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INTERNATIONAL STANDARD © ISO

ISO 10478:1994(E)

Petroleum products — Determination of aluminium
and silicon in fuel oils — Inductively coupled plasma

emissiot and atomic absorption spectroscopy

method

WARNING — [The use of this International Standard may involve hazardous materials, operations
and equipment. This standard does not purport to address all of the safety problems associated

with its use. It is the responsibility of the user of this standard to establish appropriate safety and
health practicps and determine the applicability of regulatory limitations/prior to use.

1 Scope

This Internatignal Standard specifies a method for
determining the aluminium and silicon contents of
fuel oils at doncentrations between 5 mg/kg and
150 mg/kg f{r aluminium and 10 mg/kg and

250 mg/kg far silicon using inductively coGpled
plasma emissipn and atomic absorption spectroscopy.

2 Normative references

The following| standards) contain provisions which,
through refergnce in this text, constitute provisions
of this Interngtiorial‘Standard. At the time of publi-
cation, the editions indicated were valid. All standards

ISO 1042:1983, Laboratory glassware — (ne-mark
volumetric flasks.

|SO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 3819:1985, Laboratory glassware — Beakers.

ISO 4788:1980, Laboratory glassware — Graduated
measuring cylinders.

3 Principle

A weighed quantity of homogenized sample is heated
in a clean platinum basin, the combustible [material
removed by burning and the carbon finally femoved
by heating in a muffle furnace at a tempefature of
550 °C + 25 °C. The residue is fused with a [dilithium

are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 648:1977, Laboratory glassware — One-mark
pipettes.

ISO 835-2:1981, Laboratory glassware — Graduated
pipettes — Part 2: Pipettes for which no waiting time
is specified.

tetraborate/lithium fluoride flux, the fused mixture di-
gested in a solution of tartaric acid and hydrochloric
acid, and diluted to volume with water.

The solution is aspirated into either the plasma of an
inductively coupled plasma emission spectrometer
(ICPES), and the emission radiation of the resonance
lines of aluminium/silicon measured and compared
with that of standard calibration solutions, or the
flame of an atomic absorption spectrometer (AAS) and
the absorption of the resonance radiation of the
aluminium/silicon measured and compared with that
of standard calibration solutions.
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4 Reagents

During the analysis, use only reagents of recognized
analytical grade and only water of at least grade 3
purity as specified in ISO 3696.

4.1 Potassium hydrogensulfate, (KHSO,), fused
solid.

4.2 Flux, mixture of 90 % (m/m) dilithium tetraborate
(Li,B4O5) and 10 % (m/m) lithium fluoride (LiF).

© SO

8 g of sodium hydroxide in a zirconium crucible fitted
with a close-fitting lid (5.2) at dull red heat until a clear
melt is obtained. Cool and dissolve the solidified melt
in 100 ml of hydrochloric acid/water solution (4.6.2) in
a 400 ml beaker (5.12). Cool, transfer and dilute the
solution quantitatively with water to 1 000 m! in a
volumetric flask (5.8) followed by immediate transfer
to a plastic bottle (5.14) for long-term storage.

5 Apparatus

4.3 Propan-2-ol.
4.4 Toluene

4.5 Toluene/propan-2-ol mixture (1 + 1).

Mix one voldyme of toluene with one volume of
propan-2-ol.

4.6 Hydrochjoric acid, concentrated, 36 % (m/m).

4.6.1 Hydroghloric acid solution (1 + 1).

Mix one volume of hydrochloric acid (4.6) with one
volume of water.

4.6.2 Hydroghloric acid solution (1 + 2).

Mix one volume of hydrochloric acid (4.6) with twe
volumes of wjter.

4.7 Tartaric [cid.

4.7.1 Tartaripc acid/hydrochloric acid.solution.

Dissolve 5 g qf tartaric acid in appfoximately 500 ml
of water acidified with 40 ml-of hydrochloric acid
(4.6) and dilutg to 1 000 mlwith water.

