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Dois métodos para determinação de vanádio em óleo combustível são propostos utilizando
GF AAS. O primeiro é baseado na preparação de uma microemulsão da amostra que é diretamente
injetada no tubo de grafite. As temperaturas de pirólise e atomização, 1500 e 2700 °C,
respectivamente, foram otimizadas a partir das curvas de temperatura. Para este procedimento
obteve-se um limite de detecção de 0,10 μg g-1 e uma massa característica de 87 pg. O outro
método utiliza digestão da amostra com ácido sulfúrico, ácido nítrico e peróxido de hidrogênio.
As temperaturas de pirólise e atomização, otimizadas, foram 1000 e 2700 °C, respectivamente.
Para este procedimento, obteve-se um limite de detecção de 0,25 μg g-1 e uma massa característica
de 63 pg. A exatidão de ambos os métodos foi confirmada pela análise do material de referência
certificado NIST SRM 1634c-trace metals in fuel oil.
Two methods for vanadium determination in fuel oil are proposed using GF AAS. The first
is based on the preparation of a microemulsion followed by direct injection into the graphite
tube. The pyrolysis and atomization temperatures, 1500 and 2700 °C, respectively, were chosen
from the temperature curves. This procedure allows determination of vanadium with a detection
limit of 0.10 μg g-1 and characteristic mass of 87 pg. The other method uses total acid digestion
of the sample with sulfuric acid, nitric acid and hydrogen peroxide. In this procedure, the pyrolysis
and atomization temperatures recommended were 1000 and 2700 °C, respectively. Among the
analytical characteristics for this method are a detection limit of 0.25 μg g-1 and a characteristic
mass of 63 pg. The accuracy of both procedures was confirmed by the determination of vanadium
in the certified reference material NIST SRM 1634c-trace metals in fuel oil.
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Introduction
The determination of metals and non-metals in
petroleum and its derivatives is of great interest regarding
the quality of oil and for environmental aspects. The most
difficult part is usually the sample preparation, the most
reliable procedure being ashing of the sample and analysis
of the residue after taking up in hydrochloric acid. 1
*e-mail: slcf@ufba.br

However, this procedure is quite tedious and requires
careful control to avoid analyte losses, and even
microwave-assisted digestion procedures require relatively
long time.2
Graphite Furnace Atomic Absorption Spectrometry
(GF AAS) is offering advantages over other techniques
since the results from a simple dilution with an organic
solvent and ashing were found to be practically identical.3,4
However, stability of metal concentration in sample and
calibration solutions might become a serious problem
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under these conditions.5,6 The formation and analysis of
an oil-in-water emulsion or microemulsion instead of a
dilution of the oil sample with an organic solvent has been
proposed to avoid this problem.7-11
Fuel oil is a highly viscous residual fraction of
petroleum distillation, containing parafinic, naphthenic,
and aromatic hydrocarbons. It is mainly used in equipment
for heat generation (ovens and boilers), thermal energy
and as raw material for obtaining of diesel, lubricating
oil, coke and asphalt.12
Vanadium is one of the most abundant metals in
petroleum and has been evaluated carefully in order to
reduce problems during the industrial production process,
since it is a catalyst poisoning and causes corrosion.13
Considering the importance of vanadium, several methods
have been proposed for its determination in crude oil14-18
and petroleum products, such as: lubricating oil,19,20 heavy
oil,21,22 diesel and asphaltene,8 naphtha and gas oil,23,24
gasoline.25 The content of vanadium in fuel oil has to be
controlled because it can cause incrustation, corrosion and
also efficiency loss in furnaces and boilers,26 besides its
contribution to the environmental pollution27 and of cause
problems to human health. 28-30 There are few works
developed for the determination of vanadium in fuel oil
using spectroanalytical techniques such as flame atomic
absorption spectrometry (FAAS),31 inductively coupled
plasma optical emission spectrometry (ICP OES), 11
inductively coupled plasma mass spectrometry (ICP-MS),32
and GF AAS.23
In the present paper, two sample treatment approaches
based on sample microemulsification and acid digestion
aiming at the vanadium determination in fuel oil by GF
AAS were established and compared.
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Reagents and solutions
Aqueous vanadium standards were prepared by
sequential dilution of a 1000 mg L-1 atomic absorption
stock solution (Merck, Darmstadt, Germany). Xylene,
propan-1-ol, MIBK, hydrogen peroxide, and concentrated
nitric and sulfuric acids of suprapur quality (Merck) were
used. Ultrapure water was obtained from an Easypure RF
water purification system (18.3 MΩ cm, Barnstedt,
Dubuque, IA, USA).
Laboratory glassware was kept overnight in 10%
(v/v) nitric acid solution. Before use the glassware was
rinsed with deionized water and dried in a dust-free
environment.
The standard reference material SRM 1634c trace
metals in fuel oil (National Institute Standards and
Tecnology, NIST) was used to check the accuracy.
Preparation of microemulsions
The composition and mode of preparation of the
microemulsion was based on previous work described
by Aucélio and Curtius.33 About 0.1 g of the sample or
base mineral oil (in case of the blank) was dissolved in
2.0 mL of xylene to reduce the viscosity. An aliquot of
0.5 mL of concentrated nitric acid was added and the
mixture placed in an ultrasonic bath for 5 min. Then,
0.5 mL of water and 2.0 mL of MIBK were added, and
completed to 10.0 mL with propanol. The mixture was
then vigorously shaken, for 1 min, in order to mix the
components and a one-phase micro-emulsion was
obtained. All calibration solutions were prepared in the
same way as microemulsions using inorganic standards
and base mineral oil.

