution to boiling and concentrate it to a
volume of approximately 100 ml, then pass a rapid stream
of hydrogen sulphide [obtained from iron sulphide (3.2)]
through the hot solution for about 20 min. Turn off the
flow of hydrogen sulphide and boil for 1 min in order to
aid coagulation of the precipitate. Then filter the solution
i precipitate
with the acid wash solution (3.6), collecting the filtrate and

chromium diphenylcarbazide complex for low chromium contents is
almost negligible, the blank test can be carried out in the absence of

aluminium. In

beaker of suit

cautiously a

this case, transfer 25 m! of acid mixture (3.4) to a
ble capacity {250 m| for example), bring to dryness
heat until the sulphuric acid is completely

eliminated. Afiter cooling, take up with a little hot water and add

20 ml of acid

ixture (3.4) and 5 mi of sulphuric acid (3.9). Cover

the beaker with a watch glass and continue heating until white

H,S80, fumes

according to t
the 7th line of

6.3 Determ

are liberated. Allow to cool and then proceed
he method described for the test solution (starting at
6.3.1).

jnation

6.3.1 PrepaBLation of the test solution

Place the te

portion {6.1) in a beaker of suitable capacity

(250 ml for ¢xample) and cover it with a watch glass.

Add 45 mi
beaker; whe
attack. Whe
acid (3.9),

bf acid mixture (3.4) in small portions to the
the reaction subsides, warm gently to aid the
the attack is complete, add 5 mi of sulphuric
cover the beaker and continue heating.until

white H,SQ, fumes are liberated. Allow to.cool, take

up with abo

it 150 ml of hot water and heat.the.solution to

complete the dissolution of the salts.

If there is separation of silica,, filter through a
close-texturdd filter and wash the silica with hot water,
collecting the filtrate and washings-in a beaker of suitable
capacity (2%0 ml for example):” Place the filter and its
contents in [a platinum crGeible, dry and ignite the filter
cautiously, fhen heat at ‘about 1 000 °C for 20 min. After
cooling, add|to the crucible 1 mi of sulphuric acid solution
(3.9), about| 4 ml «of\hydrofluoric acid solution {3.5) and
then nitric 3cid,‘drop by drop, until the solution becomes
clear. Heat| cautiously until white H,SO, fumes are

washings in a beaker of suitable capacity

(250 ml for

example). Discard the filter and the.precipitte. Boif the

solution to remove hydrogen sulphide) ‘then tr
500 ml volumetric flask. Make up tovolume an

hnsfer it to a
H mix.

NOTE — If the Cu content of the sampile is less than 0.01 % and the
sample contains no bismuth,(tin,“cadmium, etc., the treatment with

hydrogen sutphide need not beCarried out.

6.3.2 Taking of the aliquat

According to“the presumed chromium contept, take the

aliquot indicated in the table below.

Place the aliquot in a beaker of suitable capa
forsexample} and add the quantity of sulphur,
indicated in the table.

6.3.3 Development of the colour

Add to the beaker 1 ml of phosphoric acid so
1 ml of silver nitrate solution (3.12), 5 ml of
persulphate solution (3.13) and, if necessan
volume of the solution to about 100 ml with
the beaker with a watch glass and heat the
boiling. If, after 1 min of boiling, the co
permanganic acid does not appear, add
potassium permanganate solution (3.11); t
should then become pale pink. Boil the solutior]
allowing it to become concentrated to a volu
35 ml (do not allow it to fall below 35 ml).
beaker from the source of heat and rinse the
beaker and the watch glass with hot water. By
fine pointed Dpipette,
solution (3,14}, cautiously, drop by drop, un

City {250 ml
¢ acid (3.8)

ution (3.7),
ammonium
, bring the
vater. Cover
solution to
ouration of
5drops of .
he solution
for 30 min,
me of about
Remove the
walls of the
means of a

immediately add sodium nitrite

til the pink

colouration of permanganic acid disappears.