4.8 Standard solutions’

4.8.1 Aluminium-standard solutions.

Laboratory apparatus and apparatus described in 5.1
to 5.15 shall be used. Clean all glassware |carefully
with hot hydrochloric acid (4.6.1) and, rinse tHoroughly
with water to eliminate contamination:

5.1 Platinum basin, 100 nmik capacity, cleahed with
molten potassium hydrogénsulfate (4.1).

NOTE1 The following cleaning technique| is rec-
ommended: place 5-g of potassium hydrogensulfdte (4.1) in
the basin, heat in@muffle furnace at 550 °C + 25 C or over
a Bunsen burner for 5 min. Allow to cool, wasH out with
distilled or deionized water and dry.

5.2 .Zirconium crucible, with a clgse-fitting

zirconium lid, 30 ml to 50 ml capacity.
5.3 Mixer, non-aerating, high-speed shear type.

5.4 Electric oven, capable of being maintajned at a
temperature between 50 °C and 60 °C.

5.5 Electric muffle furnace, capable of being main-
tained at temperatures of 550 °C + 25(°C and
925 °C 4 25 °C, and preferably having apeftures at
front and rear to allow passage of a slow|, natural
draught of air.

5.6 Electrical hotplate, with or without a magnetic
stirring capability.

5.7 Spectrometers.

Use either a ready-made commercially available alu-
minium standard solution, 1 000 mg/l, or prepare by
dissolving 1,000 g of aluminium metal (wire form,
99,99 % purity) in 50 ml of hydrochloric acid (4.6) with
gentle heating in a 400 ml beaker (5.12). Cool, transfer
and dilute the solution quantitatively with water to
1 000 mi in a volumetric flask (5.8).

4.8.2 Silicon standard solutions.

Use either a ready-made commercially available sili-
con standard solution, 1 000 mg/l, or prepare by fus-
ing 2,140 g of silicon dioxide (99,99 % purity) with

5.7.1 Inductively coupled plasma atomic emis-
sion spectrometer.

Use either a sequential or simultaneous spec-
trometer, equipped with an ICP torch and RF gener-
ator to form and sustain the plasma.

5.7.2 Atomic absorption spectrometer.

Use an instrument with a modulated hollow cathode
lamp or other source of modulated resonance radi-
ation of aluminium/silicon; a dinitrogen oxide (nitrous
oxide)/acetylene burner; and a light detector with a
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suitable measuring and readout system. The scale
shall be linear in absorbance or in light intensity, or

DIl WY TSV WGHIVT

shall be directly in concentration units with curve cor-
rection.

5.8 Volumetric flasks, 100 ml and 1 000 ml, com-
plying with ISO 1042, class A.

5.9 Pipettes, 1 ml, 2ml, 5ml, 10 ml, 20 ml and
25 ml, complying with ISO 648, class A.

ISO 10478:1994(E)

preferably contain approximately 1,3 mg of alu-

minium.

NOTE 3

The mass of test portion proposed, based on the

aluminium content, will also suffice for the silicon determi-

nation, as both elements are usually found
sociated with each other.

7.2 Preparation of test solution

7.2.1 Immednately after homogemzatlo

5.10 Pippttes, 1 ml and 2 ml, graduated in 0,1 ml
subdivisiohs, complying with ISO 835-2.

5.11 Mepsuring cylinders, 10 ml, 25 ml, 50 ml and
100 ml, with subdivided graduations, complying with
ISO 4788

5.12 Begker, 400 m! squat form, complying with
I1SO 3819

5.13 Filter paper, “ashless”, 0,01 % (m/m) ash
maximum|.
5.14 Plastic bottles, unfilled virgin plastic, suitable

for long-tgrm storage of dilute acid solutions, 100 ml
and 1 00Q ml.

