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INTERNATIONAL STANDARD

1SO 6352-1985 (E)

Ferronickel — Determination of nickel content —
Dimethylglyoxime gravimetric method

1 Scope¢ and field of application

This Interngtional Standard specifies a gravimetric method for
the determination of the nickel content of ferronickel in the
range 15 to|60 % (m/m).

2 References

ISO 385/1) Laboratory glassware — Burettes — Part 1:
General requirements.

ISO 648, Lagboratory glassware — One-mark pipettes.
1ISO 1042, Lpboratory glassware — One-mark volumetric flasks.

ISO 5725, |Precision of test methods — Determination of
repeatability and reproducibility by inter-laboratory tests.

3 Principle

Dissolution |of a test portion in nitric acid. Precipitation of silica
by dehydration in perchloric acid. Removal 6f silica by filtration.
Precipitatiop of nickel from a tartro-ammoniacal medium by an
ethanolic sqlution of dimethylglyoxime. A second precipitation
of nickel anf weighing after drying'at 150 °C. Determination of
residual nigkel in the filtrates) by atomic absorption spec-
trometry.

4 Reagents

Il

4.6 Nitric acid, 0, = 1,41 g/ml.

4.7 Nitric acid, 05y = 1,41 g/ml,“diluted 14 1.

4.8 Perchloric acid, 05y = 1,61 g/ml [72 % (m/m)].
4.9 Tartaric acid; 500 g/ solution.

4.10 Hydrofluoric acid, 0,5 = 1,14 g/ml, diluted 1+ 1.
WARNING — Hydrofluoric acid is extremelly irritating and
corrosive to skin and mucous membraphes, producing

seveére skin burns which are slow to heal.|In case of skin
contact, wash well with water and seek medical advice.

5 Apparatus

Ordinary laboratory apparatus, and

5.1 Filtration crucible, fritted glass, of approximately 10 to
20 pm pore diameter.

5.2 Glass beakers, of capacity 600 ml, clegn, unetched and
flat bottomed.

5.3 Pipettes, of capacities 50 and 100 ml, injJaccordance with
ISO 648, class A.

5.4 Volumetric flasks, of capacities 200 and 1 000 ml, in ac-
cordance with ISO 1042, class A.

During the analysis, unless otherwise stated, use only reagents
of recognized analytical grade and only distilled water or water
of equivalent purity.

4.1 Acetic acid, 05y = 1,05 g/ml, diluted 1+1.
4.2 Ammonium hydroxide, 0,y = 0,925 g/ml.
4.3 Dimethylglyoxime, 10 g/l solution in ethanol.
4.4 Hydrochloric acid, 05y = 1,19 g/ml.

4.5 Hydrochloric acid, 0,5 = 1,19 g/ml, diluted 1+9.

5.5 Polytetrafluoroethylene (PTFE) beaker, of capacity
600 ml, for samples with a high silicon content.

6 Sampling and samples

6.1 Sampling and preparation of the laboratory sample shall
be carried out by normal agreed procedures or, in case of
dispute, by the relevant International Standard.

6.2 The laboratory sample normally is in the form of
granules, millings or drillings and no further preparation of the
sample is necessary.
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6.3 |If it is suspected that the laboratory sample is con-
taminated with oil or grease from the milling or drilling process,
it shall be cleaned by washing with high purity acetone and dry-
ing in air.

6.4 If the laboratory sample contains particles or pieces of
widely varying sizes, the test portion should be obtained by
riffling.

7 Procedure

7.4.2 When the metal is dissolved, add 40 ml of perchloric
acid (4.8) and heat at 260 °C until abundant white fumes are
obtained. Reflux at this temperature for 20 min. Remove the
beaker from the hotplate and allow to cool. Add 20 ml of
hydrochloric acid (4.4) and 200 mi of warm water. Filter off the
silica using a medium porosity filter paper, collecting the filtrate
in a 1000 ml one-mark volumetric flask. Rinse the beaker and
wash the silica precipitate three times with hydrochloric acid
diluted 1+ 9 and four times with warm water. Discard the silica
precipitate, make up the filtrate to the mark with water and mix
thoroughly.