Experimental
Acid digestion procedure
Instrumentation
All experiments were carried out using a Varian Model
Spectra AA 220Z electrothermal atomic absorption
spectrometer with Zeeman-effect background correction,
equipped with a Model PSD 100 auto sampler. Pyrolytic
graphite coated tubes without platform, were used
throughout. Argon 99.996% was used as the purge gas.
The vanadium hollow cathode lamp (Varian) was operated
with a current of 20 mA, and the analytical line at 318.5
nm was used with a spectral bandwidth of 0.2 nm. An
Ultrasonic Benchtop Cleaner VWR Model 75 D (Cortland,
New York, USA) was used for microemulsion preparation.
The sample acid digestion was carried out in a hot-plate
QUIMIS model Q 313/22 (Diadema, São Paulo).

A mass of 0.1 g of the sample was weighed in 250
mL Erlenmeyer and 1 mL of concentrated sulfuric acid
were added and heated to 170 ± 10 °C in hot plate for
30 min. Then, 1.0 mL of concentrated nitric acid was
added, maintaining the heating for 20 min. Finally, 1.0
mL of 30% (v/v) hydrogen peroxide was added to
complete the digestion. The digested content,
approximately 1.5 mL, was left to cool down to room
temperature, quantitatively transferred to volumetric
flask and diluted to a final volume of 10 mL with
ultrapure water. Base mineral oil submitted to the same
procedure was used as blank. All calibration solutions
were prepared by dilution of aqueous vanadium stock
standard solution in digested blank.
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Temperature program
Pyrolysis and atomization curves were established
for the microemulsified samples and acid digested
samples to optimize these temperatures. The drying
time, drying temperature, pyrolysis time, gas flow and
clean step were fixed as recommended by the
instrument manufacturer for each matrix type, and are
listed in Table 1. Integrated absorbance (peak area)
was used exclusively for signal evaluation and
quantification.

Results and Discussion
Temperature curves
The pyrolysis and atomization curves for fuel oil
sample in microemulsion and after digestion are shown
in Figure 1. Vanadium was stable up to a pyrolysis
temperature of 1600 ºC. Considering the organic load in
the matrix, a pyrolysis temperature of 1500 ºC for
microemulsions was established to guarantee the
complete elimination of the matrix without loss of signal.
For the digested samples the temperature was fixed in
1000 ºC, considering the pyrolysis curve and the
recommendation of the instrument manufacturer for this
matrix type. An atomization temperature of 2700 ºC was
used for both methods, which is in agreement with
literature data for longitudinally heated graphite tubes.34
The optimized graphite furnace temperature program is
given in Table 1.

