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ABSTRACT. The aim of the present work was to the preparation of biodiesel from sunflower oil and methanol by the 

transesterification reaction in the presence of the KOH. The conversion was 95% using a 1:3 molar ratio of oil to alcohol at 

65°C. Important fuel physical properties of B10 and B20 fuel blends with (or without) oxygenated additivities by the 

ASTM standards had been investigated. Based on the obtained results is noted that the fuel blend B10 and B20 with 

oxygenated additivities has greater potential for diesel engines than, B100 and fossil diesel. The best result was 

demonstrated B10+1.4-dioxane fuel blend among the studied fuels.  
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1. INTRODUCTION 

Today one of the most important key factors to affect the 

world economy and politics is the petroleum and gas 

resources which are the main sources of world energy 

supply. In the modern world to meet the needs of energy 

different resources have been developed. But our planet 

has a lot of environmental problems with the exhaust toxic 

emission from the usage of fossil fuels. Another problem 

is the exhaustion of petroleum, natural gas, etc. resources. 

Therefore, alternative energy sources mostly biofuels are 

receiving more attention [1-4]. 

From the alternative type of fuels, biodiesel is a renewable 

resource consisting of fatty acid alkyl monoesters derived 

from vegetable oil, waste animal fats, or waste cooking 

oil. Important is need to note, at the combustion of 

biodiesel does not emit toxic substances that cause 

environmental problems due to the absence of aromatic, 

nitrogen and sulfur compounds [5-8].  

In comparison with conventional diesel fuels, the oxygen 

in biodiesel may promote more complete combustion and 

thus reduce particulate matter, carbon monoxide and total 

hydrocarbons in ignition engines. According to a review 

of emission data for heavy-duty engines published by EPA 

(Environmental Protection Agency of USA 2002), from 

diesel to B20, carbon monoxide, toxic hydrocarbons and 

particle matters decreased by 13, 20 and 20 % respectively 

[9-11].  

Considering the above, in the presented work, the 

transesterification reaction of sunflower oil with methanol 

in the presence of KOH was carried out. The important 

operational properties of B10 and B20 fuel blends on the 

basis of FAME were tested in the presence (or absence) of 

ethylene glycol ketal (EGK), 1.4-dioxane (DO) and 

cyclopentanone (CP). The oxidation properties of B10 and 

B20 fuel blends were estimated by using NMR data. 

2. EXPERIMENTAL MATERIALS AND 

INSTRUMENTATION 

All the chemicals for the synthesis of ethylene glycol ketal 

and dioxane were obtained from commercial sources 

(Aldrich) and used as received (Figure 1, 2).  

Samples of diesel fuel, sunflower oil were purchased at a 

fuel station and markets in Baku, Azerbaijan. The B10 and 

B20 fuel blends with (or without) oxygenated additivities 

were prepared by mixing diesel and biodiesel. 

 

NMR experiments have been performed on a BRUKER 

FT NMR spectrometer (UltraShieldTM Magnet) 

AVANCE 300 (300.130 MHz for 1H and 75.468 MHz for 

13C) with a BVT 3200 variable temperature unit in 5 mm 

sample tubes using Bruker Standard software (TopSpin 

3.1). The 1H and 13C chemical shifts were referenced to 

internal tetramethylsilane (TMS); the experimental para-

meters for 1H: digital resolution = 0.23 Hz, SWH = 7530 

Hz, TD = 32 K, SI = 16 K, 900 pulse-length = 10 μs, PL1 

= 3 dB, ns-= 1, ds= 0, d1 =1 s; for 13C: digital resolution 

= 0.27 Hz, SWH = 17985 Hz, TD = 64 K, SI = 32 K, 900 

pulse-length = 9 μs, PL1 = 1.5 dB, ns= 100, ds= 2, d1= 3 

s. NMR-grade CDCl3 was used for the analysis of 

ethylene glycol ketal and fuel blends. 

