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Abstract: The blending of rheologically complex crude oils with each other or with condensates 
presents challenges such as sedimentation, phase separation and viscosity changes. Storage, 
transportation and dehydration processes are also affected due to the non-additive behavior of oil 
mixtures. This study examines the impact of blending on key physical-chemical properties, including 
density, viscosity, freezing point and demulsification efficiency. Crude oil samples from the "Bulla-
BN" and "Siyazan-SN" fields in Azerbaijan were blended in various ratios and analyzed using GOST 
standards. Results showed that blending led to anomalous deviations from the additivity rule, 
particularly when BN oil reached 50%, causing sharp increase in density and viscosity. Additionally, 
demulsifier consumption varied significantly based on blending ratios, with some mixtures 
exhibiting a positive synergy effect that reduced reagent usage. For example, at a 60% dehydration 
level, demulsifier consumption was reduced to 17 g/t for a 30:70 oil-1 to oil-2 blend and 10 g/t for a 
40:60 blend. This study provides insights into optimizing crude oil blending for improved 
transportation, processing efficiency and economic evaluation. The findings contribute to better 
demulsification strategies and pricing accuracy in blending operations. 

Keywords: oil blending; physical-chemical analysis; additivity rule; freezing point; density; 
demulsification 
 

1. Introduction 

In oil and gas production practices, the mixing of various types of crude oil and oil products 
during storage, preparation and transportation processes is a widespread phenomenon. Oil blending 
occurs during collection and transportation through manifold and flow lines, pipelines, and tanks. 
Recent scientific research and experimental studies indicate that, for some oil blends, parameters of 
practical importance such as density, viscosity, freezing point and volume often exhibit anomalous 
and sharp changes. Proper management of transportation parameters and energy characteristics is 
crucial for enhancing the efficiency and reliability of pipeline transportation of crude oil and oil 
products [1–6]. 

At all stages of collection, preparation, transportation, and storage, one of the most significant 
factors influencing the quality indicators and changes in the physical-chemical and rheological 
properties of oil is their blending. The mixing of different types of crude oil samples and oil products 
also occurs during sequential transportation through pipelines. Specifically, in the contact zones 
between two sequentially transported products, a certain volume of a mixed blend typically forms. 

In many cases, the "incompatibility" of mixed crude oil can lead to technological issues, such as 
the formation of blockages and sediments in collection and transportation pipelines. Furthermore, 
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significant and often anomalous changes in parameters such as density, viscosity, freezing point, and 
volume are observed. Even the mixing of two "good" stable oil samples may result in the formation 
of a problematic blend, characterized by the precipitation of heavy particles (Figure 1). Since such oil 
samples can be considered an "undesirable" pair, it is critical to account for the factor of 
incompatibility during their blending [7–10]. 

 

Figure 1. Formation of sediments and blockages in pipelines. 

Analysis indicates that during the collection, preparation and transportation of well products 
with varying rheophysical properties, including water-cut crude oil via pipeline systems, whether 
through mixing or deliberate blending, the changes in the quality indicators of oil mixtures are often 
overlooked and in most cases are not even a subject of study. It is well known that the quality 
indicators of commodity crude oil are primarily determined by their density and the sulfur content 
(mass fraction). An increase in these indicators not only degrades the quality of the oil but also lowers 
its market price. It can be assumed that the price of one ton of crude oil is inversely proportional to 
its density and sulfur content. Heavy oil samples with high density are not supplied to terminals and 
general-purpose pipelines. Such oil samples are pre-mixed with higher-quality, lighter crude oil and 
gas condensate to dilute them and improve their quality before being delivered. In general, crude oil 
with a sulfur content exceeding 2% must be pre-treated or blended with higher-quality crude. 
Consequently, when crude oil of different qualities is transported, mixing occurs at terminals and 
within pipelines. As a result, since the blended crude and the individual crude oil involved in the 
mixture have different quality characteristics, price differences inevitably arise between them. 
Regardless of how crude oil is delivered to terminals, whether via pipelines, rail or sea, the key 
requirement is to determine the actual quality indicators and the price per ton for both incoming and 
outgoing crude blends through laboratory analysis. In practice, due to mixing, the price per ton of 
crude oil at a terminal’s entry and exit points can differ by 10 or even hundreds of US dollars. Such 
price differences can typically be balanced using a "crude oil quality bank" system.  

