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Abstract 

The stability of heavy fuel oil is widely existed in transportation, power generation, 
chemical industry, metallurgy, light industry and other industries, which has become a 
hot and difficult research point at home and abroad. At present, an accurate and reliable 
method is urgently needed to quantitatively evaluate the stability of heavy fuel oil and 
provide technical support for related industries. The instability of heavy fuel oil is 
mainly caused by the flocculation and precipitation of asphaltenes. In this paper, the 
mechanism of flocculation and precipitation of asphaltenes is studied, and four effects 
affecting asphaltenes precipitation are described. Then the paper compares the methods 
of asphaltene flocculation and precipitation at home and abroad and puts forward a 
method based on near infrared light detection to evaluate the stability of heavy fuel oil. 
Two groups of experiments were carried out to analyze the heavy fuel oil from three 
different users, namely, the stability experiment of heavy fuel oil based on near-infrared 
light detection and the experiment of bituminous particle size and quantity change 
analysis. The experimental results show that the difficulty of flocculation and 
precipitation of asphaltenes can be reflected by the change of transmittance, and then 
the stability of heavy fuel oil can be reflected. The repeatability error of heavy fuel oil 
stability based on nIR light detection is less than 0.5%. The method has the advantages 
of high accuracy, good reliability, good applicability, short detection time and good 
economy. 
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1. Introduction 

The instability of heavy fuel oil is mainly caused by the flocculation and precipitation of asphaltenes, 

which is the most polar component and the largest relative molecular mass of heavy fuel oil.In this 

paper, the heavy fuel oil with asphaltene flocculation and precipitation is scanned by nIR light to 

measure its transmittance, and a quantitative evaluation model for the stability of heavy fuel oil is 

established through the transmission light.At the same time, the oil particle size analyzer is used to 

detect the change of particle size and number of particles in asphaltene flocculation precipitation, 

analyze the influence of particle size and number of particles on the stability of heavy fuel oil, and 

form a comparison test with the transmittance method to verify the feasibility of the detection method 

based on near-infrared light.  
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2. Research status at home and abroad 

2.1 Study on flocculation and precipitation mechanism of asphaltenes 

Asphaltenes, colloids, aromatic fractions and saturated fractions in fuel oil constitute a dynamic and 

stable colloidal system. Yan Deford [1] proposed a colloidal structure model with asphaltenes as the 

core and colloids adsorbed around them as the solvent layer to form the dispersed phase, while other 

components constitute the dispersion medium.As for the mechanism of asphaltene flocculation and 

precipitation in the fuel oil colloidal system, Mansoori[2] proposed four effects that influence the 

flocculation and precipitation of asphaltene. According to the nature and state of the fuel oil, 

asphaltene can be deposited by one or more effects from the following flocculation and precipitation 

mechanism. 

2.2 Method for detecting asphaltene flocculation and precipitation 

At present, the detection methods of asphaltene flocculation precipitation mainly include two kinds, 

one is the detection of asphaltene precipitation point, the other is the detection of asphaltene 

precipitation amount. If the precipitation agent is constantly added to the fuel oil, the colloidal system 

of heavy fuel oil will change, causing different degrees of asphaltene aggregation. When the 

concentration of the precipitation agent reaches a certain value, asphaltene suddenly forms 

flocculation and precipitates out, which is called the asphaltene precipitation point. Determination of 

asphaltene precipitation point the visual measurement method is more direct and simple, or drop 

diffusion method, namely to contain the asphaltenes in the fuel oil and precipitation drops gradually, 

and then apply a small amount of liquid with a glass rod in visual analysis on filter paper, observe 

and compare the spread of the liquid on the filter paper shape and color, defect is low precision of the 

method and not suitable for quantitative description. In recent years, a variety of instruments based 

on ultrasonic, optical, viscosity change, electrical conductivity and other principles have appeared in 

succession to measure asphaltene precipitation points. 

To sum up, there are many methods to detect the asphaltene precipitation points. According to 

different principles, the asphaltene precipitation points are characterized by the changes in the 

properties of the sedimentants and fuel oil mixture solutions. 

If a precipitant is added to fuel oil, asphaltenes can be completely precipitated and weighed, and the 

quality of the precipitated asphaltenes can be taken as the amount of asphaltenes precipitation. 

