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Abstract Asphaltenes behave like blood cholesterol in

that they deposit on the walls of crude oil transportation

pipes thereby narrowing the internal diameters, thus posing

great dangers. This study was designed to remove as-

phaltenes from light crudes by solvent precipitation and to

investigate the comparative performance of n-heptane

(single solvent) and n-pentane/n-heptane (mixed solvent)

in this regard. Each of three Nigerian crudes: Bonny

Export, Bodo and Mogho crudes were first distilled at

350 �C to obtain the atmospheric residuum. Asphaltenes

were precipitated from each residuum at different stirring

times with single n-heptane and mixed n-pentane ? n-

heptane solvents. The precipitated asphaltenes were char-

acterized with FTIR, UV–visible spectrophotometers while

the maltenes were fractionated to obtain the various frac-

tions. Results show that the asphaltenes were made up of

saturated (cyclic aliphatic hydrocarbons) and unsaturated

(substituted aromatic hydrocarbon). Also, aromatics to

saturates ratio and resins to asphaltenes ratio was higher in

Bonny Export and lower in Mogho crude, thus, indicating

that Bonny Export has the lowest asphaltene precipitation

risk while Mogho crude has the highest risk. The results

also showed that resins stabilize asphaltenes in crude as

addition of resins to the different crudes reduced the

quantity of asphaltene precipitated.
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Introduction

Crude oil is a multi-component mixture consisting of nat-

urally occurring hydrocarbons, together with organic

compounds of sulphur, nitrogen and oxygen, as well as

trace amounts of metallic porphyrins, such as those of

vanadium, nickel and iron. The origin of crude oil can have

a significant effect on its composition. As a result, crude

oils widely vary in volatility, density, viscosity and color.

Crude oil may also contain dissolved inorganic gases, such

as nitrogen, carbondioxide, and hydrogen sulphide, at high

pressure and temperature conditions.

The conventional methods of physical fractionation used

in the petroleum industry are based on physico-chemical

characteristics and include distillation, extraction with

solvents, and adsorption by surface active substances. The

fractionation by extraction with non-polar solvents of

similar nature, but of different boiling points, is a separa-

tion analogous to fractional distillation which yields basi-

cally complex fractions, first by boiling point ranges and

consequently by molecular weight ranges (Dehkisia et al.

2004; Hoiberg 1965; Suelves et al. 2003). The amount of

fractions separated depends on the extent of dilution,

temperature, and the nature of the solvents, as well as the

equilibrium of the system (Hong and Watkinson 2004;

Speight 1980).

Asphaltenes are important constituents in crude oil.

They are usually defined as a fraction of crude oil soluble

in aromatic solvents such as toluene or benzene and

insoluble in paraffinic solvents such as n-pentane or n-

heptane. Asphaltenes contribute significantly to the high

viscosity and the coking tendency of heavy oils and bitu-

men. They cause solid deposits that obstruct flow in

petroleum production systems (Auflem 2002). Asphaltene

can self-associate and/or precipitate, but the self-
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association and precipitation is mediated by other solubility

fractions particularly resins (Speight 1999). Hence, as-

phaltenes and resins have often been lumped together as

residue in crude oil, causing reduction in crude oil pro-

duction as they block the pores of reservoir rocks and can

plug the wellbore tubing, flowlines, separators, pumps,

tanks and other equipment and as a result cause barrier to

the flow of oil (Leontaritis and Mansori 1987).

The separation of residues into two fractions asphaltenes

and maltenes is brought about by means of low molecular

weight paraffinic hydrocarbons, which have been recog-

nized as possessing selective solvency for hydrocarbon

systems and is known as solvent de-asphalting. The pre-

cipitation of insolubles from petroleum is known to follow

a complex mechanism involving solubility equilibria,

adsorption, and aggregation. Thus, the amounts and nature

of insolubles precipitated by different hydrocarbon solvents

will be different. Ethyl acetate has been used to eliminate

both resins and asphaltenes from the oil in one step and

thus improving the quality of de-asphalted oil (Catellanos

et al. 1983).

The objective of this study was to investigate the effects

of pure solvent, mixed solvent systems, addition of resin

and variation in stirring time on asphaltene precipitation

and also characterize the resulting asphaltenes precipitated.

Experimental

Sample source

Three Nigerian light crude oils namely: Bonny Export

(49.91� API gravity) and Mogho (48.9� API gravity) from
Rivers State and Bodo (36.95� API gravity) from Delta

State were used in the study.

Reagents

n-Pentane (Sigma-Aldrich), n-heptane (FSA, England),

dichloromethane, toluene, silica gel (BDH, England) and

methanol (Fischer chemicals) were used in this study. All

other reagents were of analytical grade.

Precipitation and purification of asphaltenes

The three different crudes were distilled at 350 �C and the

dead crude obtained was stored in a reagent bottle. 40 mL

of n-heptane single solvent or n-pentane ? n-heptane (1:1

volume ratio) mixed solvents was mixed with 1 mL of each

of the crudes. The mixture was stirred for 20, 40, 60 and

80 min, respectively, and allowed to equilibrate for 48 h.