WARNING — Fiming perchloric acid is a powerful oxi-

dant and can ca
with organic ma
in fume cupboar

7.1 Test portion

Weigh, to the nea
sample and transfg

7.2 Blank test

e an explosive mixture when in contact
erials. All evaporations should be done
s suitable for use with perchloric acid.

rest 0,001 g, 3,9 to 4,1 g of the laboratory
r to a 600 ml glass beaker (5.2).

Carry out a blank tgst in parallel with the determination, follow-

ing the same proce
reagents.

dure and using the same quantities of all the

7.3 Preparation of crucible

hydrochloric acid (

.4), 10 ml of nitric acid (4.6) and 30 ml of

7.3.1 Filter throuIah the crucible (5.1) a hot mixture of 20 ml of

water. Wash the ¢
been removed.

7.3.2 Dry the cru

ucible with warm water until all the acid has

cible in an oven at 150 °C for 2 h«w-Cool in a

desiccator for 60 min and weigh quickly.

NOTES

1 This procedure i used to condition a new_efucible or to clean a

used crucible after th

2 For highest accur
weighed, as closely
humidity conditions

7.4 Preparatio

e analysis is completed.

hcy, the crucible and precipitate (7.5.9) should be
as possible~under the same temperature and
s the emptycrucible.

h of\test solution

7.5 Determination

7.5.1 Pipette from the test solution into~a@ 600 ml beaker, an
aliquot containing 60 to 120 mg of nickel; and dilute|to 300 ml
with water. Use a 100 ml aliquot for samples contgining less
than 30 % (m/m) nickel and 50 mifor-samples contaihing more
than 30 % (m/m) nickel.

7.5.2 Add 10 ml of tartdri¢ acid solution (4.9) to the aliquot
(7.5.1). Pour in, while-stirring, ammonium hydroxide|(4.2) until
the colour of the solution changes from yellow to hlue-green
(pH is slightly alkaline). The solution must remain clear. Restore
the yellow calour by slowly adding sufficient acetic acid (4.1).
The pH must be between 4 and 5. Heat the solution|to 60 °C.

7.5.3\Pour in, while stirring, 4 ml of dimethylglyoxime
solation (4.3) for each 10 mg of nickel estimated to bg present.
Add 20 ml in excess.

7.5.4 Make the solution slightly ammoniacal (pH of [about 10)
by addition of sufficient ammonium hydroxide. Stir yigorously
for about 30 s and allow the precipitate to settle for 30 min.

7.5.5 Filter the solution through a medium porosity paper.
Wash the precipitate five times with warm water (ahout 40 to
50 °C). Retain the filtrate for processing in 7.5.10.

7.5.6 Dissolve the precipitate through the filter|into the
beaker used for the first precipitation, using a hot mixture of
20 ml of hydrochloric acid (4.4), 10 ml of nitric acid|(4.6) and
30 mi of water. Wash the filter carefully with three 30 ml por-
tions of the acid mixture, following the addition of ea¢h portion
by washing with warm water. Ensure that all the red grecipitate
is dissolved and finally wash the filter thoroughly with warm

7.4.1 Dissolve the test portion (7.1) by adding 256 ml of water
followed by 50 ml of nitric acid diluted 1+ 1. Cover the beaker
with a watch-glass and heat gently, if necessary, to complete
dissolution.

NOTE — For ferronickel samples containing more than 1 % (m/m)
silicon, use a polytetrafluoroethylene beaker (5.5). Attack the test por-
tion by adding successively 256 ml of water, 40 ml of nitric acid (4.7) and
10 ml of hydrochloric acid (4.4). To obtain complete dissolution of the
sample, add, at the end of effervescence, 10 ml of hydrofiuoric acid
(4.10) and 40 ml of perchloric acid (4.8). Heat until evolution of fumes
of perchloric acid. Allow to cool and transfer the solution quantitatively
to a glass beaker (5.2). Heat to 260 °C until abundant white fumes of
perchloric acid are obtained. Reflux at this temperature for 20 min and
proceed as directed in 7.4.2, ’Remove the beaker...”.

water.

