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Abstract

In the present work, four trace metals, V, Ni, Cu and Fe, have been determined in five crude oil
samples of Eastern Baghdad area, Iraq by flame atomic absorption spectrophotometry. The crude
oils are characterized with API gravity values in the range, 25 - 15. The V/Ni ratios for the studied
crudes were in the range 3.7 to 5.4 and indicated a typical of the sapropelic-type organic matter.
The Ni and V contents were correlated with API gravity where an increase of metal contents with
the decrease in the API values could be observed. The plots of V and Ni versus sulfur indicated li-
near correlation. This is attributed to the increase of porphyrinic structures of the metals. The
method of direct dilution (DD) with organic solvent and the standard addition (SA) were evaluated
as compared with standard dry ashing-acid dissolution (DA). In most cases the DD method gave V
and Ni concentrations that are higher than DA and for the heavier crude oil (API = 15) the DD re-
sults were significantly smaller than those of the DA method. The SA method can be a good solu-
tion to determine the trace metals in heavy crude oils provided that the addition must not exceed
the levels of the metal concentration in the diluted samples.

Keywords

Crude 0il Analysis, Atomic Absorption, Trace Metals, Analytical Procedures

1. Introduction
The determination of metals in crude oils and its products is important for exploration, production and refining
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purposes. The distribution of trace metals in crude oils may be utilized to clarify potential genetic relationships
between oils obtained from reservoirs in specific geologic provinces [1]. Hitchon and Filby [2] used trace ele-
ments for the classification of crude oils from similar lithostratigraphic situations into families. The trace metal
composition was often employed to distinguish crude oils of various origins in problems of marine pollution [3].
Environmental site assessment studies of locations contaminated with petroleum products are often supported by
heavy metal analysis to estimate the extent of pollution [4]. The heavy metal contents of crude oils are often
correlated with percentages of light, middle, heavy and residual fractions of crude oils [5]. For heavy crude oil
upgrading, the high metals levels necessitate the processing to be costly, either through the high costs of hydro-
gen addition or high yield loss due to carbon rejection [6]. This process in turn requires the availability of relia-
ble method for metal determination.

Trace metal contents of crude oils can be determined by various methods including pulse polarography [3],
neutron activation [1] [7], proton induced X-ray emission [8], high performance liquid chromatography, [9] and
atomic absorption spectrophotometry, AAS [10]. Induced coupled plasma emission, ICP allows simultaneous
determination of many elements but suffers from severe matrix interferences due to plasma interactions [11].
Moreover, the cost of the system is relatively high and the requirements may not be available in many laborato-
ries. Many methods were introduced to overcome such problems encountered with the organic injection by im-
proving the nebulization system [12], using electrothermal vaporization [13] and improvement of sample treat-
ment [14].

The AAS is the most widely used method regarding simplicity and cost of the instrumentation requirements.
Bettinelli and Tittarelli, [15], carried out a comparison between flame atomic absorption with other instrumental
techniques for the determination of metals in fuel oil and concluded that the precision, repeatability and repro-
ducibility of the flame direct method showed improvement on comparison with the precision data given by the
Institute of Petroleum (IP) 288 method. Several procedures were developed for the introduction of crude oil
samples to the atomization system [10] [16]-[18]. Brandao, et al., [19] used palladium with triton —x-100 as a
modifier to enable the direct introduction of petroleum into electrothermal atomization, ETA, for the determina-
tion of copper, iron and vanadium and the limits of detection were 10, 200 and 800 pg, respectively.