After equilibration, the mixture was centrifuged for 30 min

at 200 rpm and the resulting maltenes were decanted. The

solid residue mainly precipitated asphaltenes was rinsed

with 40 mL of the liquid precipitant until a clear solvent

was obtained. The precipitated asphaltenes were dried in a

vacuum oven at 80 �C to constant weight.

The precipitated asphaltenes were purified by dissolving

each asphaltene in 10 mL toluene and adding 20 mL of n-

alkanes to the filtrate so as to re-precipitate asphaltenes.

The re-precipitated asphaltene was dried at 80 �C to con-

stant weight. The melting point, UV (6405UV/Vis spec-

trophotometer, Jenway, England) and IR (FTIR

spectrophotometer) spectra of the asphaltenes were carried

out.

Fractionation of maltenes

The different components of the maltenes (saturates, aro-

matics and resins) were recovered using the SAR method.

This involves packing a column with activated silica gel

and adding 50 mL dichloromethane and 5 mL of maltenes.

Addition of n-heptane elutes saturates, toluene elutes the

aromatics while 1:1 dichloromethane and methanol elutes

the resins.

Resin stabilizing effect on asphaltenes

40 mL of n-heptane was added to 1 mL of the different

crudes and the resin extracted as described above were

added to the different mixtures, respectively. The mixture

was stirred for 80 min and extraction was done as reported

in ‘‘Experimental’’ section.

Results and discussion

Tables 1 and 2 show the IR spectra of the crudes for the

single and mixed solvents, respectively. The three crudes

show characteristic frequencies at 3,056.31, 3,060, 3,080

that are due to C–H stretch for aromatic hydrocarbons. This

is supported by absorptions at 733.94, 734.90, 736.83 that

are due to substituted aromatic hydrocarbons. This con-

firms the same class of crude oil composition. This class of

crude oil composition consists of fused benzene rings.

However, absorptions at 2,933.83, 2,930.93, 2,929.97 and

2,931.9 are due to cyclic aliphatic hydrocarbons. This is

supported by absorptions at 1,264.34, 1,271.17, 1,265.35,

1,276.92, 1,266.31 that are due to C–H bending. The IR

reveals that asphaltenes fractions of the three crudes are

made up of both saturated and unsaturated portions in the

chemical structures.

Table 3 shows the UV–visible spectra of asphaltene

fractions from the three crudes using n-heptane single

solvent and n-pentane ? n-heptane mixed solvent for

80 min stirring time. Each of the asphaltene fractions
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shows absorption maxima (Abs) in the visible region of the

electromagnetic spectrum, indicating that the C7 and

C5 ? C7 asphaltenes are largely unsaturated. Absorptions

at the following wavelengths: 388.8, 388.9, 387.2 and

388.6 nm which are supported by absorption at 418.2,

509.6, 510.0, 449.4, 482.6 and 432.8 nm suggest the same

classes of crude oil composition which is the presence of

fused benzene rings or polynuclear aromatics in asphalt-

enes which indicate unsaturated and highly conjugated

systems. This implies the existence of chromophores in the

asphaltene which result from conjugated double bonds

involving aromatic hydrocarbons as supported by the

infrared spectra. The UV–Visible absorption bands are

similar to those shown elsewhere (Evodokimov and Losev

2007).

It is known that asphaltene precipitation depends on the

stability of the asphaltenes and stability depends not only

on the properties of the asphaltene fraction but on how

good a solvent and the rest of the oil is for its asphaltenes.

Figures 1 and 2 show that the percentage weight of as-

phaltenes from Bonny Export crude increases with increase

in stirring time for both single and mixed solvents while

Bodo and Mogho crude did not follow the same trend. The

densities of their maltene (Table 4) increase with their

Table 1 IR results of asphaltenes obtained from single n-heptane

solvent

Crudes Approx characteristic

frequencies (cm-1)

Bonds

Bonny

export

733.94 Substituted aromatic

hydrocarbons

1,264.38 C–H bending

3,056.31 C–H of aromatics

Mogho 733.94 Substituted aromatic

hydrocarbons

1,265.35 C–H bending

1,441.84 C–H bending

2,930.9 Cyclic aliphatic

hydrocarbon

3,080 C–H of aromatics

Bodo 734.9 Substituted aromatic

hydrocarbons

971.19 C=C–H bending out of

plane

1,271.13 C–H bending

1,373.36 C–H bending

1,456.30 C–H bending

1,601.93 C=C of aromatic

1718.63 C=O (acid, aldehydes,

ketones, and esters

2,933.83 Cyclic aliphatic

hydrocarbon

3,060 C–H of aromatics

Table 2 IR results of asphaltenes obtained from mixed n-pen-

tane ? n-heptane solvent

Crudes Approx. characteristic

frequencies (cm-1)

