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A method has been developed for the direct determination of copper in petroleum condensate using
detergentless micro-emulsions (three-component solutions) and graphite furnace atomic absorption
spectrometry. The optimization was performed using a three-level full factorial design, resulting in pyrolysis
and atomization temperatures of 920 1C and 2600 1C, respectively. Using the secondary copper line at 327.4
nm, which is less affected by the magnetic field of the Zeeman-effect background correction system, a
characteristic mass of 39 pg, and detection limit of 0.4 mg l�1 was obtained using 20 ml of micro-emulsion,
which corresponds to 1.2 mg l�1 in petroleum condensate. The precision, expressed as relative standard
deviation, was 2.0% or 2.8% for copper concentrations of 30 mg l�1 and 5.0 mg l�1, respectively. The spike
recovery of 105% for copper added to a petroleum condensate sample proved that this procedure could be
applied satisfactorily to a determination in this matrix.

Multivariate techniques of experimental design have been
increasingly applied for the optimization of analytical meth-
ods.1–6 Among these, the full three-level factorial design (3k)
has been little used because it requires quite a number of
experiments if the factor number is higher than 2.7 Never-
theless, several procedures have been established for graphite
furnace atomic absorption spectrometry (GF-AAS) using these
multivariate techniques.8–13

Copper has an extremely strong poisoning effect upon
catalysts used in the petroleum industry, particularly on cata-
lysts based on platinum and palladium, reducing their activity
and selectivity.14 Copper forms permanent and irreversible
compounds with the catalyst, deactivating its active sites.14

Because of the importance of copper as a catalyst poison,
rapid and reliable methods are required for its determination in
a variety of petrochemical products, such as condensate. A
direct procedure is proposed using detergentless micro-emul-
sions and determination by GF-AAS. The optimization of the
instrumental conditions of the method was performed using a
full three-level factorial design (32).

Experimental

Apparatus

All experiments were carried out using a Varian Model Spectra
AA220Z electrothermal atomic absorption spectrometer with
Zeeman-effect background correction, equipped with a Model
PSD 100 auto sampler. Graphite tubes with an integrated
platform that is attached to the tube at only one point were
used, providing minimal contact with the tube and more uni-
form heating. Argon 99.998% (White Martins, Brazil) was
used as the purge gas. The copper hollow cathode lamp

(UltrAA lamp, Varian) was operated with a current of 4.0
mA, and the analytical line at 327.4 nm was used with a
spectral bandwidth of 0.5 nm.

Reagents and solutions

Copper base oil standard of 1000 mg kg�1 was supplied by
Conostan (Conostan Oil Analysis Standards, Ponca City, OK,
USA). A copper stock standard solution of 1000 mg l�1 was
prepared using propan-1-ol (Merck, Darmstadt, Germany) as
solvent.

Samples

The petroleum condensate samples were collected from the raw
material storage tank or directly from the ship in a clean
borosilicate bottle and stored at 4 1C prior to the analysis,
which was usually performed within 3 d. The cleaning process
of sampling apparatus involved nitric acid and water washings
and drying in an oven at 100 1C.

Preparation of micro-emulsions

The detergentless micro-emulsion15 was prepared by mixing 3
ml of petroleum condensate with 5 ml of propan-1-ol and 600
ml of 0.1% nitric acid solution, and completed to 10 ml with
propanol. The mixture was then vigorously shaken in order to
mix the components and a one-phase transparent micro-emul-
sion was obtained. All calibration solutions for the calibration
curves and for analyte addition, using inorganic and organic
standards, were prepared in the same way as micro-emulsions.
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Optimization of instrumental conditions

The optimization was carried out using a full three-level
factorial design, involving the variables pyrolysis temperature
and atomization temperature. The experimental conditions of
sample volume of 20 ml, drying time, drying temperature,
pyrolysis time, gas flow and clean step were fixed as recom-
mended by the instrument manufacturer, and are listed in
Table 1. A full three-level factorial design was performed in
order to determine the critical conditions of the method, which
was carried out in random order. Duplicates of each point were
performed to compute experimental variance. The analytical
response was integrated absorbance (peak area). The experi-
mental data were processed using the STATISTICA computer
program.16

Results and discussion

Optimization of the experimental conditions

A response surface methodology using three-level factorial
design was performed, involving the following factors: pyro-
lysis temperature (varied from 800 1C to 1200 1C) and atomi-
zation temperature (from 2400 1C to 2600 1C). Table 2
describes the experiments performed considering the coded
and real values and the analytical signals for copper determi-
nation. The relation between pyrolysis temperature (PyT),
atomization temperature (AT) and analytical signal (AS),
considering the coded values, is illustrated by the equation:

(AS) ¼ 0.1402 þ 0.0172(AT) � 0.004 338(AT)2 � 0.

005 044(PyT) � 0.010 56 (PyT)2 � 0.001 588(AT) (PyT)

The derivation of this equation as (AT) and (PyT) results in the
equation system:

d(AS)/d(PyT) ¼ �0.005 044 � 0.021 12(PyT) � 0.001 588(AT)

d(AS)/d(AT) ¼ 0.0172 � 0.001 588(PyT) � 0.008 676(AT)

The resolution of this equation system results in a maximum
point, which is �0.3927 for the pyrolysis temperature, and

2.054 for the atomization temperature. These results as real
values indicate 921 1C for the pyrolysis temperature and of
2705 1C for the atomization temperature. At these conditions,
the analytical signal predicted is 0.1588. The correlation coeffi-
cient for predicted values using the model equation obtained in
the optimization and experimental values is 0.983. The re-
sponse surface for the real values is shown in Fig. 1. In it can be
seen that the pyrolysis temperature is very robust in the range
studied.
The atomization temperature achieved in the optimization

step was very high, but it was found suitable to have an
atomization temperature of 2600 1C, considering also the
results obtained in the three-level factorial design.