Furthermore, unlike commodity crude oil, the list of quality indicators for raw crude oil is much 
broader, including parameters such as density, mechanical impurities, chloride salts, paraffin 
content, resin and asphaltene levels, pour point, etc. Field experience shows that although blending 
different grades of raw crude is often "undesirable," it inevitably occurs in storage tanks and 
transportation systems (pipelines). When different types of crude oil are mixed in the same storage 
tank at production sites, their quality parameters and the accuracy of accounting are significantly 
affected. It is no coincidence that in such cases, substantial discrepancies arise between measured 
values in crude oil accounting at reception and delivery points. 

2. Materials and Methods 

Obtaining information on the quality indicators of oil during blending is crucial not only for 
accounting purposes but also for forecasting the operational regimes of blending stations, storage 
tanks, and processing facilities. Global practice shows that the impact of the blending process on the 
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physical-chemical and rheological properties of oil can differ significantly from the models and 
calculation schemes applied to ideal solutions (mixtures) [11]. 

For instance, crude oil samples extracted from the "Bulla-BN" and "Siyazan-SN" (Azerbaijan) 
fields were used as the research objects. The results of initial laboratory analyses reflecting the 
physical-chemical and rheological properties of these oil samples, as well as the methods used for 
testing (GOST standards), are presented in Table 1. As seen in Table 1, the selected oil samples differ 
in composition and properties. 

Table 1. Rheophysical and physico-chemical properties of Bulla (BN) and Siyazan (SN) crude oil samples. 

Indicators BN SN Analysis Methods 

Density (at 20°C), kg/m3 973,4 978,9 GOST-3900 
Kinematic viscosity, mm2/s 15,76 8,23 GOST-33 

Resin, % 10,27 11,12 Chromatograph 
Asphaltene, % 0,23 0,81 GOST-11858 

Paraffin, % 13,34 1,18 GOST-11851 

Saturated Vapor Pressure, kPa 16,2 13,9 GOST-1756 

Freezing Point, °C +9 -6 GOST-20287 
Mechanical Mixtures, % 5,72 4,83 GOST-6370 

3. Results  

For the research, BN crude oil was blended with SN crude oil in various proportions under 
laboratory conditions, and key indicators for the resulting mixtures were determined in accordance 
with GOST standards. The changes in these indicators depending on the blending ratio of SN oil with 
BN oil are shown in Figure 2. 

 

Figure 2. Blending of "Bulla" (BN) and "Siyazan" (SN) crude oil samples. (The dashed lines in the figure represent 
the changes determined based on the additivity rule). 
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As shown in Figure 2, during the blending of BN and SN oil samples, the changes in quality 
indicators depending on the mass fraction of BN oil do not follow the additivity rule. Specifically, 
density, viscosity, resin content, and freezing point increase sharply, while the saturated vapor 
pressure undergoes significant changes. This primarily occurs when the BN oil concentration reaches 
50%. 

The non-monotonicity of the dependencies of quality indicators indicates that the resulting 
blends cannot be considered additive. In some cases, the blending of oil leads to anomalous changes 
in quality indicators, while in others, their blending is deemed entirely "undesirable." 

In addition to these findings, laboratory studies were conducted to investigate the impact of 
blending crude oil emulsions with different water contents and condensate on their quality indicators 
and the efficiency of the emulsion dehydration process. 

Two oil samples (oil-1 and oil-2) with water contents of 34% and 75%, respectively, and a water-
free condensate sample were selected as research objects. These samples, differing in their physical-
chemical and rheological properties, were studied in the laboratory in accordance with relevant 
GOST standards and normative documents. Their physical-chemical properties (quality indicators, 
such as density, viscosity, freezing point, and the amount of ballast components) were determined 
(Table 2). 

Table 2. The determined quality indicators for condensate, oil samples, and their various mixtures. 