Bonds

Bonny

export

733.94 Substituted aromatic

hydrocarbons

1,264.38 C–H bending

2,932.86 Cyclic aliphatic

hydrocarbon

Mogho 736.83 Substituted aromatic

hydrocarbons

1,265.31 C–H bending

1,450.52 C–H bending

2,931.9 Cyclic aliphatic

hydrocarbon

Bodo 734.90 Substituted aromatic

hydrocarbons

1,276.92 C–H bending

1,459.2 C–H bending

1,726.35 C=O (acid, aldehydes,

ketones, and esters

2,927.97 Cyclic aliphatic

hydrocarbon

Table 3 UV spectra of asphaltene fractions of the three crudes

Samples UV spectra data

k (nm) Abs k (nm) Abs

Asphaltenes precipitated with n-heptane for 80 min

Bonny export 389.8 1.935 418.2 1.366

Bodo 388.9 2.833 509.6 2.906

Mogho 389.8 2.303 510.0 2.888

Asphaltenes precipitated with n-pentane ? n-heptane for 80 min

Bonny export 388.6 2.149 449.4 2.389

Bodo 387.2 2.833 482.6 2.791

Mogho 388.6 2.977 432.8 2.193
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Fig. 1 Weight of asphaltenes precipitated from n-heptane single

solvent
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corresponding asphaltene precipitate. Thus, it supposes that

asphaltene precipitation depends on stirring time but due to

the presence of other solubility parameters (saturates,

aromatics and resins) which may not be present in the right

ratios, Bodo and Mogho did not depend on stirring time. It

may also be because the other solubility fractions in Bodo

and Mogho crudes are not good solvents for their as-

phaltenes, therefore making their asphaltenes unstable and

so precipitation in these crudes were more and did not

depend on stirring time. It was also observed that Mogho

crude precipitated more asphaltenes followed by Bodo and

Bonny for both single and mixed solvent systems. This

indicates that the amount and characteristics of the as-

phaltenes constituent in crude oils depend to a greater

extent on the source of the crude (Speight 2004). It was

also observed that for the three crudes, the amount of as-

phaltene precipitated increased on using mixed solvent (n-

pentane ? n-heptane) an observation explainable by the

contribution of the shorter chain-length hydrocarbon (n-

pentane). This agrees with fact that asphaltene precipitation

increases with decrease in the carbon chain-length of the

precipitating agent (Diallo et al. 2000).

Figure 3 shows the weight of heavy fractions obtained

from n-heptane at 80 min stirring time. The ratio of aro-

matics to saturates was Bonny Export (0.313), Bodo

(0.277) and Mogho (0.264) while the ratio of resins to

asphaltenes was Bonny export (12.1), Bodo (2.180) and

Mogho (2.000). Reports have it that a high ratio of resins to

asphaltenes and aromatics to saturates is indicative of low

asphaltene precipitation risk (Diallo et al. 2000). Heavier

oil contains many of intermediate components that are

good asphaltene solvents, whereas the light oil may consist

largely of paraffinic materials. The three crudes show high

values of saturates, indicating the presence of paraffinic

material. Crude oils with higher densities also show higher

cohesive energies and therefore lower the solubility in the

crude oil. This study shows that the density and aromaticity

of the crudes increase simultaneously as the asphaltene

precipitates increase from Bonny export, Bodo and Mogho

crudes. This shows that crude oil with higher aromaticity,

saturates and density like in Bodo and Mogho crudes

precipitate more asphaltene and are likely to be problem-

atic and thus referred to as unstable crudes.

Figure 4 shows that the percentage weight of asphalt-

enes obtained when resins were added to the three crudes

greatly reduced when compared to those without resins.

This shows that resins stabilize asphaltenes in crude oil.

Conclusions

This study has shown that density and aromaticity of

atmospheric residuum increases simultaneously with

increase in asphaltenes. It has also shown that Mogho crude

has the highest asphaltene precipitate and Bonny export the

least, thus Mogho crude with the highest density, saturate,

aromaticity and asphaltenes will likely be problematic.

Also, it was established that there is a drastic reduction of

asphaltene precipitate in Bonny, Bodo and Mogho crudes
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Table 4 Density of maltenes of the three crudes

Stirring time

(min)

Solvent Density (g cm-1)

Bonny

export

Bodo Mogho

20 n-Heptane 0.662 0.120 0.085

40 n-Heptane 0.698 0.144 0.082

60 n-Heptane 0.699 0.169 0.073

80 n-Heptane 0.711 0.104 0.079

20 n-Pentane ? n-

heptane

0.601 0.100 0.180

40 n-Pentane ? n-

heptane

0.682 0.114 0.175

60 n-Pentane ? n-

heptane

0.704 0.228 0.145

80 n-Pentane ? n-

heptane

0.725 0.163 0.140
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Fig. 3 Weight of heavy fractions obtained from n-heptane maltene at

80 min
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with additional resins extracted from the same crudes that

resins from one crude oil solubilize asphaltenes from the

same crude oil.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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