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Abstract 

Pipeline transportation of oil media is one of the most energy-intensive operations in the process of hydrocarbon development, 

and technological operations aimed at resource and energy saving in pipeline pumping processes have a significant impact on 

the technical and economic indicators of projects. The article presents the results of a laboratory evaluation of Boltorn 

industrial hyperbranched polymers for the possibility of increasing the throughput of an oil system of unconventional reserves 

and reducing the hydraulic resistance of the pipeline system during its pumping. As part of the research, 4 reagents were 

studied - Boltorn H311, Boltorn W3000, Boltorn P500, Boltorn H2004. Industrial additives differ in their chemical structure 

and molecular weight. The compositions of Boltorn industrial hyperbranched polymers were preliminarily studied on a model 

medium - diesel fuel for primary selection. Preliminary studies made it possible to select two reagents for further research - 

Boltorn H311 and Boltorn W3000, which were studied on a mixture of crude oil emulsion with diesel fuel with a final 

kinematic viscosity of 47mm2/s at a temperature of 25°C. The maximum efficiency of Boltorn W3000 on an oil emulsion was 

13.6% at a concentration of 200 ppm, for the Boltorn H311 composition on an oil emulsion - 12.7% at a concentration of 150 

ppm. An additional measure of the effectiveness of throughput-increasing reagents is the assessment of the reagent's resistance 

to mechanical destruction. For example, for the Boltorn W3000 additive at a concentration of 200 ppm, the effectiveness of 

reducing hydraulic resistance was more than 800 circulation cycles, which confirms its long-term effectiveness with sequential 

pipeline pumping. 
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1. Introduction 

Efficient transportation of hydrocarbons through pipelines 

remains a critical challenge, particularly as the industry in-

creasingly taps into unconventional reserves. The use of 

drag-reducing agents (DRAs) has emerged as a promising 

solution to improve pipeline throughput by minimizing hy-

draulic resistance. Among the various DRAs, hyperbranched 

polymers (HBPs) have shown considerable potential due to 

their unique molecular architecture and ability to significant-

ly enhance flow properties. 

The need for effective DRAs is underscored by the ener-

gy-intensive nature of pipeline transportation, which signifi-

cantly impacts the technical and economic parameters of 

hydrocarbon projects. Traditional methods often fall short in 

addressing the complexities associated with transporting 

unconventional hydrocarbons, which typically exhibit higher 

viscosities and more complex flow behaviors than conven-

tional crude oils [1-5]. 

Recent studies have highlighted the efficacy of polymer-

based additives in reducing Drag reductionand improving the 

flow of hydrocarbons. For instance, Wang et al. demonstrat-

ed the Drag reductionreduction characteristics of novel pol-

ymer-based additives, showing their potential to enhance oil 

pipeline transportation efficiency. Similarly, Salikh et al [6, 

15]. (2020) investigated the effects of polymeric additives on 

the rheological properties of heavy crude oils, further cor-

roborating the benefits of such additives in pipeline systems. 

The application of HBPs, specifically, has garnered atten-

tion due to their mechanical stability and high performance 

over extended periods. Dusmetova et al. explored the use of 

HBPs for reducing hydraulic resistance in pipeline systems, 

noting significant improvements in throughput [1-3, 7, 16]. 

This aligns with the findings of Rabotinskaya, who detailed 

the specific benefits of additives in transporting oil emul-

sions through pipelines [4, 17]. 

The comprehensive examination of additives and their im-

pact on hydrocarbon transport can be found in several key 

texts. Kutyrev et al. provide an in-depth analysis of pipeline 

transportation techniques and the role of additives, offering 

valuable insights into optimizing pipeline operations [8]. 

Furthermore, Briscoe and Galvin discuss the broader context 

of chemical engineering in oil and gas processing, which 

includes the application of DRAs. 

This study aims to evaluate the potential of industrial 

HBPs, specifically Boltorn H311 and Boltorn W3000, to 

enhance pipeline throughput by reducing hydraulic re-

sistance. By conducting laboratory tests on these polymers 

with model mediums and actual hydrocarbon mixtures, we 

seek to determine their effectiveness and optimal concentra-

tions for practical application in the industry. 

In conclusion, the integration of advanced polymer-based 

additives like HBPs into pipeline systems represents a signif-

icant advancement in the transportation of unconventional 

hydrocarbons. This research contributes to the growing body 

of knowledge aimed at improving the efficiency and sustain-

ability of hydrocarbon transport, ultimately supporting the 

broader energy industry's efforts to meet global demand. 

2. Materials and Methods 

As part of the research, laboratory tests of industrially 

produced hyperbranched Boltorn polymers were carried out 

to determine the possibility of increasing the throughput of 

hydrocarbon systems. 

Table 1. The characteristics of Boltorn brand reagents. 

Characteristics 

Brands of Boltorn GRP 

H311 W3000 P500 H2004 

Viscosity, Pa (°C) 40 (23) 1(23) 12-15 (23) 14-20 (25) 

Theoretical molecular 

weight, g/mol 
5700 9000 1800 3200 

Water content 10% - <0.5% <2% 

Solubility 
Polyether, poly-

ether polyols  

Emulsifiers, soluble in al-

kyds, in cosolvents, xylene 
Toluene, polyether polyols in Most polar solvents 

Appearance Yellow liquid  Yellow wax  Transparent liquid  Yellow liquid 

Functionality - - Mixed hydroxyl  
Hydroxyl and fatty 

acids  

Hydroxyl number, mg 

KOH/g  
230 - 260 - 560 - 630 105-125 
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Characteristics 

Brands of Boltorn GRP 

H311 W3000 P500 H2004 

Acid number, mg KOH/g  -- 10 - 7 

 

The characteristics of Boltorn brand reagents are given in 

Table 1. 

