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Isolation and Characterization of Metalloporphyrins 
from a Heavy Crude Oil by Soxhlet Adsorption 
Chromatography and HPLC-SEC 

F. YSAMBERTT,* N. MARQUEZ,* B. RANGEL, and R. BAUZA 
LABORATORIO DE PETROQU~MICA-S~NTESIS Y ANALISIS DE SURFACTANTES 

C. DE LA CRUZ 
LABORATORIO DE ESPECTROSCOP~A MOLECULAR Y ATOMICA 

UNIVERSIDAD DE LOS ANDES 
MERIDA 5101, VENEZUELA 

ABSTRACT 

An extraction and purification method for the isolation of metalloporphyrins 
from a heavy crude oil is reported. The metalloporphyrins are extracted from a 
Boscfin crude oil by a Soxhlet extraction method and monitored by UV-Vis and 
graphite furnace atomic absorption (GFAA) spectroscopies. The first fraction is 
extracted with methanol and the second one with acetonitrile; both fractions are 
purified by adsorption chromatography using hexane/benzene and dimethylform- 
amideibenzene mixtures to isolate the metalloporphyrin species according to their 
polarities. HPLC fractionation and SEC molecular weight distribution techniques 
are combined to characterize these fractions. 

Key Words. 
phyrins; Adsorption chromatography 

Soxhlet extraction; Heavy crude oil; Metallopor- 

INTRODUCTION 

Vanadium and nickel usually occur in high amounts in heavy crude oils 
from different regions of the world (1, 2). They are found as chelated 
complexes with porphyrins as well as  nonporphyrins (3-5). These com- 
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2540 YSAMBERTT ET AL. 

pounds are known to cause unfavorable effects during standard refinery 
operations. 

Some authors (6-8) have reported that high performance liquid chroma- 
tography (HPLC) on silica gel columns allows for the separation of por- 
phyrin mixtures and results in “fingerprinting” of the distribution of these 
compounds in nature. HPLC has also been combined with graphite fur- 
nace atomic absorption (GFAA) spectrometry by Fish et al. (9) to provide 
both a vanadium fingerprint and a molecular weight characterization of 
vanadyl-porphyrin and nonporphyrin compounds occurring in heavy 
crude oils. An alternate method for the separation and molecular weight 
characterization of these compounds is by the size exclusion chromatogra- 
phy (SEC) technique. However, the application of SEC to this field has 
been basically restricted to the gathering of information about organic 
components (10-12). 

A new method for extracting and separating vanadium and nickel por- 
phyrins from heavy crude oil is reported here. Soxhlet extraction and 
adsorption chromatography are used to separate several fractions, which 
are then characterized by HPLC, SEC, and GFAA spectrometry. 

EXPERIMENTAL 

Material 

The heavy crude oil (10.3’ API gravity) comes from the Boscan Field 
near Maracaibo, Venezuela. All solvents were of the highest purity 
available, 

Separation Method 

A sample of heavy crude oil was first dissolved in 30 mL chloroform; 
this solution was used to impregnate 20 g neutral alumina (80-200 mesh, 
Fisher) to form a slurry which was dried by blowing nitrogen through the 
bed. The resultant powder was placed in a cellulose thimble (30 x 80 mm 
Whatman 2800308) of a Soxhlet extractor (37 x 250 mm, Corning 3840- 
M). The first extraction, which was performed with methanol (J. T, 
Baker), yielded an orange fraction (Fraction 1 ) .  The second extraction, 
which was carried out with acetonitrile (ACN) (J. T. Baker), yielded a 
dark purple fraction (Fraction 2). The complete experimental procedure 
is showed schematically in Fig. 1. Both fractions were characterized by 
using a Perkin-Elmer Lamda 3B UV-Vis Spectrophotometer and a Varian 
AA-475 Graphite Furnace Atomic Absorption Spectrophotometer (2). 
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(SLURRY CRUDE-ALUMINA) 
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FIG. 1 Separation and purification procedure for petroporphyrins. 

Purification Method 

Fractions 1 and 2 were purified by adsorption chromatography using a 
glass column (300 x 2.2 mm, Pyrex 2145) packed with Silica gel S (70-230 
mesh, Riedel-De Haen). Fraction 1 was extracted with a 80: 20 v/v hexane/ 
benzene mixture (solvent polarity: 0.62); this extract is called Fraction 1A. 
It was then washed with a 20 : 80 v/v dimethylformamide (DMF)/benzene 
mixture (solvent polarity: 5.66); this fraction is called Fraction 1B. The 
same procedure was followed for Fraction 2 to yield Fractions 2A and 
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2B. All extracts were dried, redissolved in acetonitrile, and allowed to 
stand for 24 hours in order to separate maltenes (13). Finally, the solutions 
were filtered on a 0.22-c~m Millipore membrane. 