5.15 Balance, capable of being read to the nearest
0,2 mg.

6 Sanmple preparation

The sample shall be homogenized thoroughly before
the test gortion is taken. Place the _sample container
in an oven at a temperature( between 50 °C and
60 °C andl maintain the sample at this temperature
until all tHe sample has melted and reached a uniform
viscosity.| Insert the shaft“of the mixer (5.3) into the
sample sp that the head of the shaft is immersed to
approximately 5 mro’ from the base of the container.
Homogerize the-sample for approximately 5 min. In
the case|of fluid samples which have stood undis-
e a plastic rod to dis-

{

in fuel oiis as-

n transfer the
mple to the

weighed platinum basin (5.1); reweigh’the basin and
contents to the nearest 0,1 g to,6btain|the mass of

@
a
¢
T
e

7.2.2 Warm the basin and contents cently with a

P N P P N

Bunsen flame until the, sample |g||uu$

Amiomdoniom

IVldll iairi Lhc

contents of the basin.at’a temperature sdich that most

of the combustible ‘material is removed
bon and ash remain.

NOTE 4

and only car-

if\the sample contains consideralile amounts of

moisture, foaming and frothing may cause logs of sample.

If foaming and frothing occur, discard th

e sample and

to-'a fresh portion add 1 ml to 2 ml gf propan-2-ol
(4.3) before heating. If foaming and frothing are not

sufficently reduced, add 10 ml of 4

mixture of

toluene/propan-2-ol (4.5) to a further test portion and

mix thoroughly. Place several strips of
paper (5.13) in the mixture and warm

ashless filter
gently (when

the paper begins to burn, the greater part of the water

will have been removed).

7.2.3 Place the basin and contents i
furnace (5.5) preheated

n the muffle

to a temperature of

550 °C + 25 °C. Maintain the muffle fyrnace at this

temperature until all the carbon has b
and only ash remains.

NOTE 5 This may require heating overnigit.

7.2.4 Cool the basin to room temperat
contents of the basin add 0,4 g of the

een removed

ire and to the
flux (4.2) and

lodge any sediment adhering to the base of the
sample container before homogenization.

NOTE 2 Failure to use this homogenization procedure
will invalidate results.

7 Procedure

7.1 Test portion

The mass of test portion taken from the sample
(clause 6) shall weigh between 20 g and 50 g, and

mix it with the ash. Place the basin and contents for
5 min in a muffle furnace preheated to a temperature
of 925 °C + 25 °C. Remove the basin and ensure
contact of the flux with the ash. Replace the basin in
the muffle furnace and maintain at a temperature of

925 °C + 25 °C for a further 10 min.

7.2.5 Remove the basin, cool the fusion melt to

room temperature and add 50 ml

of tartaric

acid/hydrochloric acid solution (4.7.1) to the basin.
Place the basin and contents on a hotplate (5.6) and

maintain at a moderate temperature wit

hout boiling.
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NOTES

6 Excessive evaporation of the solution could lead to pre-
cipitation of an insoluble form of silica.

7 Prolonged heating may be required to dissolve the
solidified melt completely and obtain a solution. Agitation
or the use of magnetic stirring may be employed to speed
dissolution of the solidified melt.

7.2.6 Allow the solution to cool and transfer it to the
100 ml volumetric flask (5.8) with water, washing the
basin several fimes 10 ensure transter is quantitative.
Make up to the mark with water. Transfer to a plastic

bottle, 100 mi

NOTE 8

sirable, as the

tetrafluoroboric

©1SO

The calibration solutions then contain 5 mg/l,
10 mg/l, 26 mg/l and 50 mg/! of silicon respectively.

7.43 Storage
Transfer all standards to 100 ml plastic bottles (5.14).

NOTE 9 When both aluminium and silicon are being de-
termined together, the 5 mg/l to 50 mg/l calibration sol-
utions of each may be combined, providing there are no
incompatibility problems caused by the reagents used in the
preparation of the standard solutions 4.8.1 and 4.8.2.