Robustness test

The robustness17,18 of the method (defined as the measure of its
capacity to reproduce results when the procedure is performed
under small changes in the nominal values established) was
also evaluated. This test was carried out bearing in mind the
experimental conditions: pyrolysis temperature of 920 1C and
atomization temperature of 2600 1C. For this test, was used a
two-level full factorial design involving these variables, cen-
tered on the experimental conditions described in Table 3. The
Analysis of Variance (ANOVA) was used for interpretation of
the data from this experiment, and the results demonstrate that
this procedure is robust for a variation of (�50 1C) for the
variables pyrolysis temperature and atomization temperature.

Analytical figures of merit

The calibration equations using organic and aqueous stan-
dards, and for the analyte addition in petroleum condensate

Table 1 Graphite furnace temperature program

Cycle Step Temperature/1C Time/s Flow/l min�1

Drying 1 85 5.0 3.0

2 95 10.0 3.0

3 120 10.0 3.0

Pyrolysis 4 920 5.0 3.0

5 920 12.0 3.0

6 920 3.0 0.0

Atomization 7 2600 1.0 0.0

8 2600 2.0 0.0

Cleaning 9 2700 2.0 3.0

Table 2 Matrix of the three-level factorial design

Experiment (AT)a (PyT)a Analytical signal

1 2400 (�1) 800 (�1) 0.1091/0.1066

2 2400 (�1) 1000 (0) 0.1272/0.1233

3 2400 (�1) 1200 (þ1) 0.1008/0.1024

4 2500 (0) 800 (�1) 0.1419/0.1339

5 2500 (0) 1000 (0) 0.1340/0.1358

6 2500 (0) 1200 (þ1) 0.1287/0.1244

7 2600 (þ1) 800 (�1) 0.1510/0.1479

8 2600 (þ1) 1000 (0) 0.1511/0.1522

9 2600 (þ1) 1200 (þ1) 0.1370/0.1367

a (AT), atomization temperature. (PyT), pyrolysis temperature.

Fig. 1 Response surface for optimization of the pyrolysis and atomi-
zation temperatures.

Table 3 Two-level full factorial design performed in the robustness

test

Experiment (AT)a (PyT)a Analytical signal

1 870 2550 0.1410

2 870 2650 0.1404

3 970 2550 0.1409

4 970 2650 0.1484

5 920 2600 0.1405/0.1417/0.1425

a (AT), atomization temperature. (PyT), pyrolysis temperature.
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samples, using optimized conditions, are shown in Table 4. The
slopes of the calibration curve using the organic standard and
of the analyte addition curve using the same organic standard
are very similar. This means that copper in petroleum con-
densate can be directly determined using the standard calibra-
tion technique with organic standards. The sensitivity obtained
for copper in the calibration solution using inorganic standard
prepared as a micro-emulsion was about twice as high, which
means that these standards could not be used for calibration
purposes. The calibration curves for copper using organic
standards in propan-1-ol showed a linear response from 1.4
mg l�1 to 50 mg l�1, with a correlation coefficient of 0.9972. The
precision calculated from fifteen consecutive measurements
and defined as the coefficient of variation of solutions contain-
ing 5.0 mg l�1 and 30 mg l�1 of copper were 2.8% and 2.0%,
respectively. The limit of detection (LOD), defined as the
copper concentration that gives a response equivalent to three
times the standard deviation (s) of the blank (n ¼ 10), was
found to be 0.41 mg l�1. The characteristics mass was 39 pg.

Application—copper determination in petroleum condensate

Petroleum condensate is a fraction of petroleum comprised of
hundreds of hydrocarbon compounds, with a distillation range
usually from 30 to 330 1C, which has been used to substitute
naphtha in the petrochemical industry for producing a wide
range of chemical products.19

Finally, a petroleum condensate was analyzed, the copper
content of which had been determined previously in a different
laboratory, using direct GFAAS. The value found there was
12.0� 1.7 mg l�1, which is within the range of 2–20 mg l�1 of Cu
normally found in this type of sample. Using the proposed
procedure values of 13.2� 0.4 mg l�1 and 13.8� 0.6 mg l�1 were
obtained using the standard calibration and analyte addition

techniques, respectively. Spiking the petroleum condensate
with 15.0 mg l�1 Cu resulted in a value of 28.9 mg l�1.
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Table 4 Calibration equations and correlation coefficients for copper

determination in petroleum condensate using micro-emulsions

Calibration Equation

Correlation

coefficient

Analyte addition technique

using organic standard

Y ¼ 0.002 40X þ 0.0328 0.9920

Analytical curve using

organic standard

Y ¼ 0.002 25X þ 0.0033 0.9972

Analytical curve using

inorganic standard

Y ¼ 0.0043X þ 0.0107 0.9994

Analyte addition technique

using inorganic standard

Y ¼ 0.0036X þ 0.0349 0.9949
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