Barbooti et al., [20], used silica gel as a stabilizer for the used lubricating oils during the acid digestion and
reference was made to inorganic standards solution to determine wear metals. Udoh et al., [21] used p-xylene-
sulphonic acid ashing procedure for the mineralization of crude oil samples to be analyzed for Ca, Cu, Fe, Mg,
Na, Ni and Zn. The method prevented the loss of material during ashing. Osuji and Onojake, [18], employed di-
thionite-citrate carbonate for the pre-extraction of Ni, V, Cu, Cd, and Pb and analyzed them by AAS to over-
come matrix interferences. Kowalewska, [22] found that the application of Pd as a chemical modifier (xylene
solution of Pd(I1) acetylacetonate) seemed to be crucial in the determination of vanadium in crude oils by ETA
AAS when it was introduced to a furnace together with a sample. Dittert, et al., [23], used a continuum source
radiation for the simultaneous determination of Cr and Fe in crude oil with furnace atomization atomic absorp-
tion. The sample pretreatment was simple and involved homogenization in an ultrasonic bath. Sedykh, et al., [24]
employed autoclave digestion with a mixture of nitric acid and hydrogen peroxide and the method was applica-
ble over a wide range of V and Ni contents. More recently, Ortega et al., [25] tested microwave digestion based
on maximum temperature and pressure programs (ranging from 220°C and 40 bar to ~1400°C and 80 bar) and
compared them with a digestion method in the High Pressure Asher (HPA-S) autoclave. They found that in-
creasing the temperature and pressure by 40° and 20 bar, improved the digestion and allowed an increase in the
sample size and therefore the detection limits.

The purpose of the present work is to determine V, Ni, Cu and Fe in some newly explorated heavy crude oils
of the Eastern Baghdad area and correlation of the results with other basic characteristics of crude oils like API
gravity and sulfur contents. Also, the analytical procedures employed for samples preparation in flame AAS de-
termination of metals in crude oils are evaluated.

2. Materials and Methods
2.1. Apparatus

The AAS measurements were carried out on a Pye-Unicam SP 9 atomic absorption spectrophotometer set at the
conditions specified in Table 1. The sulfur contents were determined using a LAB-X 100 of radio-isotope ex-
cited X-ray fluorescence in accordance with the standard method IP-336 method [26]. The relative density, API,
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gravity, following the American Petroleum Institute, were determined by the hydrometer method (PM-B-4) ac-
cording to the standard method IP 160 [27]. The sulfur contents and the API gravity values are listed in Table 2.

2.2. Materials

All chemicals were of analytical grade. The AAS standard solutions, 1000 ug-mL ™, were purchased from Merck.
The five crude oil samples were supplied by the Iraqi National Oil company to represent the Eastern Baghdad
region and are studied for the first time for trace metals. The i-propanol was a Merck spectroscopic grade rea-
gent. The white spirit was purchased from a local refinery.

2.3. Procedures

2.3.1. Dry Ashing-Acid Dissolution (DA Method)

Accurately about 1-3 g of the crude oil samples were weighed in porcelain crucibles and heated on a hot plate at
~130°C for 4-5 h. Sulfuric acid was added (1 - 3 mLs and charring was performed at 180°C. samples were then
ashed in a muffle furnace at 550°C for about 6 h. The ash was taken with 5 mL of HCI with some warming and
the material was transferred into calibrated flasks and diluted to the mark with deionized water.

2.3.2. Direct Dilution (DD Method)
The direct dilution of crude oil samples was done using an organic solvent which is a mixture of 90% petroleum
spirit and 10% iso-propanol [28].

2.3.3. Standard Addition (SA Method)

Three of the crude oils were chosen, 1, 3 and 5 to show the effect of density (API gravity, 25, 21.5 and 15). The
appropriate weight of oils were diluted by the organic solvent and used as stock solutions, six equal aliquots
were placed in 10-mL calibrated flasks, and to five of them different additions of V and Ni standard solutions
were applied to get five different concentrations of V and Ni. The six solutions were completed to the mark with
the organic solvent mixture above.

3. Results and Discussion

The trace metal contents of the crude oil samples were determined following their DA in triplicates and shown

Table 1. Operating parameters for flame atomic absorption spectrophotometer.

Parameter \% Ni Cu Fe
Wavelength, nm 3185 232.0 324.8 248.3
Flame Type N20/Acetylene Air/Acetylene Air/Acetylene Air/Acetylene
Background Correction No Yes No Yes
Lamp Current, mA 12 10 3 9
Range of Calibration Standards, 2-10 05-50 05-50 05-50
pgmL™ - - -

Table 2. API gravity and sulfur contents of crude oil samples.

Crude Sulfur, % API Gravity”
1 3.85 25.0
2 3.90 22.5
3 4,18 215
4 5.30 19.7
5 7.11 15.0
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in Table 3. The trace metals can be determined with acceptable accuracy and precision by flame atomic absorp-
tion. However, the values of Ni concentration were the best in accuracy among the group of metals of interest.
The average values of the results will be employed as reference values of the trace metal content in the coming
discussion and using Ni and V as test elements.