Indicators 
Condensate 

sample 

Oil samples 
 

Mixture of 1st and 
2nd oil emulsions 

Oil-1 Oil-2 50% : 50% 

Density, at 20 °C, kg/m3 810,0 930.6 976.5 952.7 
Kinematic viscosity, at 20 

°C, mm2/s 
7,60 

No 
flow 

No 
flow 

No flow 

Amount of water, % Traces 34 75 54 
Chlorine salts, mg/dm3 7,31 1300.07 1214.41 1304.94 
Mechanical mixtures, % 0,335 0.200 0.168 0.219 

Freezing Point, °C -1,6 +28 +24 +28 
Paraffin, % 0,06 5.5 6.4 6.0 

Resin, % 2,29 2.2 3.1 2.7 
Asphaltene, % 0,12 7.1 11.0 9.0 

The necessity of studying the blending of rheologically complex oil samples, including oil 
emulsions, with condensate arises from practical considerations. For instance, during the collection 
and transportation of condensate produced from Azerbaijan's offshore gas-condensate fields, there 
was a need to transport it by blending it with crude oil, a practice that was implemented for some 
time.  

It is well known from practical experience that adding condensate to rheologically complex 
heavy oil improves their transportability and reduces transportation costs. The results of our 
laboratory experiments confirmed that the viscosity and other quality indicators of heavy oil change 
significantly depending on the mass fraction of condensate. It was found that certain indicators of 
oil-condensate mixtures (e.g., density and freezing point) can produce markedly different results 
when determined based on the additivity rule. The changes in the indicators of various blends of the 
first oil emulsion (oil-1) with 75% water content and condensate, depending on the mass fraction of 
condensate at t=20°C, are presented in Table 3. For example, the changes in the density of the oil-1-
condensate mixture at t=5°C and 20°C, depending on the mass fraction of condensate, are shown in 
Figures 3 and 4, respectively. As observed in Figures 3 and 4, additive mixtures are not formed at 
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condensate concentrations up to 20% and within the range of 40–90%. At the first concentration range, 
the mixture's density increases compared to the additive mixture, whereas at the second range, the 
density decreases. It was also determined that transporting the oil-1-condensate mixture through 
pipelines is undesirable at low condensate concentrations (10–15%) because the freezing point of the 
oil significantly increases, which complicates pipeline operations and raises the likelihood of halting 
the transportation process (Figure 5). 

Table 3. The changes in quality indicators of various blends of the first oil emulsion sample (oil-1) with 75% 
water content and condensate, depending on the mass fraction of condensate (at t=20°C). 

Indicator
s 

Mass fraction of condensate, βcon 
0 0.02 0.04 0.06 0.08 0.1 0.2 0.4 0.6 0.8 0.9 1 

Density, 
at 20 °C, 

kg/m3 
930 930 931 929 923 921 907 882 844 829 822 810 

Freezing 
Point, °C 

19 20 21 23 22 17.5 16 12.5 10 7 5 4 

Mechanic
al 

mixtures, 
% 

0.368 0.367 0.366 0.365 0.364 0.363 0.361 0.355 0.348 0.342 
0.33

4 
0.33

5 

Chlorine 
salts, 

mg/dm3 

1133.6
7 

1097.
1 

1053.2
2 

1038.5
9 

1031.2
7 

1015.1
6 

886.47
6 

667.2
4 

378.8
4 

195.7
34 

37.8
84 

7.31
4 

Kinematic 
viscosity, 
at 20 °C, 
mm2/s 

No 
flow 

No 
flow 

347.16 325.17 207.41 151.71 122.5 40.4 18.9 10.3 7.6 7.6 

 

Figure 3. Density dependence on the mass fraction of condensate for a mixture of oil-1 and condensate (t=5°C). 
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Figure 4. Density dependence on the mass fraction of condensate for a mixture of oil-1 and condensate 
(t=20°C). 

 

Figure 5. Dependence of freezing temperature on mass fraction of condensate for oil-condensate mixtures. 1-oil-
2+condensate mixture; 2-oil-1+condensate mixture; 3-oil-1(50%)+oil-2 (50%) +condensate mixture; 4-additive 
mixtures. 