(5.14).

Trankfer to a plastic bottle is thought to be de-

dilute acid solution will contain
acid from solution of the flux. However,

storage tests haive shown that there is no attack of glass-
ware in the shdrt term (up to one week); and that the sol-
ution does not ¢ontain free fluoride “ion” above the 5 mg|l

level.

7.3 Prepara

Prepare a zerq
0,4 g flux and

tion of blank solution

-concentration solution containing only
50 ml of the tartaric acid/hydrochloric

acid solution (#.7.1) diluted to 100 ml and transfer to
a plastic bottlg, 100 ml (5.14).

7.4 Preparation of calibration solutions

7.4.1 Alumir

Prepare a 250
luting 25 ml
(4.8.1) to 100

ium

mg/l aluminium working selution by di-

of the 1000 mg/l standard solution

ml with water. To ,each of four clean

100 ml volumetric flasks (5.8) add~0,4 g of the flux

and 50 ml of
ution (4.7.1).

the tartaric acidfhydrochloric acid sol-
To successive~flasks add 2 ml, 4 ml,

10 ml and 20 mnl of the~250 mg/l aluminium working

solution and d

The calibratiq
10 mg/l, 25

lute to<100 ml with water.

n~.solutions then contain 5 mg/i,
all ~f

1.5 Setting up and operating the'inductively
coupled plasma atomic emission
spectrometer

7.5.1 General

Consult and follow the manufacturer's instrugtions for
the operation of the Ghstrument.

NOTE 10 Design/ differences between instruments, ICP
excitation sources and different selected analytical wave-
lengths for.individual spectrometers make it imgracticable
to specify the required manipulations in detail.

7.5.2 Peristaltic pump

If using a peristaltic pump, inspect the pump tubing
and replace it, if necessary, before starting gach day.
Verify the solution uptake rate and adjust jt to the
desired rate.

7.5.3 ICP excitation source

Ignite the ICP excitation source at least 30 m|n before
performing an analysis. During this warmup period
nebulize distilled or deionized water through the
plasma torch.

NOTE 11 Some manufacturers may recommend even
longer warmup periods.

7.5.4 Wavelength profiling

ively.

7.4.2 Silicon

[I~and EO Ali ittt i r oo
[T oOUTTITyg T VT arariiiiiiar T TOO P OUT

Prepare a 250 mg]/l silicon working solution by diluting
25 ml of 1000 mg/l standard solution (4.8.2) to
100 ml with water. To each of four clean 100 ml
volumetric flasks (5.8) add 0,4 g of the flux and
50 ml of the tartaric acid/hydrochloric acid solution
(4.7.1). To successive flasks add 2 ml, 4 ml, 10 ml and
20 ml of the 250 mg/I silicon working solution and di-

lute to 100 ml

with water.

Perform any wavelength profiling that is called for in
the normal operation of the instrument.

7.5.5 Operation parameters

Assign the appropriate operating parameters to the
instrument task file so that it is possible to determine
the desired elements. Include the following par-
ameters: element, wavelength, background correction
points (optional), inter-element correction factors (op-
tional), integration time and three consecutive repeat
integrations.
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7.5.6 Calibration curve

Prepare a five-point calibration curve using the blank
and working standards at the beginning of analysis of
each batch of samples.

7.5.7 Analysis of the test solution

Analyse the samples in the same manner as the cali-
bration standards (i.e. same integration time, back-
ground correction points, plasma conditions etc.).

ISO 10478:1994(E)

ommended working region of the spectrometer (see
manufacturer's operating instructions).

Table 1 — Instrumental settings for aluminium

Wavelength, nm 309,3

Fuel Acetylene

Oxidant Dinitrogen oxide (nitrous oxide)

Lamp current As recommended by the manu-

Rinse the—plasma—toreh—between—samples—by
nebulizing distilled or deionized water for at least
10 s.

