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Abstract




Asphaltenes are always present in crude oils, their instable form in oil could cause some problems. The asphaltene instability occurs due to variations in the pressure, temperature and composition. When asphaltene instability arises in oil, it deposits in the oil production, transportation, and processing stream. Finding the accurate place of this instability in oil pipes and reservoirs is of the most important. It should be mentioned that, the instability is not always considered as the prerequisite to create deposit in flow lines, because asphaltene flocs are carried out by the oil flow so they make no deposit. Therefore, assessing the behavior of asphaltene deposits in flow systems is necessary.



To improve understanding and, hence, prediction of asphaltene deposition, several tests have been reported. Accordingly, asphaltene deposit in steel pipes with large diameter, capillary tubes, beds and Taylor-Couette cells can be mentioned. A capillary deposition test in long stainless steel capillaries has been used to investigate the tendency of a wide variety of oils to create deposits. In the capillary tube test, the measurement of pressure variations along the tube is utilized to assess the amount of deposit its. Findings of this section have been used to simulate asphaltene behavior in the reservoir porous media. Other tests have used pipe circular and a Taylor-Couette cell. They measure the amount of deposit indirectly by measuring temperature in different parts of the system. And their data are being used to develop simulators to predict the rate of growth of arterial asphaltene deposits under wellbore conditions.
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Introduction 






Generally, asphaltenes are part of the crude oil that is insoluble in normal alkanes (e.g., n-pentane and heptane) but soluble in aromatics (e.g., toluene and benzene). Also they have highest molecular weight and most polar oil components [1,2]. Asphaltenes composition, structure and stability are dependent on its source, and the type of solvent used for the extraction of oil [3-11]. Formation of asphaltene deposition during petroleum production causes several operational issues such as total or partial blocking of pipeline and wellbore, changes in wettability and some damages in equipment [12]. The flow assurance problem in the oil industry is identified as creating deposit in oil transfer pipes and oil reservoirs. The adsorption and deposition of asphaltenes on steel surface would restrict oil flow in the transportation pipelines [13,14]. The remediation of asphaltene problem would be very costly and in some cases it is considered as one of the designing parameters [15-18]. In many cases, the potential of organic solids depositions force the field managers to rely mostly on the chemical and mechanical remediation methods [19-22]. Asphaltene deposition in pipelines is a too complex and also depends on many parameters such as flow shear rate, surface type and characteristics, particle size and particle surface interactions [8]. Although, asphaltene precipitation in oil is a perquisite to create deposition but it is not enough and after precipitation, asphaltene particles need to approach the surface and stick to it to create asphaltene deposition, flow assurance problem, in the pipe lines. Therefore, better understanding of the mechanism of solid deposition is required for proper design treatments, including the effect of pressure, temperature, composition, additives and flow conditions. In the present research, a variety of laboratory methods of studying asphaltene deposition were assessed. Accordingly, designed and used laboratory apparatuses are stated and subsequently, each of them is described shortly.





Discussion


 
Tests of asphaltene deposition have been conducted primarily in two geometries: tubes of capillary (or a packed bed of beads) or larger dimensions and Taylor-Couette (TC) cells. Long capillary tubes, mainly of stainless steel, allow pressure measurements in a high surface area, low volume environment. In large diameter pipes, the asphaltene behavior is basically assessed by measuring temperature, pressure and sometimes amount of deposition directly. Therefore, the impact of concentration, flow and temperature on the asphaltene deposit in the pipe is studied. In tests with larger tubes wall temperatures were higher than the bulk temperature of the destabilized oil.






Capillary Tests


 



Brosetta et al. [23] developed the asphaltene capillary deposition test and established clearly that deposition occurs only when asphaltenes are unstable. They concluded that increasing molecular weight of asphaltene precipitant leads to the higher amount of deposition and also the rate of deposition increases with the distance from the deposition onset. Wang et al used a 100ft long stainless steel capillaries at low shear rates. They represented that, flow rate and length of capillary tube have no influence on the rate of deposition. They also showed that, by increasing the molecular weight of insoluble solvent the amount of deposition is more than the soluble solvent [11]. Hoepfner et al and Chai soon tornyotin et al investigated the deposition of asphaltenes in capillary tubes with different crude oils and nalkanes [24,25]. They have observed that asphaltene deposits are formed even at n-alkane concentrations below the point of instantaneous asphaltene aggregation detection. The results of Hoepfner et al. reveals that the main factor controlling asphaltene deposition is the concentration of insoluble asphaltenes present in a crude oil precipitant mixture and the instantaneous onset point is irrelevant to the deposition process.

