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 Background: Asphaltene precipitation and deposition from crude oils is one of the 

issues for the oil industry. The deposition occurs during production, transportation and 
separation process. Injection of carbon dioxide (CO2) during enhance oil recovery is 

believed to contribute much to the precipitation of asphaltene and it can significantly be 

affected by the changes in pressure and temperature of the crude oil. Reduction in 
pressure contributed much to the instability of asphaltene as compared to reduction in 

temperature. This paper investigated the effect of change in pressure with constant 

temperature at reservoir condition by varying the amount CO2 injected into the light 
crude oil sample towards the stability of asphaltene. Results: The experimental 

saturation pressure for 18cc CO2 injected into 45cc light oil was 1498.375psi and with 

asphaltene onset point of 1620 psi. For 27cc CO2 injected into 45cc light oil, the 
saturation pressure was 2046.502psi and with asphaltene onset point of 2230psi. 

Furthermore, the asphaltene onset point was predicted to occur at pressure slightly 

higher than the saturation pressure. Conclusion: As the amount of injected CO2 
increased, the saturation pressure increased and will accelerate the precipitation of 

asphaltene. Reduction in pressure significantly affected the stability of asphaltene at 
constant temperature. The asphaltene precipitation started to occur at pressure slightly 

above the saturation pressure. 
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Background: 

 Organic deposition is a very common problem which may occur during primary, secondary and tertiary oil 

production. Organic deposition matter such as asphaltene resulted in operation difficulties and decrease in oil 

production because it restrict or plug flowlines and pipelines and foul production handling facilities [1] and in 

severe cases plug the wellbore and surface facilities [2]. Asphaltenes are the non-volatile and polar fraction of 

petroleum that is insoluble in n-alkanes [3]. It exists in the crude oil predominantly as a dispersion of very small 

platelets that will easily pass through pore passages as they flow. These particles are held as distinct platelets by 

chemicals that form “micelle” principally maltenes and resins [4], [5]. In the enhanced oil recovery (EOR), the 

injection of CO2 significantly resulted in oil recovery worldwide. The injected CO2 increase the natural energy 

of the reservoir to displace the remaining oils towards the producing well due to interaction between the injected 

fluid and reservoir oil system. When CO2 and reservoir oil mix, multiphase equilibra may exist including the 

solid phase i.e., asphaltene [5]. The stability of asphaltene is defined as its resistance to precipitate and its 

precipitation from crude oil is the form in which the asphaltene content is unstable [6]. The injection of CO2 that 

is widely used during enhance oil recovery (EOR) phase is believed to have significant effect on the stability of 

asphaltene. The objectives of the study are: (1) to determine crude oil properties after injection of varied amount 

of CO2 and (2) to determine the effects of variation of pressure on crude oil. 

 The asphaltene stability evaluation is the first step toward predicting and avoiding any of asphaltene issue at 

reservoirs [7]. Asphaltene stability is a function of pressure, temperature and composition [8]. Asphaltene 

precipitation and deposition in the offshore environment is primarily a change in pressure and temperature 

phenomenon with occasional change in reservoir fluid composition because of comingling of dissimilar fluids 

[9], [10]. Kokal et al, reported that the injected CO2 when in contact with the reservoir oil, can cause changes in 

the fluid behavior and equilibrium conditions which favour precipitation of organic solids, mainly asphaltene 
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[11]. According to Appleyard et al., the temperature change has a minor effect on the asphaltene precipitation 

when compared to pressure change [12].  The most important factor [13] on which the asphaltene precipitate 

depends on CO2 or injected gas concentration because it modify the flow and phase behavior of the reservoir 

fluids and rock properties [14].  Adyani et al. [15] reported that the tendency of asphaltene precipitation increase 

with the increase in the mole percentage of CO2 injected. No precipitation observed in the CO2 mole ratio is less 

than 48% while more than 95% of the original asphaltene precipitates out of the fluid at 80% CO2 injection.  

 Based on the above readings this paper is focused on the investigation of the stability of asphaltene 

specifically on the effect of CO2 injection into light crude oil with reduction in pressure at constant temperature. 

The amount of CO2 is varying by 40% by weight (79% mole) and 60% by weight (89% mole) to be injected in 

the light crude oil sample. The temperature is kept constant at 100
o
 C while the pressure is decreasing.  

 Specifically the discussion will only be limited to the experimental laboratory results using FluidEval PVT 

Cell with Solid Detection System (SDS). 

