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Abstract— In this study, organic compounds of Mn, Mg, Cu 

and Ca metals were synthesized, and their solutions were 

used as diesel fuel additives. The additives that achieved the 

greatest decrease in freezing point of diesel, its optimum rate 

of dosage and other performance effects were tested. The 

results showed that the organic based manganese gave the 

greatest decrease in freezing point and ignition accelerator 

reduced delay periods by adding chemical dopes of ethyl-

nitrate & amyl-nitrate. These additives reduced the freezing 

point to 12.9ºC at the rate of dosage of 54.4 µ mol Mn /litre 

diesel fuel. It was established that the cetene number of 

diesel fuel without the additive was 46.92, whereas the 

cetene number was 48.64 for Diesel fuel with the optimum 

amount of dosage. It was observed that the organic based 

manganese drops the viscosity and flash point and improves 

the contents of the exhaust gases and reduced delay periods. 
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I. INTRODUCTION 

The increase in fuel/energy needs has directed researchers to 

investigate new energy/fuel resources or to find the 

optimum way of using them. Therefore, improvement of 

fuels is an important issue. As is known, one of the 

commercial and industrial fuels is diesel fuel, produced by 

refining crude oil. The content of the diesel fuel is changed 

by the production technology and the quality of oil.  

Because of being heavier and having more carbon 

content, Diesel fuels have some problems when being used 

in an engine. One of the important problems is a high 

freezing point, cetene number and delay period that causes 

block age of filters, there are some difficulties when they are 

used in cold conditions. In order to reduce the freezing point 

of diesel fuel, about 100 ppm paradine is added to it, 

commonly after refining. 

The delay angle is reduced by adding chemical 

dopes, called ignition accelerators. The two chemical dopes 

used are ethyl-nitrate and amyl-nitrate in concentrations of 

8.8 gm/litre and 7.7 gm/litre, respectively. [18] 

It is characteristic of Diesel fuel that it has alow 

combustion efficiency and high pollutant contents, causing 

air pollution.  That is why many investigations have focused 

on improvement of Diesel fuel properties [1–4]. 

Fazliakmetov and Shpiro [5]-reported that 

particulate matter (PM) emission is reduced when Fe, Mn, 

Ce content additives are used for Diesel engines. 0.2–0.5% 

Mn content peroxides reduces smoke 22–25% [6]. It is 

essential that reducing aromatics/fragrance in the fuel 

reduces HC emissions. Yang and Wen-Jhy [7] tested Mn 

based additives to Diesel fuel and observed a 50% reduction 

of aromatic/fragrance HC in the fuel. If the fuel contains Ca, 

P, K, Zn or Pb, it is not possible to avoid pollutants. 

It can be seen in many studies that some additives 

and ignition accelerator change the cetane number and affect 

combustion and emissions [8–13]. 

This experimental study is aimed at improving 

Diesel fuel by using organic based metal contents. For this 

purpose, the organic components, MgO, CuO, MnO2 and 

CaO were synthesized, and by preparing suitable additives, 

the best compounds to improve fuel properties, reduce delay 

periods and optimize dosage were investigated. 

II. EXPERIMENTS 

The main objective of this work is to synthesize organic 

based metal additives which improve Diesel fuel. For the 

synthesizing process, CaO, MgO, MnO2 and CuO were 

used. The chemical dopes increase the preflame reaction and 

reduce the flash point. These chemical increase the rating of 

diesel fuel by auto ignition at lower temperature. 

In order to produce the metal abiatate (compounds) 

under recondenser and in the stoichio-metric ratio inside a 

1000 ml glass reactor of spindle oil, the reaction was 

conducted at 180º C for 2 hr. The synthesized additive was 

first dissolved by 2% ethanol, and then it was dissolved in 

Diesel fuel, and the additive solution was produced. 

The synthesized organic based metallic additives 

were dosed to the Diesel fuel for different metal 

concentrations. A thermometer was placed in a glass sample 

tube containing 40 ml of fuel solution. The sample tube was 

immersed in a container with liquid nitrogen, and the Diesel 

fuel was converted into the solid phase. The transition 

temperature of the fuel from the solid to liquid was 

measured. 

The cetane number of the Diesel fuel with and 

without additives & Ignition accelerator and the highest fall 

of the freezing point were calculated for every rate of 

dosage. For the calculation of the aniline point, the API 

gravity at 50% boiling  point of the fuel was determined 

according  to ASTM- D 611standard  [14]. 

The Diesel index (DI) was calculated by using 

these experimental results and the formula given below, 

API Gravity (16 C) * Aniline point ( C)
DI=

100

o o

 

The cetane number (CN) can be calculated as 

follows:  

CN = 0.6667DI + 0.068 [50% boiling point (ºF)] - 22 

The fuel with and without additive was burnt in a 

Diesel engine to find the optimum dosage, and the exhaust 

emissions were measured by using a Testo exhaust gas 

analyser. 

