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Abstract: Existence of hydrocarbons are in various phases such as vapour, liquid and solid. Phase behaviour
focuses on the state of equilibrium. This research develops the different phase envelope of precipitation of
heavy organics using single and binary mixture of various ratios. The phase envelopes for the single and binary
mixtures of various ratios (0:1, 1:0, 1:1, 1:2, 2:1, 1:3 and 3:1) were developed using ASPEN HYSIS 8.4
software which gives the qualitative results of the various precipitation processes. The results obtained show
larger envelope with higher volume ratio of the lower carbon number (C5:C7, C5:C6 and C6:C7) being 2:1 and
3:1. The different binary mixtures for the equal volume ratios (1:1) also show larger envelopes at which the
maxima were observed. The solid-liquid phase envelopes yield envelopes similar to that of the vapour—liquid
phase.
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I.  Introduction

Crude oil composes of paraffinic and aromatic hydrocarbon molecules consisting of variable amounts
of sulfur, oxygen, nitrogen and trace amounts of metals such as nickel, vanadium, iron and copper
[13,15,21].Chemical composition of crude oils differs according to location and age of the field. Heavy crude
oils contain higher complex hydrocarbon molecules, heteroatoms and metal contents compared with lighter
crude oil [20]. Crude oil is needed in various field in the petroleum industry example are studies related to
reservoir evaluation, processing, environmental effects and migration [12]. Differential techniques are used in
fractionating crude oils [13].The saturate, aromatic, resin and asphaltene(SARA) technique is the most widely
used method to separate crude oils into four major fractions based on differences in solubility and
polarity[7,11,18,12]. The saturate fraction mostly contains aliphatic compounds; the aromatic fraction consists
of aromatic groups with aliphatic side chains. Resin is a heavier fraction than aromatic and saturate. Asphaltene
is insoluble in n-alkane solvents and the most complex fraction of crude oils. These circumstances of higher
asphaltene content in crude oil cause processing problem during refining operation[2,16,7]

Reservoir hydrocarbons exist as vapour, liquid or solid phase. A phase is defined as a part of a system
which is physically distinct from other parts by definite boundaries. A phase is fully defined when its
composition, temperature and pressure is specified. Phase behavior focuses only on the state of equilibrium. A
system reaches equilibrium when it attains its minimum energy level. At equilibrium a system may form a
number of co-existing phases with all the fluid constituents present in all the equilibrated phases [3].

Solid can be precipitated when the oil undergoes phase transition due to changes in pressure,
temperature and composition. Precipitation can lead to solid particle build up and deposition. The presence of
precipitated solid in the oil can also change the flow rate, flow properties and type of solid precipitated.
Precipitation is the first step leading to solid build up and deposition and can also be found in the reservoir,
transportation pipeline and well bore [1,9]

It has been reported that live oils yield significantly higher amounts of precipitates than dead oils from
similar point, obtained at the same time and that multiple-contact experiments gave rise to more precipitation
than single contact experiment. Field asphaltene precipitate resulting from a rich-gas or CO, injection process
are different from laboratory asphaltene induced by the addition of alkane. This field asphaltene is also different
from the field asphaltene resulting from pressure depletion, and its nature also varies with the composition of the
injection fluid [19].

The complexity of the phase behavior in petroleum fluids is due to the existence of the variety and
polydispersity of hydrocarbon and other organic molecules in them [8].The phase behavior of a typical pure
fluid can be represented on a pressure-temperature diagram. According to Gibb’s phase rule, there is no degree
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of freedom when three phases must be in equilibrium which implies that three phases must be in equilibrium
only at one temperature and pressure and is called triple point. The temperature and pressure of the triple point
are determined. For two phase system, the degree of freedom is one and either temperature or pressure but both
cannot be set. Once the temperature is specified, the pressure is determined. Thus, two equilibrium phases are
represented by curves on a pressure-temperature diagram. The critical point occurs when the temperature and
pressure along the vapourization curve is increased to the critical pressure and temperature.For single
component systems, one single curve represents all the three conditions(vapour pressure, dewpoint and bubble
point), simply because vapour pressure equal dewpoint equal bubble point. Once saturation temperature and
pressure have been selected, there is one saturation temperature associated with it. This is only true for a single
component system since it is the only temperature (at the given pressure) at which liquid and gas phase will co-
exist in equilibrium and is governed by Gibb’s phase rule. Bubble point is the temperature(at a given pressure)
where the first bubble of vapor is formed when heating a liquid consisting of two or more components while
dew point temperature is the temperature at which air must be cooled at constant pressure [3].

The behavior of a hydrocarbon mixture at reservoir and surface conditions is determined by its
chemical composition and the prevailing temperature and pressure. This behavior is of a prime consideration in
the development and management of reservoirs, affecting all aspects of petroleum exploration and production.
Although a reservoir fluid may be composed of thousands of compounds, the phase behavior fundamentals can
be explained by examining the behaviour of pure and simple multicomponent mixtures. The behaviour of all
real reservoir fluids basically follows the same principle, but to facilitate the application of technology in the
industry, reservoir fluids have been classified into various groups such as the dry gas, wet gas, gas condensate,
volatile oil and black oil [3].

