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This study investigates the synthesis of various transition metal salts based on natural 
petroleum acid and their performance as antistatic additives in diesel distillate. Since 
electrostatic charging of petroleum products poses fire and explosion hazards, increasing fuel 
electrical conductivity is essential for safe charge dissipation. Metal–organic compounds are 
therefore considered effective antistatic agents. 

Cobalt, manganese, nickel, zinc, and copper salts of natural petroleum acid were 
synthesized via a neutralization reaction. The reaction products were separated, the solvent 
was removed by distillation, and the corresponding metal soaps were obtained. The structures 
of the synthesized compounds were confirmed by IR spectroscopy. 

The metal salts were added to diesel distillate at concentrations of 0.05%, 0.1%, and 
0.15%. Electrical conductivity was measured using an EL-4M conductivity meter in 
accordance with relevant standards. Untreated diesel fuel exhibited conductivity values of 72–
77 pS/m. 

The addition of the metal salts significantly increased electrical conductivity. Nickel and 
zinc salts showed the highest efficiency, with the nickel salt at 0.15% raising conductivity to 
1850 pS/m. These results indicate that metal salts of natural petroleum acid, particularly the 
nickel salt, are promising antistatic additives with potential for industrial application in 
improving the safety of diesel fuel storage and transportation 
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INTRODUCTION 
 
The electrostatic charge of crude oil and petroleum products not only poses an 

explosion and fire risk, but it also considerably impedes the effective and safe execution of 
different technological procedures throughout the fuel handling chain. Frictional interactions 
between the liquid hydrocarbon phase and solid surfaces result in electrostatic charges during 
pumping, mixing, filtering, loading, unloading, and pipeline transit. If these charges are not 
efficiently dissipated, they can accumulate to critical levels, resulting in spark discharge and 
the ignition of combustible vapors. As a result, preventing static electricity accumulation is 
regarded as one of the petroleum industry's top safety issues. In practice, a wide range of 
preventive measures have been devised and deployed, including basic grounding systems, 
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sophisticated electrostatic monitoring devices, and integrated engineering safety solutions. 
Grounding is one of the simplest, most dependable, and extensively used strategies for 
minimizing the electrification of liquid dielectrics. Proper grounding guarantees that externally 
generated charges are safely discharged to the earth potential, thus preventing dangerous 
electrostatic discharges.[3]. 

When selecting a fuel additive, it is critical to examine the fuel's hydrocarbon content 
and physicochemical properties. The efficiency of any additive is heavily influenced by factors 
such as aromatic content, polarity, sulfur concentration, and trace contaminants. For example, 
in gasoline with a low aromatic concentration, metal-containing antidetonation additives 
frequently function better due to changes in solubility and dispersion behavior. At the same 
time, when anti-crystallization additives are put into fuels, even tiny amounts of water in the 
system can have an unfavorable effect on fuel quality and additive performance.Under these 
conditions, the additive may preferentially dissolve in the aqueous phase, reducing its effective 
concentration in the hydrocarbon medium. This reduces functional efficiency and inhibits the 
addition from attaining the desired technical impact. Therefore, compatibility between the 
additive and the fuel matrix must be thoroughly examined, particularly in terms of moisture 
sensitivity and phase stability [4-6]. 

Antistatic additives are specifically employed to prevent the accumulation of static 
electricity during fuel transportation, storage, and loading operations. In particular, during the 
high-speed transfer of light fuels—such as diesel and jet fuel—into storage tanks, tank trucks, 
or aircraft fuel systems, intense electrokinetic processes take place. The rapid movement of 
low-conductivity hydrocarbons through pipelines and filters promotes charge separation at 
phase boundaries and contact surfaces. As a result, a double electric layer is formed between 
the metallic surface and the moving upper layer of the fuel. Charge creation increases 
dramatically as flow velocity and turbulence increase. Because hydrocarbon fuels have a 
limited electrical conductivity, these charges do not dissipate quickly and instead build to 
hazardous amounts. When the electrostatic potential difference surpasses a critical threshold, 
spark discharge may occur, posing a significant risk of igniting and explosion [7-9]. The 
accumulation process is considerably more significant in closed systems or low-humidity 
environments, when natural charge dissipation methods are limited. As a result, maintaining 
controlled electrical conductivity within acceptable operational limits is critical to avoiding 
electrostatic mishaps [10-11]. 

