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Abstract: This work investigated the effect of some individual n-alkanes (n-hexane, n-octane, n-decane, n-
dodecane, n-tetradecane, and n-hexadecane) on the precipitation of heavy organics (asphaltenes) from crude
oil. The crude oil residue sample was sourced from the National Petroleum Corporation (NNPC), Research and
Development Division, Port Harcourt, Nigeria. The sample was distilled and approximately 1.0 g was used for
precipitation of heavy organics with about 20 mL of the respective n-alkane solvents in three replicates.
Quantitative results showed that n-hexadecane (Cy¢) recorded the highest percentage yield (15.40+1.18 %) of
heavy organic precipitated from the crude oil, while n-decane (Cy,) recorded the least percentage yield
(1.02+0.18 %). Therefore, an estimated value of 0.45 % for n-undecane (Cy;) was obtained by extrapolation.
The study has shown that heavy organics precipitation decreases with increasing carbon number of n-alkane to
a minimum value at C,; and starts increasing from Cy, to Cy. Thus, C;, and C,4 show the same property as Cig
in the precipitation of heavy organics from crude oil.
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I.  Introduction

The oil and gas industry has recently cut down the costs of operation or production, which is majorly
due to the recent fall in crude oil price. This has led to reduction of operational cost in the midstream sector,
mainly involving the transportation and storage of crude oil and petroleum products (Toews and Naumov 2015).
However, survey of oilfield experiences shows that heavy organic deposition problem results to increase cost of
production and transportation in oil industry world-wide (Escobedo and Mansoori 1997). This oilfield problem
has affected production facilities such as oil wells, storage vessels, and transportation pipelines (Magbool,
2011).

Heavy organics (HOs) are the known heavy components of crude oil which are specifically known as
SARA-fraction. The fractional components include S=saturates, A=aromatics, R=resins, and A=asphaltenes.
These components have different polarity and solubility, which are important for their separation from crude oil.
Apparently, heavy organic compounds are quite miscible with the light components of crude oil forming distinct
compositional phase under reservoir conditions (Mansoori 2007). However, when variations in physical
properties such as temperature, pressure or composition set in, corresponding alterations in the single phase
observed in the crude oil, result to aggregation, flocculation and precipitation of the heavy organics out of crude
oil, which lead to deposition and blockage of oil wells, transfer pipelines, and processing equipment thus,
reducing oil productivity (Kawanaka et al. 1991; Escobedo and Mansoori 1997). One major effect of such
alteration is the precipitation, flocculation and deposition of HOs (asphaltenes, wax, diamondoids, etc.) in oil
well (Branco et al. 2001; Mousavi-Dehghani et al. 2004; Mansoori et al. 2007).

Over some decades, several research works have been carried out to study the causes of the deposition,
mechanisms, nature, and behavior of HOs under various operating conditions in order to proffer a solution to the
problem of HOs deposition. One of such efforts in recent years is the precipitation of HOs in crude oil in the
laboratory using single n-alkane solvents, which would give a better understanding of the deposition
phenomena, predict correctly the onset of organic deposition and hence help to avoid getting to the region
(Mansoori et al. 2007). For example, Kokal et al. (1992) studied the precipitation of asphaltenes from two
Canadian heavy oils by titration with various n-alkanes (n-pentane to n-decane). They observed a decrease in the
amount of asphaltenes precipitated at very high dilution ratios, which can be attributed to a partial re-dissolution
of asphaltenes in the organic solvent. The precipitations of HOs from two Mexican crude oils by onset titration
with n-alkane solvents were carried out by Eduardo et al. (2004). While, Chukwu et al. (2011) compared the
quantity of HOs precipitated from Nigerian Antan crude oil residue by two slightly polar solvents (ethyl acetate
and butanone) and non-polar n-alkane solvents. In addition, Udourioh et al. (2014) investigated the precipitation
of HOs using three single n-alkane solvents, which includes n-pentane, n-hexane, and n-heptane organic
solvents. They concluded that the amount of HOs precipitated decreases as the carbon number of the n-alkane
increases (Cs to Cy).

From all the above studies reported, the choice of organic solvents (e.g., n-alkanes) is an important
factor that determines the extent or the amount of precipitation of heavy organics from crude oil. Some of these
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n-alkane solvents with their molecular formulas include n-pentane (CsHj,), n-hexane (CgHys), Nn-heptane
(C;H4s), n-octane (CgH1g), n-decane (CygH2,), n-undecane (Cy1Hy4), Nn-dodecane (C1,H,g), n-tetradecane (Ci4Hs0),
n-hexadecane (CigHs4). In addition, the amount of HOs (e.g., asphaltenes) decreases with increasing carbon
number of the n-alkane solvents have been reported by many authors. However, Hotier and Robin (1983) found
that the volume of n-alkane at the onset of asphaltene precipitation of a crude oil with increasing carbon number
of the n-paraffin reaches a maximum at a carbon number of 7 (n-heptane). Whereas, Wiehe et al (2004) arrived
at carbon number 10 (n-decane) maximum as presented in Figure 1.
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Figure 1: VVolume fraction of n-paraffin at the onset of asphaltene precipitation for Alberta Crude (Wiehe et al.,
2004).