Nabzar et al. [26] investigated the formation of asphaltene deposits in porous media and capillary tubes. The scaling relations between rate of deposit formation and flow rate were find to be independent of crude oil origin. They showed that there are two critical shear rates that affect deposit creation: at low shear rates up to first critical shear rate the deposition is in diffusion-controlled regime, whereas beyond the firsts critical shear rate to the second critical, the deposition of colloidal asphaltene is more sensitive to shear rate than the previous regime while both critical shear rates depend on stability of asphaltene in the mixture. Hashmi et al. [27] also studied asphaltene deposition in capillary tubes and observed similar behavior to Nabzar et al at high flow rates.

Bennett and Eskin et al. [28] introduced the asphaltene particle size as an important variable in the asphaltene deposition process, where an interplay between shear and adhesion forces on depositing asphaltenes will determine whether the asphaltene will adhere to the surface [4,28]. A new deposition apparatus, a packed bed of stainless steel beads, was designed and constructed to investigate asphaltene deposition. They observed that the asphaltene deposition rate increases linearly with the concentration of unstable asphaltenes and the asphaltene deposition process can be explained by a diffusion- limited deposition of nanoparticles [29].






Pipe-circular









 




Jamialahmadi et al. [5] investigated the mechanisms of deposition of flocculated asphaltene experimentally and theoretically under turbulence condition. The effects of oil velocity, flocculated asphaltene concentration and temperature on the rate of asphaltene deposition were investigated. Their results showed that the rate of asphaltene deposition increases with increasing flocculated asphaltene concentration and temperature while it decreases with increasing oil velocity. Salimi et al. [30] reported similar finding about asphaltene deposits in flow lines under smooth flow [9]. Shirdel et al. [31] studied the application of some particle deposition to predict published experimental data. Based on the studies performed, the authors concluded that the deposition models satisfactorily agree with experimental data and also applicable for modeling asphaltene deposition in crude oils as well as other particle deposition in gas flow streams. They also observed that increasing the flow velocity and decreasing the tubing surface temperature decreases the deposition rate significantly.

a novel experimental flow loop setup was designed by Khorram et al. [6] and constructed to carry out the turbulent flow of oil (Re up to ≈ 7500) through continuous measurements of pressure drop across the pipe. Their results showed that flow rate and asphaltene concentration are two most important factors in the rate of asphaltene deposition and decreasing them cause the attachment of asphaltene particles to the surface are decreased. One study using a fixed flow rate and changing ratios of heptane to two different petroleum fluids concluded that the amount of precipitating material is a strong contributor to the deposition behavior: when too little heptane was added to the petroleum fluid, very little deposition occurred; while the largest amount of heptane used, 50% by volume, generated the most deposition [25].

In larger metal pipes (24mm diameter), decreasing flow rate and increasing asphaltene content were both found to increase deposition, but the control parameters were varied only by a factor of two [32].

Furthermore, there is disagreement regarding the uniformity of deposition along the axial direction in a pipe. Evidence has been presented to suggest both that deposition is uniform throughout a given length of pipe and also that deposition occurs mainly near the pipe inlet [11,25]. A pipe- loop apparatus for investigation of oil stability was used to measure deposition thickness by salami et al. The effects of many factors such as oil type, oil temperature, oil velocity, inhibitors, and solvents on asphaltene deposition were investigated. Their findings showed that, the Heptane amount causes to deposition increase but the Toluene amount and the oil temperature have no influence on it and adding inhibitors decreased the rate of asphaltene deposition [8]. It should be pointed out that, even oil with stable CII will create deposition over a long time.

The TC apparatus was used to measure the asphaltene deposit and wax as a time function but the amount of asphaltene deposit was low, and deposit formation remained constant after a while. Results showed that, the oil still has constituents of deposit and if it uses again, the deposit will created by decreasing the pressure [33]. However, for oil with low asphaltene content, the amount of obtained asphaltene was a very small thus interpretation of tests was difficult. In order to overcome the limitation, later work was done with supplying fresh sample during the test. They found that shear has a significant impact on deposition in TC cell where the rate of asphaltene deposition is smaller at a pressure close to onset point than pressure close to bubble point of reservoir fluid [16].







Conclusion







In the present research, results of studying the asphaltene deposit as well as findings related to large diameter pipes, capillary tubes and sand bed apparatuses were assessed. Results showed that, experiments of capillary tubes were applicable to simulate the deposition of asphaltenes in porous media. The capillary tube results indicated that increasing amount of asphaltene precipitant leads to the higher amount of deposition and asphaltene deposits were formed even at n-alkane concentrations below the instantaneous onset point. Again, assessing the deposit in pipes with large diameter was applicable for wellbore simulation. Results of asphaltene deposition in large diameter pipes indicated that the increased flow rate of oil causes to decreased deposition. As the oil velocity increased, less deposition was noticed in this experimental study. Results of TC cell indicated that deposition tests can be performed on asphaltenic oils and the deposit wills create by decreasing the pressure.
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