Presumed chromium content Volume of aliquot to take

Mass corresponding
to test sample

Volume

of sulphuric acid (3.8) to add

% mi g ml
from 0.001 to 0.02 100.0 0.2 0
from 0.02 t0 0.10 25.0 0.05
from 0.10 to0 0.60 5.0 0.01 2
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When the pink colouration becomes weak, wait 1 min
between the addition of successive drops. Do not add a
single drop of sodium nitrite solution in excess. {In order to
ensure that no excess sodium nitrite remains, 0.50 to 1 g of
urea may be added.)

Allow to cool, add 4 ml of phosphoric acid solution (3.7),
transfer the solution quantitatively to a 100 ml volumetric
flask and make up the volume to about 90 ml. Add 5 m! of
diphenylcarbazide solution (3.15), make up to volume and

the base solution (3.17) — corresponding to 0.05g of
aluminium — the quantities of standard chromium solution
{3.20) indicated in the following table :

mix.

NOTE — It is adyisable to carry out all the operations from

oxidation of the

chromium to the development of colour

consecutively, withgut interruption.

6.3.4 Spectroph

In the 30 min

carbazide soluti
measurement of
tion at a wavelen

btometric measurements

ollowing the addition of the diphenyl-
bn, carry out the spectrophotometric
the test solution and the blank test solu-
th of about 545 nm, after having adjusted

the spectrophotometer (5.2) to zero optical density against

water. Choose th
ment used.

e optical path appropriate to the instru-

6.4 Establishment of the calibration curve

6.4.1 Preparatio

6.4.1.1 Chromid

n of the standard solutions

m contents between 0.001 and 0.02 %

Transfer to a sefies of eight beakers of suitable capacity

(250 ml for exarn
the base soluti
aluminium — the
(3.20) indicated i

nple), each already containing 50.0 mi. of
bn  (3.16) — corresponding to 0.2g of
quantities of standard chromium,sclution
h the following table :

Standard chromium solution Corresponding mass

(3.20) of chromium
ml kg
oV 0
5-0 5
10.0 10
20.0 20
30.0 30
40.0 40
50.0 50
70.0 70

1) Compensating solution

Then proceed with)the colour development, following, for
each solution, the methods described in 6.3.3.

6.4.2 Spectrophotometric measurements

In the\ 30 min following the addition of the djphenyi-
carbazide solution, carry out the spectrophofometric
medsurements on the standard solutions 6.4.1.1 anqd 6.4.1.2
at a wavelength of about 545 nm, after having adjujsted the
spectrophotometer (5.2) to zero optical density| against
water. Choose the optical path appropriate to the instru-
ment used,

Deduct the value for
(compensating solution) from the readings for the
to which chromium has been added.

the chromium-free Jsolution
olutions

6.4.3 Plotting of the calibration curves

of the

1) Compensating solution

6.4.1.2 Chromium contents between 0.02 and 0.60 %

Transfer to a series of eight beakers of suitable capacity
{250 ml for example), each already containing 25.0 mil of

4

Standard chromium solution Corresponding mass Prepare two graphs — one in the presence of 0{20 g of

{3.30) of chromium aluminium (6.4.1.1) and the other in the presence of 0.05 g

m ug of aluminium (6.4.1.2) — placing, for‘ example,| on the
abscissa the values, expressed in micrograms,

of! o quantities of chromium contained in 100 ml of $tandard
2lo 2 solution, and on the ordinate the corresponding yalues of
slo the optical density.

10.0 10

20.0 20

30.0 30

40.0 40 7 EXPRESSION OF RESULTS

50.0 50 By means of the appropriate calibration curve (see 6.4.3),

determine the quantity of chromium corresponding to the
values of the optical densities measured.

The chromium content (Cr) is given, as a percentage by
mass, by the formula :
{m, —my) XD

my

X 100
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