HPLC and SEC Analyses 

HPLC and SEC separation techniques were carried out with Waters 
equipment which included a universal U6K injector, a 510 solvent delivery 
pump, a 484 UV-Vis detector, and a 745B integrator. The stationary phase 
for HPLC was provided by a p-Bondapack CIS column (2.5 cm x 4.6 mm, 
10 I*), while the mobile phase was either a mixture of ACN/methanol 
(MeOH) 70: 30 or a mixture of ACN/water 85 : 15. SEC analysis were per- 
formed with Ultrastyragel columns (100 and 500 A, 7.8 mm x 30 cm), 
also manufactured by Waters, and a Zorbax-PSM 60s silica column (25 
cm x 6.2 mm). The carrier solvent was HPLC-grade tetrahydrofuran 
(THF). The molecular weight calibration was carried out using polysty- 
rene standards (Waters-Millipore, USA; MW: 418, 550, 946, 2300, 4075, 
and 10,200 daltons). They were prepared as 0.1% p/v in T H F  (Merck, 
HPLC grade). 

RESULTS AND DISCUSSION 

Soxhlet Extraction 

Soxhlet extraction from impregnated alumina leads to the quick and 
unexpensive separation of several extracts with different polarities. It is 
worth noting that the transfer of oil on an alumina powder through the 
slurry drying step enhances the performance of the Soxhlet extraction 
procedure. This result is probably related to good solvent-crude contact. 
As a matter of fact, this method allows for the separation of our Fractions 
1 and 2 which are extracted with methanol and ACN, respectively. 

The UV-Vis spectra of the different extracts exhibit several characteris- 
tics: a Soret band at about 410 nm, a typical feature of all porphyrin 
compounds, and a. and p bands at  570 and 530 nm, respectively, which 
are associated with the porphyrin divalent metal coordination link (14). 

The ACN extracts exhibit stronger bands than the methanol extracts, 
which indicates that the former contains more metalloporphyrin than the 
latter. This difference is supported by the Ni/V analyses carried out by 
GFAAS, as reported in Table 1. 

Adsorption Chromatography 

The hexanehenzene fraction from the methanol extract (Fraction 1A 
in Fig. 1) is yellow while the one coming from the ACN extract (Fraction 
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TABLE 1 
Vanadium (V) and Nickel (Ni) Content in Crude 

Oil and the Different Fractions Analyzed by 
GFAAS 

Soxhlet-MeOH 2.5 14.4 
Soxhlet- ACN 1.6 118.0 
Fraction 1A 5.6 7.5 
Fraction 2A 9.9 103.1 
Fraction 1B 4.1 58.9 
Fraction 2B 19.0 485.2 
Crude oil 64.0 1150.0 

" ppm = mg/kg crude oil. 

2A) is dark yellow. The DMF/benzene fraction from the methanol extract 
is red (Fraction 1B) while the one coming from the ACN extract is an 
intense dark purple (Fraction 2B), a characteristic of porphyrin-vanadium 
complexes. GFAA analyses of these fractions indicate that the extraction 
is not fully quantitative. However, it is selective, with 74% vanadium and 
68% nickel extracted. 

HPLC Analyses 

Preliminary trials with methanol and ACN as the mobile phase exhibited 
poor resolution in the separation of the components of Fractions 1 and 2. 
Enhanced resolution was attained by incorporating water in the solvent 
mixtures. Optimum results were reached with a 85 : 15 ACNlwater mixture 
at a flow rate of 1 mL/min. Figure 2 shows the chromatogram resulting 
from the analyses of Fraction 1 (Fig. 2A) and Fraction 2 (Fig. 2B). Figure 
2(B) exhibits stronger characteristic features of the vanadium-porphyrins 
than does Fig. 2(A). This is supported by the analysis of V and Ni (see 
Table 1). Moreover, Fig. 2 indicates that the methanol extract contains a 
less polar fraction which elutes after 15 minutes than does the ACN ex- 
tract. This is probably due to the presence of both vanadium and nickel 
porphyrins in Fraction 1, with the more polar vanadium-porphyrins eluting 
first. This order of elution was found to apply (15, 16) to polar solvents 
elution on a reverse phase CIS column and GFAA analyses of the sepa- 
rated porphyrins. 

As far as purification is concerned, it was first thought that Fractions 
A (1A and 2A) would contain mostly nickel-porphyrins since they are 
eluted by the less polar solvent mixture, i.e., 80: 20 hexanelbenzene, while 
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Time (fin) 
Conditions: 
Column: p-bondapack 5 
Mobile phase: ACNlwater 85:15 
Flow: 1 mllmin 

Sensitivity: 0.1 AUFS 
il. Detection: 410 nm 

w 

Fractions B (1B and 2B) would contain mostly vanadyl-porphyrins since 
they are eluted by the most polar solvent, i.e., 80:20 DMFbenzene mix- 
ture. In order to detect both types of porphyrin complexes, the spectro- 
photometric detection was carried out at both 397 and 410 nm, which are 
respectively the absorption maxima for nickel- and vanadium-porphyrin 
compounds. 

The first runs on the four fractions were carried out with a 85 : 15 ACNl 
water solvent mixture; they did not exhibit good resolution but instead 
gave wide absorption bands. Since acetonitrile is the solvent of higher 
selectivity, it was kept and the polarity was reduced by substituting water 
with methanol. 