The following is the typical experimental methods: Tomas [3], such as adding fuel oil solution to visual 

kettle, and constantly add precipitant, after mixing solution to balance such as kettle, solutions of fuel 

oil from the kettle, using a particle size of 2 microns filter the solution, to filter the insolubles in 

weighing, determination of asphaltene precipitation amount. Novosad et al. [4] took CO2 as the 

precipitator, mixed it with fuel oil solution at a specific temperature and pressure to an equilibrium 

state, and then the solution was flashover to atmospheric pressure to detect the quality of the flashover 

asphaltene precipitation, that is, the amount of asphaltene precipitation. Monger et al. [5] designed a 

circulating kettle device, which can generate high pressure and high temperature, and make the 

volume change. A filter device (with particle size of 0.5 m) was placed in the loop of circulating kettle 

device, and the asphaltene precipitation obtained from filtration was weighed after drying in the air 

to obtain the asphaltene precipitation amount. To sum up, the detection of asphaltene precipitation is 

more difficult to determine than the detection of asphaltene precipitation points, and the experimental 

results are more difficult to compare. 

Stability of heavy fuel oil through the above analysis, the research status at home and abroad for 

asphaltene precipitation point and asphaltene precipitation test research are many, but not of 

asphaltene precipitation starting point precipitation, flocculation process, end points, and fuel oil 

stability and deposition rate mapping research, however, this is the key to evaluate the stability of 

heavy fuel oil. 
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3. Experimental methods and results based on near infrared light detection 

3.1 Near infrared spectroscopy 

Near infrared spectroscopy is a technology that USES appropriate chemical and physical methods to 

extract the relevant information of the detected substance in the near infrared spectroscopy region 

and conduct quantitative or qualitative analysis of the detected substance.Compared with other 

traditional analytical techniques, nIR spectroscopy has the advantages of short detection time, high 

analysis efficiency, wide application range, low cost and good repeatability, etc. Importantly, it is not 

destructive to the measured materials. 

3.2 Based on the principle of near infrared detection 

Transmittance is defined as the ratio of transmitted light intensity I to incident light intensity I0, which 

can be expressed as follows 

0

100%
I

T
I

=                                   (1) 

Lambert-beale's law [6] is the fundamental law of light absorption.This law describes the relationship 

between the absorption intensity of a medium to a light source and the thickness and particle 

concentration of the medium. 

0

NCLI I e−=                                  (2) 

According to Lambert - Beer's law, the transmittance of solution is mainly related to the number and 

particle size of asphaltene particles per unit volume in the solution under the irradiation of infrared 

light with a given wavelength.Fuel oil colloid system of asphaltene molecules and glial molecular 

interaction form micelle, stable existence, as the system of zhongzheng heptane are added to the 

stability of the colloid system is destroyed, colloid and asphaltene detaches, asphaltene particles grew 

up continuously gathered large particles and formed asphaltene flocculation precipitation. 

In summary, the transmittance is the ratio of the intensity of transmitted light to the intensity of 

incident light. Under the irradiation of a given wavelength of infrared light source, the transmittance 

of solution is mainly related to the number and particle size of asphaltene particles per unit volume. 

When asphaltene particles produce flocculation precipitation, the transmittance of heavy fuel oil 

mixed solution will increase, and the velocity of flocculation precipitation corresponds to the 

increased velocity of transmittance. Therefore, the change of transmittance can be used to characterize 

the ability of asphaltene to flocculate precipitation, and then the stability of asphaltene in fuel oil can 

be evaluated. 

3.3 An experimental method based on near infrared light detection 

In this experiment, toluene was used as the diluent and n-heptane as the precipitation agent, and the 

oil diluted by n-heptane and toluene was mixed to asphaltene for flocculation and precipitation. 

