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ABSTRACT 
 

Sudan is highly dependent on diesel. Diesel is used in agriculture machines, transportation, and other 

applications. This study has been carried out to produced biodiesel from Jatropha curcas seed oil. Jatropha 

was chosen because it is not edible, therefore it will not pose a new problem to humans regarding food 

competition. This research successfully extracted oil from Jatropha curcas seed using n-hexane solvent with 

yield 39%. The oil than converted to biodiesel by alkaline transesterification process with a conversion yield 

92 %. The properties such as flash point, acid value, viscosity, iodine value, density, copper corrosion, cetane 

number, sulphated ash, pour point, free glycerol, and total glycerol contents were 174 oC, 0.17 mg KOH/g, 

8.912 mm2/s, 102 g I2/100 g, 895.8 kg/m3, class1, 51, 0.0047 %, -3 oC, 0.01 %,0.03 %, respectively. These 

quantities obtained were met most of the biodiesel standards that are ASTM D6751, EN14214, and ASTM 

D975. The GC data showed the fatty acid methyl ester (FAME) has a 12-20 carbon chain and still has 

monoglycerides, diglycerides, and triglycerides. 

 

Keywords: Biodiesel, FAME, Jatropha curcas, Transesterification 
 

______________________________________________________________________________________________________ 

 

1. INTRODUCTION  

Alternative diesel fuel biodiesel was made from 

renewable biological sources such as vegetable oils and 

animal fats. It is biodegradable and non-toxic, with low 

emission characteristics, making it environmentally 

friendly[1]. Free fatty acids, phospholipids, sterols, 

water, odorants, and other contaminants are common 

during extraction process to get the crude oil. The crude 

then will get transesterification process alcohols using 

alkali or acid catalysts[2]. 

Jatropha curcas has received increased attention 

in recent decades as a renewable biofuel source to 

reduce environmental pollution, desertification, and 

soil degradation in arid and semiarid regions. Jatropha 

oil has 5.54 % of moisture, 24.60 % protein, 47.25 % 

crude fat[3]. Jatropha oil's fatty acid composition 

differs by region. The primary saturated fatty acids are 

palmitic acid at 14.1% and stearic acid at 6.7%, while 

unsaturated fatty acids are oleic acid at 47% and 

linoleic acid at 31.6%. This composition make it better 

substitute for biodiesel[3]. 

 
Figure 1 Transesterification of triglyceride with 

methanol 

 

Figure 1showed the transesterification process 

to produce a biodiesel (methyl ester). Base-catalyzed 

transesterification is most preferred used because can 

occured in room temperature and pressure with high 

yield[4]. This study was conducted to manufacture 

biodiesel from Jatropha curcas seed oil using KOH as 

catalyst to produce fatty acid methyl ester (FAME).  

Several methods had been developed to extract 

oil from Jatropha curcas seeds, such as mechanical 

http://u.lipi.go.id/1564563754
mailto:arijmoh7321@gmail.com


HELIUM: Journal of Science and Applied Chemistry  Volume 02, Number 02, December 2022, Page 58 - 63 
https://journal.unpak.ac.id/index.php/he_jsac    e-ISSN: 2776-4508; p-ISSN: 2776-1711 

Publisher : Universitas Pakuan 

 

 - 59 - 

 

pressing[5], and solvent extraction[6], [7]. In this 

research, the oil from Jatropha curcas seeds will be 

extracted using a hexane solvent extraction method. 

The biodiesel will characterized, and evaluated for 

physicochemical properties. 

2. METHODS  

Materials: Ethanol 99%, Jatropha curcas 

seeds,KOH 97%, distilled water, methanol 99%, 

toluene 98%, isopropanol, n-hexane 97%. 

Instruments: Potentiometric titration, Titrino 

885, SVM 3000, Cannon-Fenske routine Viscometer 

size 75, Cloud and pour point tester - automatic NTE 

450, C2000 basic calorimeter, Shimadzu GC-2010. 

Extraction procedure: A 100 g of Jatropha 

curcas seeds was extracted with 300 mL of n-hexane in 

a Soxhlet apparatus about eight hours. At the end of the 

extraction, the emulsion was cleaned by vacuum 

filtration to eliminate suspended solids. Then, the 

organic solvent was removed from the Jatropha oil 

using a rotary evaporator  

Transesterification procedure: A 500 gram of 

Jatropha curcas seed oil was heated to 60 °C in 1 L 

flask using a heating plate. Then, 200 mL KOH 0.5% 

(w/v) in methanol is added and the reaction left until 

120 minutes. After the reaction was finished, the mix 

was left for 24 hours to separate the FAME and 

glycerol. FAME was cleaned using water before the 

solvent separated with vacuum evaporator. The 

physicochemical properties of FAME were conducted 

using EN ISO and ASTM, then compared with ASTM 

D6751, EN14214, and ASTM D975. 