7.5.7 Reprecipitate the nickel by repeating the steps in 7.5.2
to 7.5.4 inclusive but use only 2 ml of tartaric acid solution (4.9)
and only 5 ml excess of dimethylglyoxime solution (4.3).

7.5.8 Filter the precipitate on the dried and preweighed fritted
glass crucible (7.3.2). Clean the beaker thoroughly and wash
the precipitate five times with warm water. Retain the filtrate
for processing in 7.5.10.

7.5.9 Dry the crucible and precipitate in an oven at 150 °C for
2 h, cool in a desiccator for 60 min and weigh quickly, under the
same conditions as used in 7.3.2.
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7.5.10 Combine the filtrates from 7.5.5 and 7.5.8. Evaporate
to a viscous consistency. Add 50 ml of hydrochloric acid (4.4)
in 10 to 15 ml portions and heat. Add 50 ml of hot water and
bring to the boil. Allow to cool and transfer to a 200 ml one-
mark volumetric flask. Make up to the mark with water and
mix.

7.5.11 Determine the nickel content of the combined filtrates
by atomic absorption. See annex A.

NOTES

ISO 6352-1985 (E)

8.2.1.2 The test was carried out on test solutions of 50 ml for
nickel contents lower than 30 % (m/m) and 25 ml for contents
higher than 30 % (m/m). These solutions became 100 ml and
50 ml, respectively, in the final procedure adopted after com-
pletion of the programme (see 7.5.1). It is expected that the
repeatability and the reproducibility will be better when the
method is used as specified.

8.2.2 Statistical results

Repeatability and two reproducibilities were calculated accord-

1 The nickg¢l content of the combined filtrates should not exceed
0,2 % (m/m) nickel in the original sample.

2 High leves of nickel in the filtrates may indicate a faulty crucible.

3 If the nickel in the filtrate is high, or if the sensitivity of the atomic
absorption irfjstrument is very high, it may be necessary to dilute the
solution from 7.5.10 for atomic absorption analysis.

8 Exprgssion of results

8.1 Calculation

The nickel |content, expressed as a percentage by mass, is
given by the formula

(i, — mq) x 1000
20,32 + wi (%)
my X V

where

myg is the mass, in grams, of the test portion;
mq is the mass, in grams, of the empty crucible;

m, is the mass, in grams, of the crucibleé’and the nickel
dimethy]glyoxime precipitate;

V is thie volume, in millilitres, of'the aliquot part of the test
solution|taken in 7.5.1;

ws (%) | is the correctioni\for percentage of nickel which is
determimed in the combined filtrates (7.5.11);

20,32 is|the conversion factor, multiplied by 100, of nickel
dimethy]glyoxime to nickel.

8.2 Predision

ing to the principles of ISO 5725. The values.r¢sulting from this
analysis are given in table 1. A report_6nythe interlaboratory
tests and statistical analysis is given in-annex| B.

Table 1 — Results of statistical analysis

Nickel content [% (m7m)] 15 to 30 31 to 45
Standard deviation
— within analyst,)s,,, 0,047 0,066
— between<analyst/within

laboratory, 's,,» 0,047 0,095
— between laboratories, s, 0,054 0,047
Reépeatability, r = 2,83 \/53” 0,13 0,19

Reproducibility, within
laboratory, R,, 0,19 0,33

R, =283+/s2, + 52,

Reproducibility, between
laboratories, R 0,24 0,35

= 52 2 2
R =283 §2, + 52, + 52

NOTES TO TABLE 1
1 These values of the repeatability and reproducibjlity can be retained
as normally representative of the performance of the analytical method

specified in this International Standard and applied|to similar samples.

2 The repeatability and reproducibility data may be used as guidelines
for establishing splitting limits.

9 Test report

The test report shall include the following information:

8.2.1 Laboratory tests

8.2.1.1 This International Standard was subjected to an inter-
laboratory test programme involving seven countries, 20 lab-
oratories and 39 analysts. Eight samples of commercial ferro-
nickel covering the range of 21 to 41 % (m/m) nickel were
analysed. Each laboratory was requested to supply two deter-
minations by each of two analysts for each sample.

a) the reference to the method used;

b) the results of the analysis;

c) the number of independent replications;

d) any unusual features noted during the analysis;

e) any operation not included in this International Stan-
dard or regarded as optional.
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A.1 General
This annex descri
residual nickel in

determination of r}

A.2 Reagents

(E)

Annex A

Determination of nickel in combined filtrates
by atomic absorption spectrometry

(This annex forms an integral part of the Standard.)

the combined filtrates from the gravimetric
ickel (see 7.5.10 and 7.5.11).