The best separation was attained for Fractions 1B and 2B by using a 
30: 70 methanoYacetonitrile solvent mixture; the corresponding chromato- 
grams are shown on Figs. 3(A) and 3(B). These figures indicate the clear 
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Fraction 1B: 
Column: p-bondapock 
Mobile phase: M e O H I t h  30:70 
Flow: 1 mllmin 
Sensitivity: 0.1 AUF 

Y 

w 
V 
2 
4 a A fr: 

ii h = 410 nm 

4 

4 8 12 16 

Time (min) 
4 8 12 ' 16 

Time [min) 

FIG. 3 HPLC fractionation of Fraction IB. Detection: (A) 410 nm, (B) 397 nm. 

separation of two fractions, one which elutes in less than 6 minutes while 
the other requires between 6 and 10 minutes to exit the column. When 
the detection wavelength was switched from 410 nm (Chromatogram A) 
to 397 nm (Chromatogram B), the signal from the first eluted fraction was 
reduced while that from the other fraction was increased. Figure 4 exhibits 
essentially the same features, although the fraction separation is even 
better than in Fig. 3. 

Both results can be compared with the GFAA data. In effect, Table 1 
indicates that the nickelhanadium concentration is highest in Fraction 
2B; as a consequence, it can be said that acetonitrile extraction is more 
selective, especially for vanadyl-porphyrin compounds. On the other 
hand, comparison of Figs. 2(B) and 4(B) shows that the separation with 
DMF/benzene in the adsorption column allows for the best purification 
of the Soxhlet extract products. 

SEC Analysis 

The best molecular weight distribution (MWD) was attained by using 
a 60s-100 A two columns set which leads to a symmetrical distribution. 
Calibration curves were established with the standards previously men- 
tioned. They showed an exclusion volume of about 10 mL and a permea- 
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Fraction 28: 
Column: p-bondapack C, 
Mobile phase: MeOA/A( 
Flow: 1 mllmin 
Sensitivity: 0.1 AUFS 

0 4  8 12 16 20 

t 30:70 

I 1  

I 4 8 12 16 

Time (min) Time (min) 

HPLC fractionation of Fraction ZB. Detection: (A)  410 nm, (B) 397 nm FIG. 4 

tion volume of 16 mL. The latter was calculated from a run in which a n- 
tetradecane standard was injected. 

The data of Fig. 5 on the molecular weight (MW) of fractions eluted 
with DMFhenzene exhibit good agreement with the reported results (9) of 
about 400 daltons as for calibration carried out with polystyrene standards. 
However, it is important to point out that the molecular weights of Frac- 
tions 1A and 1B eluted by hexanehenzene are rather low when they are 
compared with literature data; this may be due to the presence of nonpor- 
phyrin low molecular weight compounds which are extracted by the less 
polar solvent. Previous mass spectroscopic data corroborate this interpre- 
tation (17). 

Figure 6, which gathers the MWD of the different fractions, leads us 
to formulate the following comments. 

1 .  The more symmetrical and higher signal distributions correspond to 
fractions with the high vanadium content. 

2. Fractions 1A and 2A, which come from elution with hexanehenzene, 
exhibit a widespread MWD, an indication of the lack of purification. 

3. Fraction 1A is actually a mixture according to its bimodal MWD, 
while Fraction 2A exhibits a widespread but symmetrical distribution. 
These results are again in good agreement with the GFAA data (Table 
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Fractions 

FIG. 5 Molecular weights of the different fractions found by SEC. 

l), where it is seen that Fraction 1A contains roughly equal amounts 
of vanadium and nickel while Fraction 2A does not. All these results 
point to the better efficiency of acetonitrile as an extraction solvent 
of the vanadyl-porphyrins. 
Both the average MW and MWD of Fraction 2B closely match the 
results reported by Fish et al. from work on an asphaltenic extract 
from Boschn crude oil. Since Fish et al. used a vanadium-specific 

4. 
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- Fraction 1 

1 10 loo  loo0 loo00 
Molecular Weight 

Conditions: 
Columns: Zorbax 60s-Ultrastyragel lOOA 
Mobile phase: THF 
Flow: 1 ml/min 
Detection: 400 nm 
Sensitivity: 0.1 AUFS 

- Fraction 2 

1 10 100 lo00 loo00 
Molecular Weight 

FIG. 6 Molecular weight distributions of the differents fractions found by SEC. 
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detector on their SEC system, it can be concluded that purification 
with DMFhenzene on an adsorption column is efficient for the separa- 
tion of vanadyl-porphyrin compounds. 

CONCLUSIONS 

The reported method, which combines preparation of an alumina slurry, 
Soxhlet extraction, and chromatography adsorption, is found to lead to 
good extraction and separation of the vanadium and nickel porphyrins 
coming from a heavy crude oil. 

Reversed-phase HPLC separation of most polar extracts was carried 
out efficiently with a 30: 70 methanol/acetonitrile mobile phase and a CI8 
stationary phase. 

SEC analysis provided several interesting features which allowed us to 
observe mixtures and selective extracts by using acetonitrile for the polar 
fractions, which are believed to be the vanadyl-porphyrins. 

The MWD and average MW of porphyrins compounds found in this 
study are in good agreement with those previously reported. 
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