Figure 1 suggests that n-alkanes with carbon number (> 10) can be poorer solvents for petroleum HOs
(asphaltenes) than lower-carbon number n-alkanes, even though the solubility parameters of n-alkanes increase
continuously with increasing carbon number (Hansen, 1971). This was observed with C¢ n-alkane at high n-
paraffin/oil volume ratios and was referred to as the paradox of asphaltene precipitation with n-paraffins
(Speight, 1999). Tobrise et al. (2016) showed that when the number of carbon atoms increase, the percentage
weight of the precipitate tends to decrease up to C,q indicating increasing solubility, but a sharp increase was
obtained with Cy, to Cy6. Consequently, crude oils contain n-alkanes C; to Csy of which C; to C, are gases at
room temperature and atmospheric pressure, Cs to Cy; are liquids while others are solids. Under reservoir
conditions all these exist in one liquid phase. Hence, n-alkanes C; to C;g could participate in the precipitation
process as precipitants. The aim of this work is to determine the position of n-hexane, n-octane, n-decane, n-
dodecane, n-tetradecane, and n-hexadecane in the insolubility (precipitation) curve of heavy organics
precipitation from crude oil.

I1.  Experimental

An atmospheric distilled Nigerian crude oil blend residue was sourced from the National Petroleum
Corporation (NNPC), Research and Development Division, Port Harcourt, Rivers. The organic solvents used
include analar grade of n-hexane (BDH VWR Analytical, USA), n-octane (Sigma Aldrich, UK), n-decane
(Sigma Aldrich, UK), n-dodecane (Alfa Aesar, Germany), n-tetradecane (Sigma Aldrich, UK), and n-
hexadecane (Alfa Aesar, German). The single and binary solvent precipitation experiments were each carried
out in three replicates according to the method described by Kokal et al., (1992) and Eduardo et al., (2004) and
modified ASTM/IP (American Standard Test Method/Institute of Petroleum) methods. A 20ml of the single n-
alkane solvents was added to approximately 1g of oil each in an appropriate flask. The mixtures were agitated
for 30mins using mechanical shaker. It was allowed to stand for 48hours. After which the solution was filtered
using a vacuum pump system with a 0.45um membrane filter fitted in a Buchner funnel/Buchner flask and
connected to the vacuum pump. The flask and the membrane filter were rinsed with small volumes of the
corresponding n-alkane single solvents to eliminate the residual oil. The membrane filter with the precipitated
material was dried in a vacuum oven at 0.1bar (gauge pressure) and 333K over 2hours. It was finally weighed to
determine the heavy organic mass precipitate. The weight percent of HOs precipitated from the crude oil sample
can be calculated by:
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weight of HO precipitate in mg/L y 100

Weight % = - .
weight of residue in mg/L 1

[1]

I11.  Results and Discussion
The result of the experiments for single n-alkane (Cg, Cg, Cy1q, C12, C14, Cyg) precipitation of HOs from about 1.0
g of crude oil residue at room temperature and atmospheric pressure is presented in Figure 2.
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Figure 2: Plot of weight % of HO precipitated against carbon number for single n-alkane precipitants.

The HOs precipitation using single n-alkanes (Cg, Cg, Cig, Cio, C14, Cyg) for 20mls/g total solvent
volume (Figure 2) recorded its highest weight percentage yield of precipitate by C;s (n-hexadecane) and least
weight percentage precipitate for Cy, (n-decane). The HOs obtained in this work may be a mixture of co-
precipitating species similar to what is obtained in the oilfield.

In comparison to the results found by Wiehe et al. (2004), which concluded that the volume of n-alkane
at the flocculation point, which is the point of incipient asphaltene precipitation, increases as the n-paraffin
carbon number increases, reaching a maximum at a carbon number of 9 or 10, and then decrease (Figure 1). In
other words, their conclusion summarizes that with the increase in carbon number of n-paraffin, the asphaltene
precipitation of a crude oil reaches a minimum at a carbon number 9 or 10 based on the percentage weight of
asphaltene precipitated and then increases.

However, it was observed in this research that the weight percentage yield of HOs decreases from Cg to
Cy; (estimated value of 0.45%) and then increases beginning at C,,. Thus, this work found that with the increase
in carbon number of n-alkanes (from Cgto Cyg), the HOs precipitation of crude oil reaches a minimum at carbon
number 11 with an estimated value of 0.45 weight percent. Then a rise in percentage weight of precipitate is
observed from Cy, and Cy4 to Cy, Which makes the curve of weight % against n-alkane carbon number a
parabola with minima at (0.45) for Cy; (Figure 2). This curve is similar in shape but inverse of the curve for the
volume fraction of n-paraffin at the onset asphaltene precipitation of a crude oil by Wiehe et al. (2004) (Figure
1). Consequently, a new concept to divide the range of n-alkane solvents into four major groups of HOs
precipitants based on their precipitating power represented as p-factor. The p-factor is defined by the equation:

weight % of HOs ppt by an n - alkane

weight % of HOs ppt by an n - alkane
Where C,; is assumed to produce the lowest quantity of HOs precipitate.

[2]

Assigning Cy; a p-factor of 1, the values for other n-alkanes used in this work are as follows: C¢> 10, Cg> 3, Cy
>2,Cp, >4, Cy > 16 and Cig> 34. This result leads to classification of n-alkane precipitants according to their
precipitating ability/reverse of solubility properties. This classification is presented in Table 2.
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Table 2: precipitating properties versus solubility properties

Group precipitating properties/ solubility properties for HOs Factors

C,to Cy Gases at room temperature and pressure. Not determined
Csto Cs moderate precipitate/ moderate solubility >3<10

Cyto Cyy Low precipitate/ high solubility >1<2

Ciyto Cyie High precipitate/ low solubility >4<34

IV.  Conclusion
The trend of precipitation by single n-alkane solvent which shows corresponding decrease in the

quantity of precipitate is extended to a minimum at carbon number 11 (Cy,) in this work. The heavier molecular
weight n-alkanes: Cy,, Cy4 and Cy¢ follow a trend of increasing heavy organic precipitation from crude oils.
Hence, the assignment of precipitating factors to n-alkane precipitants as defined therein.
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