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Black power represents the main difficulty faced by the oil flow in pipelines.
The negative effect of this powder reaches to stop the oil flow due to
clogging the pipelines, in addition to the damaging of the crude oil pumps.
Many solutions have been proposed in literature based on chemical or
physical processes. On the other side, applying the fixed magnetic
field has been presented in separation and extraction process of metal
impurities in water pipelines applications. From these facts, this paper
proposes an alternative solution (idea, design, and methodology for future
implementation) for the black power removing from oil pipelines.
The proposed system works on firstly sensing the resistivity parameter in
the crude oil as an indication about the oil status with respect to the quantity
of the black powder particles, then works on monitoring and controlling
the level, location, and polarity of the required magnetic field that to work on
cracking particles cracking function that in order to facilitate the crude oil
motion in the pipelines. In addition, the proposed solution presents a new

design of electrical resistivity sensor as an important indication in terms of
evaluating the proposed system performance.
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1. INTRODUCTION

The oil flow in pipelines has the problem of including the mixture of fine particles of different
metals and non-metals which is known as black powder. Most pipeline operators are familiar with this
problem and with its consequences in all oil treatment stages starting from first step of well’s pumps till
the last step of oil delivery [1-3]. Wet substances, dry substances, and fine powder are all representing
different forms of black powder. Any form of this powder can either decelerating the oil rate or reducing
the product’s quality. As well as that there are many environmental hazards on human and animal health due
to the black powder’s components like mercury, radioactive and pyrophoric materials like iron sulfides.
By removing or reducing the black powder, definitely, the consequences of the environmental hazards will reduce,
in addition to an enhancement in terms of overall oil system performance and quality of the produced oil [4, 5].
The study in [6] showed and confirmed that the black powder has an amorphous nature, in different particle
sizes and concluded that the black powder’s particles can break and shear into submicron sizes easily as
shown in Figure 1.
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Black Powder removal has been done using conventional methods of a chemical or a physical
process, these processes are suffering from many demerits of high cost and time delay, such as most
the highly cost of chemical cleaning process, an addition to the cost of pipelines drying process [7, 8].
Whereas the black powder removal by a physical process needs to extra power for the pigging and the high
velocity flushing process, and pigging with solvents or gel, using cleaning tools for pipelines as shown in
Figure 2 (a), whereas the cleaning process tools shown in Figure 2 (b) [4, 6, 9].

Figure 1. Black powder particles through an electron microscope [6]

/ Pig Pig
Deposits Receiver
Launcher .
Pig i —
. |
1
Uy )
(11
R Pipeline
Flow direction
(b)

Figure 2. Various mechanical cleaning pigs, (a) different shapes of cleaning tools, (b) cleaning process [4]

2. APPLYING MAGNATIC FIELD IN SEPARATION PROCESS

Adopting the magnetic field as au effective solution for the process of separating the mineral ores as
impurities from the mixtures is proposed since a long time [10]. Magnetic impurities removal process have
been experimentally investigated on a diluted suspension in the study of [11], in which theoretical models
have been described satisfactorily for magnetic separating process. In spite of Svoboda in [11] was presented
the High-Gradient Magnet in 1986 as an effectiveness solution for separating process in mining industry,
the study needed to combine between the related theory and industrial sides.

Due to the magnetic nature of iron species, conventional methods of chemical process did not
effective for magnetic impurities removal compared to the magnetic field and the effectiveness of the field in
removing process [10], the study of [10] has been concluded and confirmed that the technology of the high
gradient magnetic separation (HGMS) is feasible for magnetic impurities separating process, in addition to
the possibility of using permanent magnet for the same aim.The study of [12] has been focused on
the performance of a high-gradient magnetic separator in terms of ultrafine particles based on the pulsating
technique through HGMS system, it has been confirmed that the performance considered of a low cost
process due to the lower energizing cost. Whereas High gradient magnetic separator’s performance analysis
has been presented in [13] for powder material processing. Other studies of [14-18] are also shown
the impact of the black powder removal from Qil Pipelines of the oil production, and fluid properties.
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From the above studies of [10-18], it is clearly noticeable that the effectiveness of magnetic field for
the extracting the metals’ impurities from the mixtures, here the important conclusion is that there will be
high positively effect from using magnetic field in cracking the black powder particles in the crude oil.