During the mixing process, the samples were scanned from bottom to top and their transmittance was 

measured. For testing the transmittance of three kinds of heavy fuel oil for different users, the 

transmittance induction scanner, which is researched and developed on the basis of ASTM D7061-

06 standard [7], is shown in Figure 1. The device can determine the asphalt content is low in heavy 

fuel oil, timely and react accordingly, determination of asphaltene precipitation point, through the 

analysis of the changes of light transmittance to response asphaltene flocculation precipitation, to the 

difficulty of the, in turn, reflects the merits of the stability of heavy fuel oil, with high accuracy, good 

reliability and good applicability, short detection time, economy the advantages of good. The 

technical parameters of the instrument are as follows: 

The wavelength of near-infrared light source is set at 850nm.The light intensity in the tube to be tested 

is 400CD; The light path is set as a circular light path; The single scan time is 5s; Serial debugging 

software can be used to collect the transmission light intensity detected by the near-infrared light 
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scanning device and calculate the transmittance. Meanwhile, the software can set its sampling 

frequency, which can be selected within the range of 200-2000Hz 

 

 

Fig.1 The real figure of transmission induction scanning device working platform 

 

In the experiment, due to the addition of n-heptane, asphaltenes in oil products constantly aggregate 

to form large particles, that is, flocculation occurs. Then, under the action of gravity, the asphaltenes 

of large particles begin to settle and form precipitation. The transmittance also changes with the 

flocculation precipitation of asphaltenes. Along the height of the test tube, the transmittance of the 

higher part increases gradually, and with the precipitation of asphaltenes, the range of transmittance 

also increases gradually from high to low.The change of test tube with time for asphaltene flocculation 

precipitation during the experiment is shown in FIG. 2. 

 

 

Fig.2 The variation with time in the test tube 

 

3.4 Test results and analysis 

According to the above steps of the stability experiment of heavy fuel oil based on near infrared light 

detection, more than five times of experiments were carried out on three kinds of numbered heavy 

fuel oil, and the experimental results were obtained and the transmittance curve was drawn.In order 

to better analyze the flocculation and precipitation process of asphaltum, the average value of each 

scanning transmittance of three oil products with time was plotted as a curve, as shown in FIG. 3. 
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Fig.3 The average transmission curve 

 

It can be seen from the average transmittance curve that the whole separation and precipitation 

process of asphaltene phase can be divided into three stages: low transmittance zone, accelerated 

transmittance zone and high transmittance zone. At the beginning of the reaction, asphaltene has not 

yet been separated from the mixed solution, and the transmittance of this region rises slowly from 

low and almost constant to asphaltene flocculation. The longer the duration of the low transmittance 

zone, the more difficult the asphaltenes in the oil are to be flocculated and the better the stability of 

the oil is. The transmittance of #3 oils has a long time in this region, so they are more stable than 

other oils. The faster the increasing speed and the longer the duration of transmittance in the 

accelerated transmittance zone, the easier the asphaltenes are to be flocculated and the worse the 

stability of the oil is. The transmittance of #1 and #2 oils increases very quickly, so they are less stable 

than #3 oils. The transmittance of the high transmittance zone increases slowly, and a small amount 

of asphaltene continues to be separated from the mixed solution, which is mainly due to flocculation 

and precipitation of asphaltene small particles. The change of the stability of the high transmittance 

zone is affected by the previous two stages. When the duration of the accelerated transmittance zone 

is short and the duration of the high transmittance zone is long, it has a significant influence on the 

stability of oil products. 

Through the analysis of the asphaltene flocculation precipitation process, the asphalt from 

flocculation start to the end of the precipitation correspond completely from scratch and fast increase 

until a steady process, analyzing the change of the light transmittance can thus response asphaltene 

flocculation precipitation, to the difficulty of the, in turn, reflects the stability of heavy fuel oil. 

4. Conclusion 

Firstly, the mechanism of asphaltene flocculation and precipitation was studied, and the methods of 

studying asphaltene flocculation and precipitation at home and abroad were compared. The instability 

of heavy fuel oil is mainly caused by the flocculation and precipitation of asphaltenes. Finally, this 

paper puts forward the method based on near-infrared light testing the stability of heavy fuel oil, light 

transmittance through curve in asphaltene flocculation precipitation the whole process of light 

transmittance is established the mapping relationship with flocculation precipitation speed, based on 

the near-infrared light testing to assess the stability of heavy fuel oil repeatability error less than 0.5%, 

the method has high accuracy, good reliability and good applicability, short detection time, economy, 

the advantages of fine and through grain size analysis experiments verify the feasibility of near-

infrared based on detection method. 

Light transmittance（%） 

(min) 
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