The purity of the synthesized ethylene glycol ketal 

confirmed by thin-layer chromatography (TLC) on 

commercial aluminum-backed plates of silica gel (60 

F254), iodine vapor was used as a visualizing agent, 

eluent- 5:2 hexane/ethyl acetate. 
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Figure 1. Dioxane and ethylene glycol ketal 

 

 
 

Figure 2. The preparation of the ethylene glycol 

ketal 

 

The procedure for preparation of biodiesel 

Sunflower biodiesel (B100) was obtained by dissolving 0.69 g 

KOH in 37.5 ml of methanol (CH3OH) without heating (at 

room temperature). After complete dissolution, 50 g of oil 

was added to this mixture. The reaction was carried out in a 

conical flask equipped with a reverse refrigerator and 

magnetic stirrer for 6 hours at 65 ºC (rotation speed was 

maintained at 1000 rpm). After stirring, the reaction mass was 

aged for at least 12 hours in a dividing funnel. The reaction 

mass was divided into 2 layers using a dividing funnel: the 

upper layer contained biodiesel, the lower layer-glycerine. 

Untreated biodiesel was repeatedly washed with water in 

order to remove catalysts. The conversion rate was 95% when 

using the molar ratio of oil to methanol 1:3 (Figure 3). 

 

 

 
 

Figure 3. The preparation of the biodiesel 
 

 
 

Figure 4. Biodiesel synthesized from sunflower oil 

and its blends were characterized in accordance with the 

American Standard of Testing and Materials (ASTM) 

methods. 

 
The procedure for preparation of ethylene glycol ketal 

A mixture of 30 g of pure ethylene glycol, 100 ml of 

cyclopentanone (in Figure 5), 0.75 g of p-toluene sulfonic 

acid (PTSA) was placed in a 500 ml conic flask fitted a 

reflux condenser and magnetic stirrer. The reaction mixture 

was stirred under 100°C for 5 working days. After the 

completion of the reaction mixture was neutralized with 0.5 

g sodium acetate. In the next stage filtration and evaporation 

of the cyclopentanone had been carried out. The ketal was 

obtained by vacuum distillation, yield 65% (Figure 2). 
 

 
Figure 5. Mixture of hydroxyl and cyclopentanone 
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3. RESULTS AND DISCUSSION 
 

In our previous works [12-14], the preparation of 

methanol, ethanol biodiesels catalyzed by a new ionic 

liquid system (or KOH) and testing of their operational 

properties had been informed. This work is devoted to the 

preparation of methanol biodiesel from the sunflower oil, 

testing their different exploitation properties with (or 

without) the ETG, DO and CP additivities. 

As known from the literature oxygenated compounds, 

such as glycerol ketals, pine oil (PO), essential oils, etc. 

can be used as a fuel additive to reduce particulate 

emission and to improve the cold flow properties of liquid 

transportation fuels. It helps to reduce gum formation, 

improves oxidation stability, etc. [15, 16]. 

The used feedstock sunflower physicochemical properties 

are shown in Table 1.   

 

Table 1. Major fatty acids and physical properties of the 

refined sunflower oil 

 

Fatty acid composition 

(wt.%) 

16:0  18:0 18:1 18:2 

3.5–

7.6  

1.3–

6.5 

14–

43 

44–

74 

Acid value (mg of KOH/g) 0.28±0.5 

Saponification value (mg 

KOH/g) 

193.3±0.5 

Iodine value (g I2 per 100 g) 121.4±0.5 

Viscosity (cP) 34.1±0.5 

Flash point (°C) 265 

Pour point (°C) +12 

Density (g/cm3) 0.9186 

 

Considering the above indicated, the properties B10 and 

B20 blends in presence of EGK, DO and CP was studied. 

The physical properties of the diesel, sunflower biodiesel 

(B100), B10 and B20 blends with (or without) oxygenated 

additivities were investigated and the results are shown in 

Tables 2, 3.

  

 

Table 2. The physical properties of B10, B20, B100 and diesel fuels

 

 

 

As seen in Tables 2 and 3 density decreased for all B10 

and B20 fuel blends. The density is a factor governing the 

quality of crude petroleum, it is an uncertain indication of 

petroleum product quality unless correlated with other 

properties. But, kinematic viscosity significantly decreases 

for all fuel blends in the presence of 5% oxygenated 

compounds in the blends. Minimal kinematic viscosity has 

the B10+DO fuel blend (3.13 mm
2
/s). The significantly 

decreasing viscosity positively influences the flow and 

sprays characteristics in the engine [2, 4]. 