As shown in Figure 5, for all investigated mixtures, oil-1 + condensate, oil-2 + condensate and 
oil-1 (50%) + oil-2 (50%) + condensate, the additivity rule is violated at approximately the same 
condensate concentration. At higher condensate concentrations (above 20%), the resulting mixtures 
become additive. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 March 2025 doi:10.20944/preprints202503.0509.v1

https://doi.org/10.20944/preprints202503.0509.v1


 7 of 9 

 

Interesting results were obtained during the demulsification of various "oil-1-oil-2" emulsion 
mixtures using the "Alkan-202" reagent. The mixtures were prepared with mass ratios of the two oil 
as follows: (0:1), (0.15:0.85), (0.3:0.7), (0.4:0.6), (0.5:0.5), (0.6:0.4), (0.7:0.3), (0.85:0.15), and (1:0). These 
mixtures were studied to determine how the reagent consumption varied at different degrees of 
dehydration (60%, 70%, 80%, and 90%). The corresponding dependencies are shown in Figure 6. 

From Figure 6, it is evident that the dependencies for dehydration degrees of 60%, 70%, 80%, 
and 90% exhibit almost identical characteristics. The reagent consumption required for the 
demulsification of oil-1 and oil-2 samples alone was 22.5 and 105 g/t, 40 and 120 g/t, 55 and 137 g/t, 
and 75 and 152 g/t, respectively, for these dehydration levels. For mixtures with 30:70% and 40:60% 
ratios, the required amount of demulsifier was significantly lower compared to oil-2 alone. For 
example, for a 60% dehydration degree, the reagent consumption for these mixtures was 17 and 10 
g/t, respectively. For other compositions of the blended oil, changes in reagent consumption were 
observed, characterized by both increases and decreases. For instance, at a 50:50% ratio, the 
demulsification of the mixture showed positive synergy, while at a 60:40% ratio, negative synergy 
was observed. Thus, when the proportion of oil-1 in the mixture does not exceed 40%, the demulsifier 
consumption is significantly lower compared to other scenarios, making it more efficient and 
economically advantageous to demulsify such mixtures. 

 
Figure 6. Variation of the required consumption of demulsifier depending on the mass fraction of oil-1 at 
different dehydration degrees of the “oil-1-oil-2” mixture. 

The factor of non-additivity during oil mixing has also been identified by researchers [1] in 
studies involving the mixing of "light" oil with a density of 818.3 kg/m³ and "heavy" oil with a density 
of 893.2 kg/m³ in various proportions. Measurements revealed that the changes in density and 
viscosity as a function of the mass fraction of "light" oil followed non-monotonic dependencies. 

Additionally, several studies [3,12–14] have demonstrated the presence of antagonistic and 
synergistic tendencies in individual elements and polymer compositions. 
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4. Conclusions 

In the study, the impact of crude oil blending on various physicochemical properties and 
processing parameters was analyzed. The findings highlight the complex interactions that arise when 
blending different types of crude oil and the implications for transportation, processing and economic 
evaluation. The following key conclusions have been drawn from the research: 

1. It has been established that Azerbaijan crude oil samples containing high-molecular-weight 
compounds (resins, paraffins, asphaltenes) exhibit a nano-scale nature. As a result, when these 
oil samples are blended, their quality indicators change anomalously and do not adhere to the 
principle of additivity. 

2. It has been discovered that blending rheologically complex heavy crude oil with condensate is 
not advisable when the condensate content is less than 20%. Otherwise, an increase in the crude 
oil's pour point can significantly complicate the transportation process and may even lead to its 
complete cessation. 

3. To enhance the efficiency of the dehydration process for two oil emulsions, it is important to 
take into account the proportions in which they are mixed. This also allows for the proper 
selection of demulsifier consumption. It has been established that the consumption of 
demulsifiers during demulsification can increase or decrease depending on the mixing of oil. 

4. The importance of considering the impact of crude oil blending on quality indicators, market 
price and accounting accuracy has been emphasized. 

5. It has been revealed that, depending on the type of crude oil and blending ratio, the consumption 
of demulsifier during the demulsification of crude oil emulsions varies within a wide range. 
Additionally, the possibility of determining the optimal demulsifier consumption by accounting 
for the resulting synergy effect has been demonstrated. 
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