In order to dissipate static energy from the system effectively, it is necessary to 
increase the electrical conductivity of the fuel so that generated charges can be rapidly 
neutralized and safely discharged. For this purpose, metal–organic compounds are 
considered among the most efficient antistatic additives. These compounds typically contain 
polar functional groups capable of promoting charge mobility in otherwise nonpolar 
hydrocarbon media. Even extremely small concentrations of such additives can lead to 
substantial improvements in conductivity. For instance, the addition of approximately 
0.00006% of certain chromium salts of dialkylsalicylic acid has been shown to increase 
electrical conductivity from 0.2–20 pS/m to 100–200 pS/m, approaching internationally 
accepted safety thresholds for static charge dissipation. This demonstrates the high efficiency 
of metal-containing organic additives in enhancing the electrostatic stability of fuels without 
significantly altering their primary physicochemical properties [12–15]. 

Currently, various industrial antistatic additives are commonly utilized in commercial 
fuel systems, including Shell ASA-3, Sigbol, ACP-3, and others. These formulas are intended 
to increase charge relaxation while remaining compatible with engine systems and fuel 
standards. In addition to these commercial products, a variety of organic salts and coordination 
complexes have been proposed and studied as potential antistatics. Chromium-based 
compounds, in particular, frequently display significantly higher conductivity-enhancing 
qualities due to their advantageous coordination features and ionic behavior. However, 
despite their efficiency, the incorporation of metal- and nitrogen-containing compounds into 
fuel formulations may present certain operational challenges. During combustion, these 
elements can contribute to the formation of metal oxide residues and deposits on internal 
engine components, which may negatively affect long-term engine performance and 
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maintenance requirements. Therefore, while metal–organic additives provide substantial 
antistatic benefits, their formulation must be carefully optimized to balance electrostatic 
performance with combustion cleanliness and operational reliability [18–20]. 
 

EXPERIMENTAL 
 
At present, the problem of electrostatic charging of fuels and solvent mixtures is 

considered one of the most pressing issues in the petrochemical industry, particularly in 
processes involving storage, pumping, mixing, and transportation of light petroleum fractions. 
Numerous scientific investigations have demonstrated that the introduction of specifically 
designed antistatic additives into crude oil and petroleum products represents one of the most 
effective and technologically feasible approaches to mitigating electrostatic hazards. In this 
context, extensive and systematic research has been conducted at the Y.H. Mammadaliyev 
Institute of Petrochemical Processes, where the synthesis, characterization, and evaluation of 
metal–organic compounds derived from natural petroleum acids have been carried out under 
controlled laboratory conditions. The experimental work was aimed at developing efficient 
antistatic systems capable of significantly increasing the electrical conductivity of diesel 
distillate while maintaining compatibility with the fuel matrix. 

Within the framework of the present study, cobalt (Co), manganese (Mn), nickel (Ni), 
zinc (Zn), and copper (Cu) salts of palmitic acid were synthesized and subsequently evaluated. 
The synthesis procedure was based on a neutralization reaction between palmitic acid and 
the corresponding metal-containing reagent. Initially, a 35–40% aqueous sodium hydroxide 
(NaOH) solution was gradually added to palmitic acid under continuous stirring in order to 
initiate the neutralization process and form the intermediate sodium salt. The reaction mixture 
was maintained at a controlled temperature of 50–60°C for approximately 30 minutes to 
ensure complete interaction between the acid and the alkaline solution and to promote 
homogeneous reaction conditions. 

Following the neutralization stage, hexane was introduced into the reaction flask as an 
organic solvent in the required volume. The purpose of the solvent addition was to create a 
suitable medium for subsequent ion-exchange interaction and to facilitate phase separation. 
The reaction mixture was thoroughly stirred to ensure uniform dispersion of the components. 
Thereafter, the corresponding metal salt (Co, Mn, Ni, Zn, or Cu) was added portionwise to the 
reaction medium, either in dry solid form or as a prepared solution, depending on its solubility 
characteristics. The addition was performed gradually to avoid localized concentration 
gradients and to maintain reaction stability. Continuous stirring was maintained for 
approximately 3 hours to ensure complete conversion and formation of the target metal 
carboxylates. 

Upon completion of the reaction, the mixture was transferred to a separatory funnel, 
allowing sufficient time for phase separation to occur. The lower aqueous phase was carefully 
removed, while the upper organic layer containing the synthesized metal salt was retained. 
The organic phase was subsequently transferred to a distillation flask, and the solvent was 
removed under controlled conditions by distillation. This step resulted in the isolation of the 
corresponding metal salts of palmitic acid in solid or semi-solid form, depending on the nature 
of the metal ion. 