The crude oil samples are characterized with a dominance of V over Ni with a V/Ni ratio of 3.7 to 5.4 which
is indicative of typical of the sapropelic-type organic matter generating oil [24]. Such range of V/Ni ratio is typ-
ical of Arab crude oils [29]. The V and Ni contents were correlated with the API gravity values for the studied
crude oils (Figure 1). Both metals are related with API gravity with a power equation and the correlation coeffi-
cients were 0.8845 and 0.9794, respectively.

V, ppm =107602/(API)"* (1)

Ni, ppm =11243/(API)’ @)

An increase of V and Ni content can be observed with the decrease of API value (Figure 1) which may be at-
tributed to the increase of porphyrinic structures of the metals [29]. The decrease in vanadium contents reflects
the maturation of the crude oil and not related to variations in source rocks [30].
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Figure 1. Correlation of API gravity with vanadium content (a) and nickel content (b) of crude oils.

Table 3. Trace metal contents of crude oils treated by DA method, pg-mL ™.

Crude oil Parameter \% Ni Cu Fe

(Average) 81.78 17.28 412 25.06

1 SD (+/-) 0.992 1.128 0.130 0.760
RSD (+/- %) 121 6.53 3.15 3.03

(Average) 109.9 24.26 3.68 1.56

2 SD (+/-) 3.438 0.760 0.217 0.055
RSD (+/- %) 3.13 3.13 5.89 3.52

(Average) 115.82 24.48 3.04 2.94

3 SD (+/-) 3.345 0.576 0.260 0.498
RSD (+/- %) 2.88 2.35 8.5 16.93

(Average) 102.0 27.42 23 12.38
4 SD (+/-) 6.001 0.855 0.173 1.136
RSD (+/- %) 5.88 3.13 7.53 9.17
(Average) 2724 50.4 7.2 16.76
5 SD (+/-) 5.683 0.219 0.521 0.747
RSD (+/- %) 2.08 0.43 7.23 4.45
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Figure 2 shows plots of vanadium and nickel versus sulfur contents of the crudes. Both metals have linear
correlation with sulfur with R? values of 0.8154 and 0.913, respectively. The correlation with nicke was better
than that of vanadium, as sulfide ions might tie-up Ni** ions but not the vanadyl ion, VO*" ions) [31].

The crude oil samples prepared by the DD method are nebulized directly into the AAS flames. The results are
given in Table 4. Except for crude oil No. 5, which showed significantly smaller values than those of DA me-
thod (25% less for V and 30% less for Ni), the obtainable metal contents were somewhat higher than the DA
results. The directly diluted samples were left for 48 h to allow for complete precipitation. The solutions were
then nebulized without shaking in order to enable the soluble matter to find their way to the flame. The concen-
tration of V and Ni were measured and the results were less than those previously obtained (Table 4). Thus, the
absorption signals of the diluted samples were due partially to AA and due to some scattering of light, which
exceeds the capability of the background corrector system employed. This was checked by switching off the
deuterium lamp and measuring the AAS signals of Ni, in which they were almost double of those of the DD
method with background correction. On the other hand, the crude oils under investigation were characterized by
the existence of ~70% of V and ~50% of Ni in non-porphyrinic forms [32]. On this basis several atomization
mechanisms will be involved in those samples, because the various compositions of the organo vanadium and
nickel lead to various responses in AAS analysis [33].

For the sake of studying the standard additions (SA) method, the absorbance values of the prepared solutions
were plotted against concentration of the added standards with the untreated samples standing at zero concentra-
tion as shown in Figure 3 and Figure 4 for nickel and vanadium, respectively. The characteristics of the plots
are shown in Table 4. The figures also show the calibration graphs of Ni and V. For vanadium, the slope of the
SA curve was slightly higher than that of the calibration graph as regard to the high API gravity crude oil. This
indicates that vanadium exists mostly in organic forms in these crude oils which make the homogenization with
the calibration standard easier. Whereas, for the heaviest crude oil 5 (API 15), the SA curve showed negative
deviation towards the concentration axis and lower slope as a result of less atomization efficiency. The SA
curves were extrapolated and the concentration values of the solutions were estimated. The results were in rea-
sonable agreement with those of the DA (Table 5). Meanwhile, they were smaller than those for the DD for the
high API gravity crudes and higher for the heaviest crude. Thus, the heavy crude oil shows a strong matrix effect
on the atomization of V compounds and resulted in low values of concentration. Also, the added V is absorbed
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Figure 2. Correlation of sulfur content with vanadium content (a) and nickel content (b) of crude oils.