A.2.1 Hydrochjoric acid, 0y = 1,19 g/ml.

A.2.2 Nickel, standard solution, corresponding to 0,1 g of

Ni per litre.

Weigh, to the n
[99,.9 % (m/m) m|
dissolve in 40 ml
Evaporate to a visg
and transfer to a 1
to the mark with |

Pipette 25,0 ml
volumetric flask. N

1 ml of this standd

A.3 Apparat

Ordinary laborator

A.3.1 Burette,

earest 0,005 g, 1,00 g of nickel metal,
nimumj, transfer to a 600 ml beaker and
hitric acid (0,9 = 1,41 g/ml) diluted 1+1.
ous syrup, cool, redissolve the salts in water
000 ml one-mark volumetric flask. Make up
vater and mix.

bf this solution into a 250 ml one-mark
flake up to the mark with water and mix.

rd solution contains 0,1 mg of Ni.

USs

y apparatus, and

of capacity 50 ml, graduated in divisions of

0,05 ml, in accordance with ISO 385/1; class A.

A.3.2 Volumet,

ric flasks, “of capacities 200; 250; and

1000 ml, in accordance withalSO 1042, class A.

Light the burner and adjust the flows of air and acetylene to ob-
tain an oxidizing, clear, non-luminescent flame while aspirating

clear, e c aspitall

A.4.2. Preparation of the set of calibratian
solutions

Transfer, using a burette, 0; 2; 5; 10; @nd”15 ml of|the nickel
standard solution (A.2.2) to each~of five 200 ml|one-mark
volumetric flasks. Add 50 ml of hydrochloric acid (A .P.1), make
up to the mark with water and-mix. These calibration solutions
correspond to 0,0; 0,2; 0,5; 1,0+"and 1,5 mg of Ni in the 200 ml

volume (see 7.5.10).

A.4.3 Atomic absorption measurements

Aspirate each of.the calibration solutions (A.4.2) stgrting with
the zero member and note the absorbance reading.| Flush the
system by aspirating water between each reading.

Aspirate.the test solution (7.5.10) and note the apsorbance
reading.

Repeat the measurement of calibration solutions an{d test sol-
ution such that the measurement of the test solutipn lies be-
tween the measurement of two calibration solutiond.

A.4.4 Preparation of the calibration graph

Plot the instrument reading against the nickel content of the
calibration solutions.

A.5 Expression of results

Using the calibration curve (A.4.4) read the amount of nickel
corresponding to the measured absorbance of the tesit solution.

The nickel content of the filtrates, w; (%), to be appliefl as a cor-
rection in 8.1, expressed as a percentage by mass of the original
sample, is given by the formula

m3
A.3.3 Pipette, |of~capacity 25 ml, in accordance with 7 X 100
ISO 648, class A. 6
where

A.3.4 Atomic absorption spectrometer, equipped with a
burner head for an air-acetylene flame and a nickel hollow

cathode lamp.

A.4 Procedure

A.4.1 Adjustment of atomic absorption

spectrometer

Set the required

instrument parameters according to the

manufacturer’s instructions. Adjust the wavelength to 232 nm
and the nickel lamp current as recommended.

mq is the mass, in grams, of the test portion (7.1);
my is the mass, in milligrams, of nickel in the test solution;

V is the volume, in millilitres, of the aliquot of the test
solution taken in 7.5.1.

NOTES

1 For some atomic absorption instruments it may be necessary to use
scale expansion.

2 Itis not necessary to add dimethylglyoxime to the calibration sol-
utions and evaporate to a viscous consistency for mineralization.

3 If the nickel content of the test solution is high then it may be
diluted by a known amount and an appropriate correction made.
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