The obtained metal salts were then subjected to further experimental evaluation to 
determine their antistatic properties. For this purpose, the synthesized compounds were 
incorporated into diesel distillate at predetermined concentrations of 0.05%, 0.1%, and 0.15% 
by weight. The additives were carefully mixed with the diesel fuel to ensure uniform distribution 
throughout the liquid phase. Electrical conductivity measurements were subsequently carried 
out using an EL-4M conductivity meter under standardized laboratory conditions. All 
measurements were performed in accordance with the requirements of GOST 25950-83 and 
GOST 33461-2015 standards to ensure reliability, reproducibility, and compliance with 
established methodological procedures. 

Through this systematic experimental approach, the synthesized transition metal salts 
of natural petroleum acids were obtained in reproducible form and prepared for detailed 
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investigation of their influence on the electrical conductivity and antistatic behavior of diesel 
distillate. 

 
RESULTS AND DISCUSSION 
 
For this purpose, a series of laboratory-scale experimental studies were conducted. 

Specifically, various metal salts (Co, Mn, Ni, Zn, and Cu) of natural petroleum acid were 
synthesized. As a representative example, the IR spectrum of the synthesized nickel salt is 
shown in Figure 1.The obtained metal salts were incorporated into diesel fuel as antistatic 
additives at different concentrations (0.05%, 0.1%, and 0.15%), and their effect on the 
electrical conductivity of the diesel fuel was systematically investigated. 

 
 

Figure 1 IR spectrum of the synthesized Ni metal salt of palmitic acid 

 
The IR spectrum of the sample exhibits the following absorption bands: deformation 

vibrations at 720 and 1466 cm⁻¹ and stretching vibrations at 2849, 2916, and 2954 cm⁻¹ 
corresponding to C–H bonds of CH and CH₂ groups. Additionally, stretching vibrations of the 

COO⁻ groups are observed at 1408 and 1565 cm⁻¹ (bands of medium intensity). 
     The changes in electrical conductivity of the diesel distillate upon the addition of 

antistatic additives were measured using an EL-4M conductivity meter. The measurements 
were carried out in accordance with the requirements of GOST 25950-83 and GOST 33461-
2015 standards. 

 
 
 

Table 1 The addition of cobalt (Co), manganese (Mn), nickel (Ni), zinc (Zn), and copper (Cu) salts of 
natural petroleum acid to diesel distillate at concentrations of 0.05%, 0.1%, and 0.15% resulted in 
changes in the electrical conductivity of the diesel fuel 

Sample Name Additive 
Concentration, 

% 

Electrical    conductivity Psm/m   

After 1 
Day 

After 10 Day After 20 
Day 

After 30 
Day 

After 40 
Day 

 0,05 
0,1 

355 
440 

352 
560 

343 
560 

343 
558 

340 
557 
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Palmitic acid -
Co salt 

 

0,15 535 565 615 615 615 

 
Palmitic acid -

Mn salt 
 
 

0,05 
0,1 
0,15 

129 
238 
267 

168 
53 
269 

229 
52 
270 

231 
52 

270 

228 
52 

270 

 
Palmitic acid -

Ni salt 
 

0,05 
0,1 
0,15 

1790 
1735 
1865 

1710 
1605 
1857 

1610 
1601 
1850 

1605 
1535 
1850 

1600 
1535 
1850 

Palmitic acid -
Zn salt 

 

0,05 
0,1 
0,15 

1735 
1790 
1825 

1730 
1741 
1820 

1720 
1732 
1810 

1715 
1730 
1805 

1715 
1730 
1805 

Palmitic acid -
Cu salt 

 

0,05 
0,1 
0,15 

1310 
1345 
1420 

1305 
1335 
1415 

1302 
1330 
1402 

1302 
1325 
1402 

1300 
1325 
1400 

 
Diesel fuel 

 
100 77 72 72 72 72 

 
Initially, the electrical conductivity of diesel fuel without any additive was measured. 

The results of the study showed that the electrical conductivity of the diesel fuel was 77 pS/m 
after 1 day and decreased to 72 pS/m after 10, 20, 30, and 40 days. 

However, when 0.05% of various metal salts (Co, Mn, Ni, Zn, and Cu) of natural 
petroleum acid were added to diesel fuel as antistatic additives, a significant increase in 
electrical conductivity was observed. After 1 day, the electrical conductivity values were 355, 
129, 1790, 1735, and 1310 pS/m, respectively. After 10 days, the corresponding values were 
352, 168, 1710, 1730, and 1305 pS/m, while after 40 days, they were 340, 228, 1600, 1715, 
and 1300 pS/m. 