The flashpoints are decreased for the biodiesel blends than 

for pure biodiesel (B100). The best flashpoint was 

demonstrated B10+DO fuel blend with the 78
º
C. The clo-

ud and pour points for fuel blends at the presence of 

oxygenated additivities were decreased. The best cloud 

and pour points were typical for the B10+DO blend. 

The amount of sulfur significantly decreased as the 

percentage of biodiesel and oxygenated compounds in 

blends from 50 up to 33 ppm, which is very important for 

the environment and human health. As shown in our 

experimental results, water, sediment, also copper 

corrosion parameters are excellent [8]. 

The oxidation stability of diesel and B10 and B20 blends 

before and after oxidation was estimated by the ratio of 

NMR integral intensity of the naphthenic-paraffinic region 

at 0.5-4.5 ppm. to the olefinic-aromatic region at 4.5-6.0 

ppm. and 6.6-9.0 ppm. accordingly (Table 4).

 

 

 

 

 

 

Properties ASTM 

Methods 

ASTM diesel B10 B20 B100 

diesel biodiesel     

Relative density at 20°C, g/cm3 D1298 0.8-0.84 0.86-0.9 0.837 0.848 0.855 0.88 

Viscosity at 40°C, mm2/s, min-max. D445 2-5 3.5-5.0 3.44 3.54 3.60 4.1 

Flash point, °C, min. D93 65 ˃120 70 114 105 174 

Cloud point (°C)  D2500 -12 ˂20 7 3 5 +12 

Pour point (0C) D2500 -15 ˂15 0 -7 -5 +6 

Iodine value g (l2)/100 g - 60-135 ˂120 1.58 44.5 45.7 110.5 

Sulfur, ppm, max. D 975-14 15 15 50 35 33 0 

Water and sediment, vol%, max.  D 975-14 0.05 0.05 0 0 0 0 

Copper corrosion, 3 hr at 50°C, max. D 975-14 №3 №3 №2 №1 №1 №1 

Cetane number, min. D 975-14 40 47 43 43.7 44.1 48.5 
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Table 4. The oxidation stability of diesel and B10 and B20 blends 
 

 diesel B10 B10 B20 B10 B20 B10 B20 

  FAME FAME+EGK 

(5%) 

FAME+EGK 

(5%) 

FAME+DO 

(5%) 

FAME+DO 

(5%) 

FAME+CP 

(5%) 

FAME+CP 

(5%) 

Before (OSNMR) 9.89 11.28 8.95 8.21 15.71 13.32 11.6 10.31 

After (OSNMR) 5.88 5.31 6.59 5.41 8.39 7.59 6.15 5.78 

 

 

As seen in Table 4, high oxidation stability has the B10+DO 

fuel blend. The oxidation stability of other oxygenated fuel 

blends also is more than that of diesel and B100 fuel blends 

during the oxidations at 16 hours, at 95°C. This is due to the 

fact that oxygenated additivities protect the fuel from 

oxidation.  

Considering the above indicated, we note that the B10+DO 

fuel blend has low kinematic viscosity (3.13 mm2/s), 

flashpoints temperature (78
º
C), high oxidation stability and 

best exploitation properties demonstrated. 

 

4. CONCLUSIONS  

The properties of diesel, B10, B20, B100 fuel blends with (or 

without) oxygenated additivities were investigated on the 

ASTM (Figure 4) standards. 

Obtained results have demonstrated improvements of the 

important physical properties- such as density, viscosity, 

amount of sulfur, copper corrosion, flash-, pour- and cloud 

points for B10, B20 fuel with oxygenated compounds. 

Summarizing the obtained data, we can note that the fuel 

blends B10, B20 with oxygenated compounds have greater 

potential for diesel engines than pure biodiesel (B100) and 

commercial diesel fuel. The best result was demonstrated 

B10+DO fuel blend among the studied fuels.  