 

Methodology: 

Equipment Used:  

 An experiment was conducted in Pressure Volume and Temperature (PVT) laboratory using FluidEval PVT 

Cell with Solid Detection System (SDS). The PVT with SDS is based on light scattering technique with near-

infrared spectroscopy (NIR) which is one of the reliable techniques to measure the asphaltene onset point 

(AOP). The near infrared light probes into fluids as aphaltene precipitate isothermally with decreasing pressure 

or isobarically with decreasing temperature. Figure 1 shows the near-infrared (NIR) light source on one side of 

the cell generates light at wavelengths between 800 to 2,200nm at a specific transmittance power. When 

asphaltenes precipitate, they scatter light, reducing the transmittance power of the light detected by fibre-optic 

sensors on the other side of the cell [16]. 

 A routine PVT experiment was done to gain experimental knowledge about the behavior of a reservoir fluid 

at reservoir condition [16].  Then a constant mass expansion experiment was conducted to determine the 

properties of the recombined mixture. Also the mass expansion experiment gave information about the 

saturation pressure at the reservoir temperature and about the relative volumetric amounts of the samples [17]. 

The saturation pressure or the bubble point pressure is the point at which an additional phase starts to form. 

Observations were done on the occurrence of gas bubbles once the pressure was reduced until the saturation 

pressure. Also the relative volume which is defined as the ratio between the actual volume and the volume at the 

saturation pressure [17] was determined.  

 

Sample Used:  

 An acquired light crude oil sample (Dulang) was used in the conduct of the experiment. First, a total of 

45cc of oil sample was injected into the recombination cell together with the 18cc CO2 gas (40% by weight or 

79% mole) and second, another 45cc of the same sample combined with 27cc CO2 gas (60% by weight or 89% 

mole).  

                                  
                    

Fig. 1: Principle of light scattering in Solid Detection System [16]. 

 

Software Used:  

 The AppliLab Software developed by Vinci technology was used to monitor and save the parameters such 

as pressure volume, temperature and transmitted light. At the precise point of solid onset point, the formation of 

precipitates causes a sharp drop in the transmitted power and can be shown in a graphical display.  

 

RESULTS AND DISCUSSION 

 

 From the constant mass expansion experiment conducted on 45cc light crude oil injected with 18cc (40% 

by weight or 79% mole) CO2 the result is shown in Table 1. As the pressure decreased from 3500psi to 1500psi, 

not much increase in the total volume was observed. However, from 1500psi to 1200psi, there was a sudden 

increase in the total volume of the sample from 51.345cc to 58.244cc. When the pressure was further reduced 

from 1200psi to 900psi the total volume increased from 58.244cc to 70.817cc.  The point at which there was an 

abrupt change in the total volume (y) indicated the saturation pressure or bubble point (x).  
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Table 1: Constant mass expansion experiment result for 45cc oil with 18cc CO2. 

Pressure (psi) Total Volume (cc) Relative Volume (cc) Density (lb/ft3) 

3500 49.899 0.972 49.8175 

3200 50.395 0.981 48.7687 

2900 50.547 0.984 48.6251 

2600 50.678 0.987 40.5003 

2300 50.818 0.990 48.3629 

2000 50.969 0.993 48.2194 

1800 51.133 0.996 48.0695 

1700 51.273 0.999 47.9384 

1500 51.345 1.000 47.2455 

1200 58.244 1.134 No reading 

900 70.817 1.379 No reading 

 

Graphically, Figure 2 shows the pressure volume curve for 40% CO2. Shown are two lines intersecting and the 

calculated point of intersection is the saturation pressure or the bubble point pressure. Algebraically, 
0.00047 52.05294 0.03131 98.26284

, 1498.375

, 51.34870

b

x x

x P psi

y Volume saturation cc

    





          (1) 

                                    

 The saturation pressure or bubble point pressure is 1498.375psi with volume saturation of 51.34870cc. 

 Table 2 is the constant mass expansion experiment result for 60% CO2 injected into 45cc light crude oil 

sample. There was no significant change in the total volume when pressure was decreased from 4200psi to 

2100ps. However a sudden increase of total volume occurred when pressure decreased from 2100psi to 1500psi 

which is from 53.561cc to 64.568cc. Shown in Figure 3 is the pressure volume curve. It was found out that 

saturation pressure or bubble point is 2046.502psi with volume saturation of 53.68149cc as calculated in (2) 

below. 

                         
 

Fig. 2:  The pressure volume curve for 40% CO2. 