The phase behaviour of a multicomponent system is more elaborate than that of a pure compound. The
phase behaviour of a binary system, although relatively simple is very much similar to a multi-component
reservoir fluid. It is an appropriate substitute for examining the qualitative behaviour of reservoir hydrocarbons
mixture. The phase rule indicates that in a binary vapour-liquid system, both the temperature and the pressure
are independent variables. The phase envelope, inside which the two phases coexist, is bounced by the bubble
point and dew point curves. The two curves meet at the critical point, where all differences between the two
phases vanish and the phases become indistinguishable. The two phases can coexist at some condition above the
critical point. The highest pressure and the highest temperature on the phase envelopes are called
thecricondenbar and the cricondentherm respectively [3].

Temperature corresponding to the atmospheric pressure is known as the normal boiling point or
boiling point of the compound. Boiling increases from hexane to cyclohexane, benzene to pyridine and to
aromatic amine. High boiling doesn’t show heavy molecules but big aromaticity relative to the other species in
crude oil [5,3]. It has been reported that three transition (phases) stages was observed using both single and
binary mixture of n-alkanes which shows a decrease in quantity of the precipitate as the carbon number of n-
alkanes solvents increases [8] but failed to mention that phase envelope can be used in their relationship. In this
research, the aim is to relate the different binary mixtures using lower n-alkane solvent by its weight basis with
the behaviour of the phase envelope application.

Il. Materials and Method

The apparatus used for this research are filtration system, hot plate, distillation system,
thermometer,desiccators and membrane filter.Pentane, n-Hexane and Heptane were solvents used.Boma crude
oil used for this research was obtained from Nigerian National Petroleum Corporation Research and
Development Centre, Port Harcourt, Nigeria.

The reduced crude oil residue was obtained by removing the distillates at 260°C using atmospheric
distillation at constant pressure and flow rate of 14.7psi and 20g/hr respectively. Precipitation of heavy organics
was carried out using both the single solvent and binary mixture of the lower n-alkane solvents. Thirty milliliters
(30ml) of each of the solvent (pentane, hexane and heptane) and 30ml of each binary mixture (C5:C6, C5:C7
and C6:C7) were added to 1g of the reduced oil in their appropriate flask. The mixtures were shaken for 30mins
using mechanical shaker and kept for 48 hrs before filtration. To separate the solid precipitate and the
filtrate,each of the solution was filtered using the vacuum pump system with 0.45mm membrane filter fitted in a
Buchner funnel and flask connected to a vacuum pump. The solid precipitate was dried in an oven, weighed and
kept in a desiccator. The phase envelopes for the various binary mixtures were modeled using the Soare Redlich
Kwong (SPK) equation of state fluid package of ASPEN HYSIS 8.4 software.
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I11. Result and Discussion
The phase envelopes of the different binary mixtures of their various ratios are shown below:
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The single carbon precipitants show single curves as seen in figures 1, 2 and 8 which is in line with
reported work[3]. The binary mixture precipitants in figures 3-7 and figures 14-18 show that the closer the
carbon numbers used for the binary mixtures, the smaller the phase envelope and vice versa and this was clearly
seen when compared with each respective ratio in figures 3-7 to figures 9-13 and figures 14-18 to figures 9-13.
It was equally observed that the phase envelope with the highest volume of the lower carbon number shows a
larger envelope which was clearly seen in figure 11 and figure 13 compared to figure 10 and figure 12. The
phase envelope of figure 13 and figure 11 were larger because of the highest volume of pentane used in the
mixtures which is in line with the view by previous researchers that the amount of asphaltene increases as the
carbon number decreases [22,1]. In comparing the phase envelopes in figures 3-7 to the phase envelopes of
figures 14-18,it was observed that the phase envelope with more of the lower carbon numbers shown in figures
3-7 recorded larger envelopes compared to the phase envelopes of figures 14-18 with higher carbon number.
According to [8], for a given volume of precipitant, the amount of the heavy organic precipitate decreases as the
carbon number of n-alkane precipitants increases. According to [22],the molecular weight distribution of
nCs,nC; and nCq are different since solubility properties of the precipitated asphaltenes vary according to the
solvent used for their precipitation. The resin content in the precipitates increases as the number of carbons in
the precipitating solvent decreases. The study with nCs, nCg and nC; records a general trend similar to those
observed by other researchers in their experiments [4,10,22]. For binary mixture of n-alkanes reported in this
work, lower carbon number n-alkane binary mixtures also recorded bigger phase envelope while higher carbon
number binary mixtures recorded smaller phase envelope. However, [8] reported the trends of precipitation as
the volume of corresponding precipitant mixture altered differs completely from those of single n-alkane
precipitants. The phase envelope of 1:1 precipitants of their various binary mixtures show significant difference
compared to others and this was clearly observed in figure 9 since the carbon numbers are not so close. These
explain the reported work by [8], that precipitation with binary mixture n-alkane show three stage transitions
solid-liquid, liquid-solid and solid-liquid as the volume ratios of precipitants vary. The maxima were clearly
seen in the 1:1 binary mixture which the phase envelope of 1:1 is significantly different from others that were
observed at the minima.

IV. Conclusion
The phase envelope gives a qualitative evidence of the asphaltene and resin contents reported by
previous researchers on their weight basis(quantitative analysis) which is similar to what is happening at their
different ratios of both single and binary mixture combination. It shows that the compositional differential
analysis of nCs:nC; will be quite large and different compared to nCs:nCg and nCg:nC; depending on their
method of precipitation. It equally gives an ideal why the maxima were observed at 1:1 ratios of the different
binary mixtures.
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