 

REFERENCES 

[1] Oner, C., Altun, S. Biodiesel production from inedible 

animal tallow and an experimental investigation of its use as 

alternative fuel in a direct injection diesel engine, J Appl 

Phys., 86(10), 

2114–2120, 2009. 

[2] Aksoy, F. The effect of opium poppy oil diesel fuel 

mixture on engine performance and emissions, Int J. Environ. 

Sci. Tech., 8(1), 57–62, 2011. 

[3] Meher, L.C., Vidya, D.S., Naik, S.N. Technical aspects of 

biodiesel production by transesterification-a review, Renew. 

Sust. Energy Rev., 10, 248-268, 2006. 

[4] Miriam, D.T, Gonzalo, J., Jose, A.M., Elísabet, P., Mario, 

S. Glycerol ketals: Synthesis and profits in biodiesel blends, 

Fuel, 94, 614-6162, 2012. 

[5] Ma, F., Hanna, M.F. Biodiesel production: a review, 

Bioresour. Technol., 70, 1–15, 1999. 

[6] Zheng, M, Mulenga, M.C., Reader, G.T., Tan, Y., Wang, 

M., Tjong, J. Neat biodiesel fuel engine tests and preliminary 

modeling, SAE Technical Paper Series, 01, 1-16, 2007. 

[7] Nwafor, O.M.I. Emission characteristics of diesel 

engine operating on rapeseed methyl ester, Renew. 

Enerergy. 29, 119-129, 2004. 

[8] Prasad, T.H., Reddy, K.H.C., Rao, M.M. Performance 

and exhaust emissions analysis of a diesel engine using 

methyl ester of oil with artificial neural network aid, Inter. 

J. Engineer. Tech., 2, 23-27, 2010. 

[9] Environmental Protection Agency of USA (2002) A 

comprehensive analysis of biodiesel impacts on exhaust 

emissions. Draft technical report (EPA420-P-02-001) web. 

https://19january2017snapshot.epa.gov/www3/otaq/model

s/analysis/biodsl/p02001.pdf). 

[10] Shahmirzae, H.J., Fallahipanah, M., Hashemi M. G., 

Chen, L. Performance analysis of Diesel engines fueled by 

biodiesel blends via thermodynamic simulation of an air-

standard diesel cycle, Int. J. Environ. Sci. Technol., 11, 

139-148, 2014.  

[11] Lee, H.V., Juan, J.C., Taufiq-Yap, Y.H., Kong, P.C., 

Rahman, N.A. Advancement in heterogeneous base 

catalyzed technology: An efficient production of biodiesel 

fuels, J. Renew. Sust. Energy, 7, 1-47, 2015. 

[12] Mamedov, I., Huseynova, S., Javadova, O., Azimova, 

N. Pine oil and glycerol ketal as components of B10 fuel 

blends,  Indian Journal of Chemical Technology, 29, 442-

447, 2022. 

[13] Mamedov, I.G., Javadova, O.N., Azimova, N.V. 

Preparation of diesel fuel blends and study of their 

physical properties, Proc. Univer. Appl. Chem. Biotech., 2, 

332-338, 2020. 

[14] Mamedov, I., Huseynova, S., Javadova, O., Azimova, 

N., Huseynova, R., Gasimova, Sh, Testing of pine oil and 

glycerol ketal as components of B10 fuel blend, Energy, 

Environment and Storage, 2(1), 11-14, 2022. 

[15] Nanda, M.R., Zhang, Y., Yuan, Z., Qin, W., 

Ghaziaskar, H.S., Xu, C.C. Catalytic conversion of 

glycerol for sustainable production of solketal as a fuel 

additive: A review, Renew.Sust. Energy Rev.,56, 1022-

1031, 2016. 

[16] Prakash, T., Geo, V.E., Martin, L.J., Nagalingam, B. 

Evaluation of pine oil blending to improve the combustion 

of high viscous (castor oil) biofuel compared to castor oil 

biodiesel in a CI engine, Heat Mass Trans., 55, 1491-

1501, 2019. 

 

 

https://19january2017snapshot.epa.gov/www3/otaq/models/analysis/biodsl/p02001.pdf
https://19january2017snapshot.epa.gov/www3/otaq/models/analysis/biodsl/p02001.pdf