Assessment for increasing the throughput of reagents on a 

laboratory bench [9-15], in which liquids are pumped 

through a circulation cycle, which is a pipeline system with a 

pump and a source tank. The final efficiency of the reagent is 

assessed by reducing the pressure drop and changing the 

flow rate [12-15]. 

Due to the high initial value of the kinematic viscosity of 

the oil of Kondurchaneft JSC, it turned out to be impossible 

to develop a turbulent flow regime on a laboratory bench; 

therefore, to evaluate the effectiveness of hyperbranched 

polymers, a mixture of “oil - diesel fuel” with a ratio of 1:7 

was taken. The final kinematic viscosity was V = 47mm2/s. 

The results of the physical and chemical analysis of crude 

oil of Kondurchaneft JSC are shown in Table 2. 

Table 2. Physics-chemical properties of oil. 

Options Indicators 

Structural and group composition 
Paraffins, % Resins, % Asphaltenes, % 

34.74 8.53 17.26 

Water content, % 42 

Density at 20°C, kg/m3 967 

Kinematic viscosity at 25°C, mm2/s 1120 

The primary assessment of the effectiveness of the reagents consisted of sequentially running the reagents in a model instal-

lation at one concentration - 200 ppm in a model liquid - hydrotreated diesel fuel with a kinematic viscosity V = 4 mm2/s at 

25°C. 

 
Figure 1. Dependence of diesel fuel consumption on the addition of Boltorn additives with a concentration of 200 g/t: 1 - diesel fuel (DF); 2 

- DF + Boltorn H311 (200 ppm); 3 - DF + Boltorn W3000 (200 ppm); 4 - DF + Boltorn P500 (200 ppm); 5 - DF + Boltorn H2004 (200 

ppm). 
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The results of hydraulic studies of Boltorn hyperbranched 

polymers on a model fluid are presented in Figure 1. 

According to the results of preliminary tests, the most ef-

fective reagents were Boltorn H311 and Boltorn W3000. For 

a more in-depth analysis and determination of the working 

concentration of the Boltorn H311 and Boltorn W3000 rea-

gents, solutions with concentrations of 10, 30, 50, 60, 80, 

100, 120, 150, 170, 200, 220, 250 ppm were prepared and 

each of them was tested for oil emulsion system. 

The results of the analysis of the hydrodynamic efficiency 

of the Boltorn H311 and Boltorn W3000 reagents on oil at 

various additive concentrations are presented in Figure 2. 

 
Figure 2. Dependence of the indicator of reduction in hydraulic resistance in oil on the addition of Boltorn additives with different concen-

trations: 1 - oil + Boltorn W3000; 2 - oil + Boltorn H311. 

The maximum efficiency of Boltorn W3000 was 13.6% at 

a concentration of 200 ppm, for the Boltorn H311 composi-

tion - 12.7% at a concentration of 150 ppm. The effective-

ness of both reagents turned out to be close and differ by no 

more than 15%, which confirms their possibility of use as 

agents for increasing the throughput of pipeline systems of 

hard-to-recover reserves - TRIZ, incl. and emulsion media 

with high water content. 

An additional important characteristic of the use of rea-

gents as agents for increasing the throughput of pipelines is 

resistance to destruction during transportation and maintain-

ing maximum efficiency. 

Technically, this indicator on a laboratory bench is deter-

mined by pumping time - circulation cycles, at which the 

level of maximum efficiency is maintained. 

For the Boltorn W3000 reagent at a concentration of 200 

ppm, cyclic pumping of paraffin oil was carried out, the re-

sults of which are shown in Figure 3. 

 
Figure 3. Dependence of the reduction in hydraulic resistance on oil with Boltorn W3000 additive (200 ppm) on circulation cycles. 

Based on the results of testing the Boltorn W3000 reagent at a concentration of 200 ppm, it was determined that the 
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compound is capable of maintaining stable efficiency in la-

boratory conditions for up to 800-900 circulation cycles 

when exposed to a gear pump, which confirms the high re-

sistance to mechanical destruction of the reagent. 

3. Conclusions 

Four grades of commercially available hyperbranched 

Boltorn polymers were tested to see if they could improve 

the throughput of unconventional reserves - oil emulsions 

with high viscosity and water content. The study established 

that the effectiveness of the reagents is directly proportional 

to the molecular weight of the polymers and with an increase 

in the molecular weight of hydraulic fracturing in the active 

phase, their effectiveness increases. 

It turned out to be most effective in increasing the 

throughput of the oil systemBoltorn W3000 was 13.6% at a 

concentration of 200 ppm. The assessment of resistance to 

mechanical destruction during sequential pumping and re-

peated circulation through the pump was more than 800 

units, which confirms the high stability when pumping over 

long distances in the case of industrial use of the reagent and 

the elimination of additional dosing when passing through 

pumping stations. 
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