J. Braz. Chem. Soc.

The method based on direct analysis of the sample
in microemulsion showed a linear response from 0.3 μg
g-1 to at least 30 μg g-1 with a correlation coefficient of
0.9989. The repeatability, expressed as relative standard
deviation (RSD%) for eight consecutive measurements
of solutions containing 5.0 and 20 μg g-1 of vanadium
was 1.9% and 0.8%, respectively. The limit of detection
(LOD), based on three times the standard deviation of
the blank signals (n=8), the limit of quantification
(LOQ), based on ten times the standard deviation of
the blank signals (n=8), and characteristic mass (m0)
were 0.10 μg g-1, 0.3 μg g-1 and 87 pg, respectively.
The calibration curves for inorganic vanadium
standards in digested blank showed a linear response
from 0.8 μg g -1 to 30 μg g -1 with a correlation
coefficient of 0.9978. The repeatability was 5.1% and
5.0%, respectively, for solutions containing 5.0 and
20 μg g-1 of vanadium. The limit of detection, limit of
quantification and characteristic mass were 0.25 μg
g-1, 0.8 μg g -1 and 63 pg, respectively.

Analytical characteristics
The linear regression equations, the correlation
coefficient, the characteristic mass and limit of detection
for the two sample preparation procedures are presented
in Table 2.

Figure 1. Pyrolysis and atomization curves for an estimated content (18 μg
g-1) of vanadium in fuel oil sample prepared in (z) microemulsion and (U)
after acid digestion procedure.

Table 1. Graphite furnace temperature program for determination of vanadium in fuel oil samples using microemulsions and acid digested samples
Cycle

Drying

Pyrolysis

Atomization
Cleaning

Step

1
2
3
4
5
6
7
8
9

Microemulsion

Digestion

Flow rate /

T / ºC

time / s

T / ºC

time / s

(L min-1)

90
150
250
1500
1500
1500
2700
2700
2800

10
15
30
10
30
2
1.0
2.0
3.0

85
95
120
1000
1000
1000
2700
2700
2800

5.0
10.0
10.0
5.0
10.0
2.0
1.0
2.0
3.0

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
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Table 2. Analytical characteristics for determination of vanadium in fuel oil using microemulsions and acid digestion of samples
Method

Linear regression equation

Microemulsion
Acid digestion

A = 0.00164 + 0.01268 [V / μg g ]
A = 0.0105 + 0.01796 [V / μg g–1]
–1

R

LOD / (μg g–1)

m0 / pg

0.9989
0.9978

0.10
0.25

87
63

Table 3. Vanadium concentration (mg g–1) in certified reference material NIST 1634c trace elements in fuel oil, determined by proposed procedures (n=3)
Method

Vanadium concentration

t-calculated

Certified value (mean ± S.D.*)

Found value (mean ± S.D.)

28.19 ± 0.4
28.19 ± 0.4

29.0 ± 2.5
27.6 ± 0.56

Microemulsion
Acid digestion

+0.56
–1.82

*Standard deviation.
Table 4. Results found for vanadium determination (mg g–1) in fuel oil samples by reference method and proposed procedures (n=3)
Sample

OCB
OCA 1
OCA 2

Reference

Microemulsion

Acid digestion

method*

Found value

t-calculated

Found value

t-calculated

18
8
10

19.3 ± 0.69
7.75 ± 1.1
11.1 ± 0.81

+ 3.3
–0.39
+ 2.4

17.3 ± 0.25
11.0 ± 0.58

–4.8
+ 3.0

*Results achieved using a reference method.35

Accuracy of the methods and application
The accuracy of the methods was evaluated by the
analysis of the certified reference material NIST 1634c
Traces Elements in Fuel Oil. The results obtained with both
methods are shown in Table 3. Statistical evaluation using
a t-student test showed that there is no significant difference
between the values obtained from the proposed methods
and the certified value, adopting a 95% confidence level.
The methods were applied to determine the
concentration of vanadium in three fuel oil samples, one of
fuel oil with low content of sulphur (OCB), and two of fuel
oil with high content of sulphur (OCA 1 and OCA 2). The
vanadium content of which has been determined previously
in a different laboratory, using a reference method based in
open vessel acid digestion on hot plate until drying,
throughout calcinations in oven muffle about 12 h followed
of acid dissolution and determination of vanadium by
FAAS.35 The results are presented in Table 4. The statistical
comparison by t-student test showed no significant difference
between the methods on a 95% confidence level.

AAS. The use of the standard calibration technique with
microemulsions, prepared using inorganic standards and
base mineral oil makes the procedure quite simple and
fast. The results demonstrated that the methods could be
satisfactorily applied for analysis of fuel oil samples.
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