Table 4. Characteristics of calibration and standard additions curves for V and Ni in Heavy crude oils.

Crude Oil Vanadium Nickel
Slope Correlation Coefficient, R? Slope Correlation Coefficient, R?
Calibration Curve 0.006 0.9989 0.0636 0.9952
Crude Oil 1 0.007 0.9977 0.0517 0.9965
Crude Oil 3 0.0067 0.9986 0.0517 0.9972
Crude Oil 5 0.0043 0.987 0.0438 0.9994




M. M. Barbooti

03 S
Callbratlon Graph y =0.063x +0.001 o H%geﬂide—li
0 P R7=0995_— ¥ 025 y=0.051x +0.037
R?= OV
2 o2 * o 0 -
© / 9 s /
£ o1 & 015
o / = /
2 0.1 / § 01 /./.,
0.05 P 2 005
0 ./0‘
0 1 2 3 4 5 1 o 1 ) 3 4 5
Ni Concentration, ug.ml? Ni Concentration, pg.ml?
(a) (b)
03 Crude 3 025 Crude 5
025 y = 0.051x +0.036 y=0.043x +0.045_m
el R?=0.997 0:2 e
g 0.2 N / K/g;?y
S / S 0.15
e} 0-15 c . /./
2 0.15 c
3 / 2 0:1
02 2 01
0 01 °
< Pl 2 Pl
0.05 . -
&0 ‘ 0
-1 0 1 2 3 4 5 2 -1 1 2 3 4 5
0.05
Ni Concentration, pg.ml? Ni Concentration, pug.ml?

(c) (d)

Figure 3. Standard addition of Nickel, (a) calibration graph; (b), (c) and (d) are Standard addition curves for crude oils 1, 3
and 5, respectively.

Table 5. Vanadium and nickel contents of the crude oils by different methods, pg-mL ™.

DA Method DD Method SA Method
Crude Qil
\Y/ Ni \Y/ Ni \Y/ Ni
1 81.8 17.28 85.1 18.1 83.0 18.0
2 109.9 24.26 120 24.3 110.2 24.0
3 115.8 24.48 118.0 23.6 1145 24.8
4 102.0 27.42 120.0 30.2 105.5 27.6
5 272.4 50.4 278.0 37.0 255.9 455

by the heavy matrix and the atomization could be partially inhibited.

For Ni, there was a significant difference in the slopes of the calibration graph and the SA curves (Table 4).
The three curves dissect the calibration graph at different concentration levels, 2.6, 2.4 and 2.0 pg-mL ™" corres-
ponding crude oils of API 25, 21.5 and 15 respectively. The heavier the crude oil, the less was the slope of the
standard addition curve (see curve D in Figure 3). The atomization efficiency is lower for the heavy crude oils
in comparison with the calibration standards. The heavier the crude oil the greater would be the suppression of
the AAS signal. Thus, we have an evidence that vanadium organic fraction is more than nickel organic form in
the heavy crude oils which resulted in such significant differences in metal atomization.

Standard addition was also recommended by Lienemann, et al., [34], who used ultrasonic nebulization for the
direct introduction of crude oil samples to the ICP-OES after simple dilution to overcome the petroleum matrix
problems.

4. Conclusion

The problems encountered in the analysis of organic solutions of the crude oils by AAS are matrix problems
caused by organic and inorganic nature of petroleum. Some authors recommended the use of metallo-organic
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Figure 4. Standard addition of vanadium, (a) calibration graph; (b), (c) and (d) are Standard addition curves for crude oils 1,
3 and 5, respectively.

compounds for the preparation of standard solutions and others used asphaltine concentrate separated from
heavy crude oil high in Ni and V contents. The standard addition method could be an acceptable solution to
overcoming the strong matrix interference of heavy crude oils provided that the amount of the added standard is
optimized not to exceed the levels of Ni and V in the diluted samples.
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