If it is foynd that a test solution gives a concentration
above thpt of the most concentrated calibration sol-
ution, diliite it in the same matrix, i.e. blank solution
(7.3), to [pring it within the range of the calibration
solutions

Analyse pne of the calibration standards after every
fifth test|sample. If the concentration of any element
is 5 % optside of the nominal value, make any ad-
justments to the instrument that are necessary and
repeat the calibration.

7.6 Setting up and operating the atomic
absorptjon spectrometer

7.6.1 General

Consult gnd follow the manufacturer's instructions for
the opergtion of the atomic absorptiofspectrometer.

NOTE 12| Design differences between spectrometers
make it impracticable to specify the_required manipulations.

WARNING — Correct-operating procedures are
required|for safety as’well as for reliability of re-
sults. An explosion/can result from flame blow-
back unlpess the correct burner head and operating
sequence are ‘used.

facturer, typically 60 % to 100 %
of maximum

7.6.3 Settings for silicon

Fit the silicon hollow™cathode lamp, et the mono-
chromator to the.specified wavelength (see table 2)
and adjust the wavelength control to obtain maximum
output.

Table 2 — Instrumental settings for silicon

Wavelength, nm 251,6

Fuel Acetylene

Oxidant Dinitrogen oxide (nitjous oxide)

Lamp current As recommended Hy the manu-

facturer

Follow a procedure similar to 7.6.2, aspifating a silicon
calibration solution (7.4.2) (e.g. 25 mg/l) into the
flame.

7.6.4 Calibration curve

A calibration curve shall be prepared prior to analysis
of each group of samples and after any change in in-
strumental conditions, as variations odcur in the in-
strument behaviour. The mode of calibration depends
on the type of readout facility on the AAS.

7.6.2 Settings for aluminium

Fit the aluminium hollow cathode lamp, set the
monochromator to the specified wavelength (see ta-
ble 1) and adjust the wavelength control to obtain
maximum output. Aspirate an aluminium calibration
solution (7.4.1) (e.g. 25 mg/l) into the flame. Make
adjustments to burner height, burner alignment,
acetylene flowrate and impact bead to give maximum
absorbance (or minimum transmittance). Adjust the
gain control to set the maximum within the rec-

NOTE 13  Readings may vary over short times from such
causes as buildup of deposits on the burner slot or in the
nebulizer. The visual appearance of the flame is a useful
check to detect changes of condition.

7.6.5 Analysis of the test solution
7.6.5.1 General
Analyse one of the calibration standards after every

fifth sample. If the result indicates that the calibration
has changed (see note 13), recalibrate the instrument.
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If it is found that a test solution gives a concentration
above that of the most concentrated calibration sol-
ution, dilute in the same matrix, i.e. blank solution
(7.3), to bring it within the range of the calibration
solution.

7.6.5.2 Spectrometers with meter readout

Aspirate the calibration solution, blank solution and
test solution sequentially into the flame and record

© SO

the recommended calibration program, to obtain a di-
rect readout in concentration units; the concentration
of each test and blank solution can thus be directly
obtained after aspiration of the test solution.

8 Calculation

Calculate the aluminium and silicon contents as Al or

the meter readings. Aspirate the blank solution be-
tween each tept solution.

If the spectrompeter output is linear in absorbance, plot
a calibration gfaph of net absorbance (calibration sol-
ution absorbamce minus the blank solution absorb-
ance) against| concentration. From this calibration
graph estimatg the concentration of each sample sol-
ution after simiilarly computing its net absorbance.

If the spectrometer output is proportional to trans-
mission (i.e. light intensity), calculate the net absorb-
ance, A, using|the following equation:

A = 'g ﬁ_
(dy
where
dy is the meter reading due to the blank sol-
utign;
d, is the meter reading given by the.cali-

bration solution or test solution.