 
Table 2: Constant mass experiment result for 45cc oil with 27cc CO2 

Pressure (psi) Total volume (cc) Relative volume (cc) Density (lb/ft3) 

4500 51.899 0.967 49.2557 

4200 52.516 0.978 48.6751 

3900 52.644 0.981 48.5565 

3600 52.783 0.983 48.4316 

3300 53.927 0.986 48.3005 

3000 53.078 0.989 48.1632 

2700 53.235 0.992 48.0196 

2400 53.395 0.995 47.8760 

2100 58.561 0.998 47.4765 

1800 58.590 1.091 No reading 

1500 64.568 1.203 No reading 

 

             
 

Fig. 3: The pressure volume curve for 60% CO2. 

 

 Figure 4 below shows the light transmittance curve for both samples, 45cc oil 18cc CO2 (40% CO2) and 

45cc oil 27cc CO2 (60% CO2). This curve can be used to determine the asphaltene onset point (AOP). For both 

curves, the light transmittance increases as the pressure is decreased. The increase in the light transmittance is 
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caused by the decreased in the fluid density above the bubble point pressure [9, 10, 11]. For 40% CO2 curve, the 

light transmittance drops significantly at the pressure around 1620 psi, while for 60% CO2 curve, the light 

transmittance drops significantly at the pressure around 2230 psi and can be seen in the Figure 4 as indicated by 

the dotted line. This light transmittance drop corresponds to the onset of asphaltene precipitation pressure [10]. 

                 

ccsaturationVolumey

psiPx

xx

b

68149.53,

502.2046

38641.9401989.066381.5400048.0






                                             (2) 

 

 
 

Fig. 4:  The light transmittance curve. 

 

 After the onset point, the light transmittance for both curve are irregular and scattered due to the formation 

of the larger asphaltene particle. This statement is supported by Jamaluddin et al., [18] and Gholoum et al., [19] 

in their journal which stated that as the larger asphaltene particles are formed, it caused the scattering of all 

transmitted light at a pressure much above the bubble point pressure. The bubble point pressure or saturation 

pressure also can be determined from the point at which the drastic and biggest light transmittance drop. 

Jamaluddin et al., [18] stated that the near-infrared spectroscopy (NIR) signals drops to almost no transmittance 

at the bubble point pressure caused by the appearance of gas bubble. As the pressure is further reduced, there is 

a rise in the light transmittance. This is because further reduction in pressure below bubble point pressure 

generated more gas and re-dissolved the dispersed asphaltene particles [10].  The highest peak of both light 

transmittance curves marks the lower asphaltene onset point (AOP) where the dispersed asphaltene particles 

fully dissolved in the oil. Further reduction in pressure causes no change in the light transmittance.  

 According to Wang et al., [8] above the bubble point, the overall density of the oil is decreasing and the 

volumes occupied by the lighter components are increasing more rapidly than those of the heavier, less 

compressible components of the oil.  Whether asphaltene becomes unstable depends on the stability properties 

of the asphaltene and on the solvent properties of the oil as a function of pressure. At pressures below the bubble 

point, light components are removed from the liquid phase as gas evolves. The solvent quality of the oil 

improves and asphaltene may redissolve.  

 The above statement proved that the stability of asphaltene highly depends on the properties of asphaltene 

and also on the solvent properties of the oil as a function of pressure. In a condition in which the oil properties is 

not in favour for the stability of asphaltene; i.e. when the oil composition changes due to injection of carbon 

dioxide (CO2) gas together with the great reduction in the pressure, high tendency of asphaltene precipitation 

might occur. The asphaltene onset point (AOP) is estimated to occur at the pressure slightly above the saturation 

pressure. This can be seen as in the figure above where for the 45cc oil 18cc CO2 with the saturation pressure of 

1498.375psi, the Asphaltene Onset Point (AOP) occurred at 1620 psi while for the 45cc oil 27cc CO2 with 

saturation pressure of 2046.502 psi, the asphaltene onset point (AOP) occurred at 2230psi. 

 

Conclusion: 

The following are the conclusions: 

 The increase in the amount of carbon dioxide (CO2) injected into the oil sample caused the properties such 

as saturation pressure, density and relative volume to increase.  

 For 45cc oil 18cc CO2, the experimental saturation pressure is 1498.375psi and the asphaltene onset point 

(AOP) occurred at 1620psi.  

 For 45cc oil 27cc CO2, the experimental saturation pressure is 2046.502 psi and the asphaltene onset point 

(AOP) occurred at 2230psi.  

 The increased in the amount of carbon dioxide (CO2) increased the asphaltene onset point (AOP). 

 The increase in the amount of carbon dioxide (CO2) injected into the oil accelerated the precipitation of 

asphaltene or in other word caused the instability of asphaltene to occur in higher pressure.  

 Reduction in pressure significantly affected the stability of asphaltene at constant temperature.  

It is recommended that other solvent can be used to make a comparison. 
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