III. RESULTS AND DISCUSSION 

The effects of the organic based metal compounds and the 

fall of freezing point when subjected to the concentration of 

additive are given in Fig. 1. For this range of concentration, 
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the best fall of freezing point was obtained with organic 

based Mn & Ignition accelerator, and the optimum rate of 

dosage was determined as 54.4 µmol Mn/litre, equivalent to 

700 ppm. 

As can be seen in Fig. 1, the best fall of freezing 

point is obtained by using the additive with Manganese 

compounds. There is a linear relation between the lower 

dosages and the reduction of freezing point, but when the 

dosage is about 75 µmol, the freezing point curve tends to 

be asymptotic. This is attributed to the Mn compounds 

effects on the fuel colligative properties, and a stronger 

attraction effect occurs between the ions when the 

concentration is increased. 

The optimum dosage of Mn based compounds in 

reducing the freezing points is considered for the other 

experiments. The cetane number changes are also 

determined for different concentration of the additives and 

ignition accelerator. The results are shown in Table 1. 

The results showed that the cetane number was 

increased when the dosage of Mn was increased. The cetane 

number becomes 48.64 for the optimum dosage of 54.4 

µmol Mn/litre. 

The differences between the emissions from the 

fuel without additives and with optimum Mn compounds are 

given in Table 2. 

It is seen in Table 2 that CO2 and net efficiency 

were increased, and CO and SO2 were decreased when the 

Mn additive was dosed to the Diesel fuel. These results 

suggested that the fuel with Mn additive and ignition 

accelerator gave better combustion.  The results agree with 

those reported in the literature which increase CO2 in the 

exhaust emission and decrease PM for increased cetane 

number. The reduction in SO2 is caused by the formation of 

MnSO4. 

 
Fig. 1: Variation of freezing points with the rate of dosage. 

Value of dosage (µmol Mn/litre fuel) 

+ Ignition accelerator 

Cetane 

 Number 

0 46.92 

13.7 47.15 

27.3 47.87 

54.4 48.64 

95.10 48.88 

Table 1: The effect of additive dosage on the cetane number 

 
Without 

additive 

With 

additive 

Exhaust gas  

temperature, ºC 
121 117.5 

Oxygen, % 17.3 17 

Carbon dioxide, % 2.8 3.1 

Net Efficiency, % 75 75.5 

Carbon Monoxide, 

mg/m³ 
1240 1061 

Suphure dioxide,  

mg/m³ 
770 125 

Table 2: Measurement of exhaust gas emission 

 
Fuel without  

additive 

Fuel With  

additive 

Flash Point, ºC 57 54 

Viscosity, SSU 39 36 

Table 3: The value of flash point and viscosities 

The differences of the flash points and viscosities 

between the fuels with and without additive are listed in 

Table 3. 

As listed in Table 3, the additive causes reductions 

in the flash point and viscosity compared with the fuel 

without additive. This means that the additive increases the 

vapour pressure. Reduction of the flash point supports the 

idea that the catalytic cracking effect of the additive results 

in smaller particles of HC molecules. 

It is understood from the experimental results that 

the fuel improvement is caused by cracking of the carbon 

bonds. 

IV. CONCLUSION 

As a result of the experiments, it was observed that Mn has 

the stronger effect in reducing the fuel freezing point, and 

the optimum dosage of Mn was determined. Organic 

compounds of Cu, Mg and Ca are less effective on the fuel 

properties in comparison with Mn. 

Temperatures from the solid phase to liquid are 

measured for the fuel with the Mn organic compound, and 

the optimum dose of 54.4 µmol Mn/litre is found for the 

best reduction of freezing point, 12.9ºC. For this additive 

dosage, the cetane number is increased from 46.92 to 48.64. 

Exhaust emission measurements for the fuel with 

additive showed that O2 is reduced 0.21%, CO 14.3% and 

CO2 was increased. SO2 was reduced, while the net 

efficiency was increased by 0.5%.These results were 

confirmed by the study of Altiparmak and Icingur [17]. He 

reported that it is possible to reduce NOx and SO2 emissions 

by 20% when the cetane number is increased from 46 to 54. 

The flash point is reduced 3ºC compared with the 

non-additive fuel, and combustion will occur at a lower 

temperature. 

The viscosity of the fuel with Mn is found as 36 

SSU. It is lower than the 39 SSU without additive. 

Among the compounds of organic based metals, 

Mn is the best to improve the Diesel fuel properties at the 

rate dose of 54.4 µmol Mn/litre fuel. Since Mn is not a 

pollutant [1], this additive can be applied effectively. 
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