7.6.56.3 Spectrometers with digital readout and
built-in (nonmicroprocessor-controlled) curvature
correction an{ scale expansion-facilities

Follow the mg3nufacturer's’operating instructions, as-
pirating the appropriate.calibration solution, to set the
digital readou{ to read directly in the required con-
centration unifs,~carrying out a curvature correction

Si respectivelyin milligrams per kilogram_ sample,
using the equations:

~100c,d

Al=—

100c,d
Si = —

where

I is.the concentration of aluminium| in milli-
grams per litre, as read from efther the
readout of the inductively couple«l! plasma
emission spectrometer (7.5.7), or|the cali-
bration curve (7.6.5.2) or the direct readout
(7.6.5.3, 7.6.5.4) of the atomic alpsorption
spectrometer;

c is the concentration of silicon, [in milli-
grams per litre, as read from efther the
readout of the inductively coupled plasma
emission spectrometer (7.5.7), or| the cali-
bration curve (7.6.5.2) or the direct readout
{7.6.5.3, 7.6.5.4) of the atomic absorption
spectrometer;

d is the dilution factor (7.5.7, 7.6.8.1). This
factor shall be calculated to take into ac-
count the volumes and aliquots|used to
produce the test solution concentration
falling within the calibration range; d =1
unless the dilution procedures in| 7.5.7 or

Aspirate the test solution and read the concentration
of each test and blank solution directly from the con-
centration readout given by the digital display from the
spectrometer.

7.6.5.4 Spectrometers with digital readout
microprocessor-controlled calibration facilities

Follow the manufacturer's operating instructions, as-
pirating the appropriate calibration solution and using

7.6.5.1 are carried out;

m is the mass of the test portion, in grams.

9 Expression of results

Report the results to the nearest 1 mg/kg as
aluminium/silicon content by either inductively cou-
pled plasma emission spectroscopy or atomic ab-
sorption spectroscopy.
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10 Precision

10.1 Precision data for results determined
by inductively coupled plasma emission
spectroscopy

10.1.1 Repeatability, r
The difference between successive test results, ob-

tained by the same operator with the same apparatus
under constant operating conditions on identical test

ISO 10478:1994(E)

under constant operating conditions on identical test
material, in the normal and correct operation of the
test method, would exceed the following value in only
one case in twenty:

Aluminium r = 0,2968x%*
Silicon r = 0,3539x%°

where X is the average of the results being compared,
in milligrams per kilogram sample.

material, [in the normal and correct operation of the
test method, would exceed the following value in only
one caselin twenty:

Aluminigm r =0,0660X
Silicon r =0,0643X

where X is the average of the results being compared,
in milligrams per kilogram sample.

10.1.2 Reproducibility, R

The diffefence between two single and independent
test results obtained by different operators working in
different Jaboratories on nominally identical test ma-
terials, in[the normal and correct operation of the test
method, yvould exceed the following value in only one
case in twenty:

Aluminigm R =0,337X
Silicon R =0,332X

where X is the average of the results being compared,
in milligrams per kilogram sample.

10.2 Pilecision data.for results determined
by atomjic absorption spectroscopy

10.2.1 Repeatability, r

The differere-betwsesn-successive-testresults,ob

10.2.2 Reproducibility, R

The difference between twq 'single and independent
test results obtained by different operatgrs working in
different laboratories on nominally identical test ma-
terials, in the normal-and correct operatipn of the test
method, would exceed the following vallie in only one
case in twenty:

Aluminigm R = 0,7890x%3
Silicon R =1,388x%"

where X is the average of the results being compared,
in milligrams per kilogram sample.

11 Test report

The test report shall contain at least th¢ following in-
formation:

a) a reference to this International Standard;

b) sufficient details for complete identification of the
product tested;

c) the results of the test (see clause 9);

d) any deviation, by agreement or otherwise, from
the procedure specified;

tained by the same operator with the same apparatus

e) the date of the test.
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