3. PROPOSED IDEA AND SYSTEM DESIGN

Based on the above about the function of the magnetic field, and comparing to the conventional
methods of black powder removal, and also based on the abilities of computerized systems for monitoring
and/or controlling functions [19-32], the presented method in this paper focuses on controlling the level,
location, and polarity of the allocated magnetic field in order to remove the black powder from crude oil.
On the other hand, due to adopting the electrical resistivity measuring for well logging development [33],
a new design of resistivity sensor in presented in this study in order to sense the crude oil resistivity will be
presented through which the proposed system’s performance can be evaluated. The proposed sensor works
on measuring the oil resistivity before and after the considered activity of black powder removal. The oil
resistivity is adopted to evaluate the positive effect of the magnetic field on cracking the black powder
particles, in other words, the crude oil resistivity will be increased after the particles cracking action due to
the increase of crude oil penetration among the black powder particles. The controlling function to magnetic
field strength based on the fact of that Passing direct current through an inductor results a vector quantity of
magnetic field of unit tesla [T], the magnetic field strength is proportional with the level of passing current |
and number of conductor turns N whereas inversely proportional with the length of the core L, and adding
the iron core will significantly increase the magnetic field strength as shown in Figure 3 and explained in (1),
and (2) in which p, is constant and represents the air permeability [34, 35].

Figure 3. The magnetic field direction in a solenoid [29]
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The proposed design of the black powder removal system adopts the flexibility of the modification
of any relevant parameter such as the power consumption of the induced magnet and the size or shape of
the resistivity sensor, in addition to the flexibility in terms of controlling and monitoring functions through
a computerized processor. Figure 4 shows a block diagram of the proposed system, the system includes two
sensing units, each of them involves, resistivity sensor and adaptation circuit. The function of each sensing
unit is producing an analog voltage with voltage range proportional with the crude oil passing through
the sensor location. The two sensing units are located before and after the designed magnets that to accurately
evaluate the effectiveness of the magnets’ performance. The level of power which will be consumed for
producing induced magnets that can be monitored and controlled through a computerized system.
The proposed system involves a variable DC power supply which can be represented by high power direct
current DC drive which is able to control the delivered load voltage and current.
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Figure 4. Block diagram of the proposed magnetic system for black powder removal application

4. RESISTIVITY SENSOR DESIGN
The idea of the proposed sensor of resistivity measurement is proposed based on the relationship of
the resistance value based on material resistivity (3) [36], then the resistivity value can be calculated by (4)

l

©

On the other side the practical value of sample resistance can be found by measuring the value of voltage
across the material sample and the passing current through the sample, then applying Ohm’s law as shown in (5).

R=
Ig

®)

So for any value of length | and area A, the resistivity value can be determined using (4). Figure 4
shows two shapes of the proposed sensor. Here it is clear to notice that the area A of Figure 4 (a) can be
determined using (6) whereas the area A of Figure 5 (b) can be determined using (7).

A=XXY (6)

A=mXr? (7)
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Figure 5. Shapes of the proposed sensor for resistivity measurement
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5. CONCLUSION

An alternative solution for black powder removal purpose is presented in this paper. Based on an
accurate study to the literature of the mentioned purpose field, this study found that the induced magnet can
play an effective role in this regard. A new system design with new methodology has been presented in this
study through a computerized system. The system design is characterized flexibility, scalability and
integration because it works on firstly sensing the samples, monitoring and analysis the sensing parameters
then controlling the load power which represents the strength of the induced magnet. Also the presented
solution introduces a new sensor design in order to measure the instantaneous value of the crude oil
resistivity at the location of testing. The presented design is promising prototype a successful prototype of
future implementation.
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