When the concentration of these additives was increased to 0.15%, the electrical 
conductivity of the diesel fuel increased further. After 40 days, the conductivity values reached 
615, 270, 1850, 1805, and 1400 pS/m, respectively (Table 1). 

As shown in Figure 2, the addition of 0.15% metal salts to diesel fuel resulted in a 
substantial increase in electrical conductivity compared with the untreated sample. The 
highest conductivity values were observed for the nickel and zinc salts, which maintained 
relatively stable performance throughout the 40-day period. In contrast, untreated diesel fuel 
showed very low conductivity during the entire storage period. These results indicate that the 
synthesized metal salts, particularly the nickel- and zinc-based additives, can significantly 
improve the antistatic properties of diesel fuel. 
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Figure 2. Graph illustrating the results of electrical conductivity of diesel fuel upon the  addition of 
0.15% cobalt (Co) and nickel (Ni) salts synthesized based on technical natural petroleum acid and its 

fraction. 

 
CONCLUSION 
 
The comprehensive experimental investigation carried out in this study clearly 

demonstrates that transition metal salts synthesized on the basis of natural petroleum acids 
represent highly effective antistatic additives for diesel distillate. The obtained results confirm 
that the incorporation of these metal–organic compounds into diesel fuel significantly 
enhances its electrical conductivity, thereby improving the dissipation of accumulated 
electrostatic charges and reducing the risk of ignition and explosion during storage, pumping, 
and transportation operations. 

The electrical conductivity of untreated diesel fuel remained within the range of 72–77 
pS/m, which is insufficient for efficient static charge relaxation under dynamic handling 
conditions. Upon the addition of synthesized metal salts at concentrations of 0.05%, 0.1%, 
and 0.15%, a substantial and systematic increase in conductivity was observed. This clearly 
indicates that metal carboxylates actively contribute to charge transport processes within the 
hydrocarbon medium by promoting ionic mobility and facilitating electrostatic discharge. 

A comparative assessment of the investigated salts revealed a strong dependence of 
antistatic performance on the nature of the transition metal ion. Among the studied 
compounds, the nickel (Ni) salt exhibited the highest efficiency, increasing the electrical 
conductivity of diesel distillate to 1850 pS/m at a concentration of 0.15%. Zinc (Zn) salt 
demonstrated similarly high effectiveness, while copper (Cu) salt also provided significant 
conductivity enhancement. In contrast, cobalt (Co) and manganese (Mn) salts showed 
moderate but still appreciable improvements compared to untreated fuel. These differences 
can be attributed to variations in metal ion characteristics, including ionic radius, coordination 
ability, and interaction strength with the carboxylate group, all of which influence dissociation 
behavior and charge mobility in the fuel matrix. 

Long-term monitoring over a 40-day storage period confirmed the stability of the 
antistatic effect, particularly for nickel and zinc salts. The conductivity values remained 
relatively consistent throughout the observation period, demonstrating good compatibility 
between the synthesized additives and the diesel fuel. Such stability is essential for practical 
industrial applications, where additives must maintain effectiveness during prolonged storage 
and transportation. 
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From a mechanistic perspective, the enhanced electrical conductivity can be explained 
by the amphiphilic structure of metal carboxylates, which contain both polar (metal–
carboxylate) and nonpolar hydrocarbon fragments. This structural duality enables uniform 
dispersion in diesel fuel while simultaneously establishing conductive pathways that facilitate 
charge relaxation. The presence of metal ions increases the probability of partial ionization 
and promotes electrokinetic processes, ultimately reducing electrostatic charge accumulation. 

The synthesis route employed in this work offers additional technological and 
economic advantages. The metal salts were obtained through straightforward neutralization 
reactions under relatively mild temperature conditions, followed by phase separation and 
solvent removal. The process does not require complex equipment or harsh reaction 
conditions, which enhances its scalability and industrial feasibility. Furthermore, the use of 
natural petroleum acids as raw materials contributes to resource optimization and supports 
the efficient utilization of locally available feedstocks. 

In summary, the results obtained in this study demonstrate that transition metal salts 
of natural petroleum acids—particularly nickel and zinc salts—are highly promising antistatic 
additives for diesel distillate. Their ability to significantly increase electrical conductivity, 
maintain stability during storage, and be produced via a simple and economically feasible 
synthesis route highlights their strong potential for industrial application. The developed 
metal–organic systems represent an effective and practical solution for improving operational 
safety in diesel fuel storage and transportation systems. 
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