GC was conducted using Shimadzu GC-2010 

with flame ionization detector. The SGE HT-5 (25 m x 

0.32 um x 0.1 um) was used as column and hydrogen 

as carrier. The temperature programs are initial 50 oC, 

15 oC/min up to 180 oC, 7 oC/min up to 230 oC, 20 
oC/min up to 380 oC[8]. 

 

3. RESULTS AND DISCUSSION 

The GC-FID chromatogram of Jatropha curcas 

seeds oil FAME showed at Figure 2. From this 

chromatogram can concluded that Jatropha curcas 

composed by C12-C20 saturated and unsaturated fatty 

ester. The chromatogram also gives information that 

palmitic acid and oleic acid are the major composition 

in Jatropha curcas seeds oil. The chromatogram of 

FAME using EN 14110 standard method (Figure 3) 

showed the FAME still have glycerol, monoglyceride, 

diglyceride, and triglyceride as residue.  

 

 
Figure 2. Chromatogram of Jatropha curcas FAME 

composition 

 

 
Figure 3. Chromatogram of Jatropha curcas FAME 

residue 

 

The determination of biodiesel fuel quality is an 

issue of great importance to the successful 

commercialization of this fuel. ASTM D6751, 

EN14214, and ASTM D975 were used as FAME 

standard specification. All the test has done for 

biodiesel is served in Table 1 and the discussion will do 

below.  

The acid value was calculated using the ASTM 

D664 standard. The biodiesel had an acid value of 0.17 

mg KOH/g. The biodiesel standards ASTM D6751 and 

EN14214 permitted a maximum acid value of 0.50 mg 

KOH/g for biodiesel, which the Jatropha FAME met. 

The free fatty acids who is responsible for acid value 

can influence low-temperature characteristics and 

induce corrosion in some metal parts. Copper corrosion 

test showed the FAME have lower corrosion capability. 

The flashpoint observed for Jatropha FAME and 

is 174 °C, which is vital for the handling, storage, and 

safety of fuels and flammable materials, is within the 

prescribed limits in American and European biodiesel 

standards are 130 ℃ and 101℃, respectively. This data 

showed that the biodiesel from Jatropha curcas seeds 

oil relatively easy to handle, store, and safe. The 

Jatropha FAME also relatively easy to get because 

have 90% distillation temperature is 350 oC. This value 

meets the ASTM D6751 specification that is maximum 

360 oC. 
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Table 1. Properties of FAME from Jatropha curcas and its comparison towards diesel and biodiesel specification 

standards [9]–[36] 

Properties of 

biodiesel 
Unit 

Diesel Biodiesel Standards 

Results ASTM D975 ASTM D6751 EN 14214 

Method Limits Limits Method Limits Method 

Cetane number - 

ASTM 

D4737, 

EN 590 

40-55 48-65 
ASTM 

D613 
Min 51 

EN ISO 

5165 
51.0 

Acid value mg KOH/g 
ASTM 

D664 
0.35 Max 0.5 

ASTM 

D664 
Max 0.5 

EN 

14104 
0.17 

Kinematic 

viscosity@40℃ 
mm2/s 

ASTM 

D445 
2.0-4.5 1.9-6.0 

ASTM 

D445 
3.5-5.0 

EN ISO 

3104 
8.912 

Sulfated ash % 
ASTM 

D874 
 Max 0.02 

ASTM 

D874 
Max 0.02 

EN ISO 

3987 
0.0047 

Density@15℃ kg/m3 
ASTM 

D1298 
820-860 880 

ASTM 

D1298 
860-900 

EN ISO 

3675 
895.8 

Water content % v/v 
ASTM 

D2709 
Max 0.05 Max 0.05 

ASTM 

D2709 
0.05 

EN ISO 

12937 
0 

Copper corrosion - 
ASTM 

D130 
Class 1 No.3 

ASTM 

D130 
Class 1 

EN ISO 

2160 
Class 1 

Sulfur content mg/kg 
ASTM 

D5453 
Max 0.5 Max 0.05 

ASTM 

D5453 
Max 10 

EN ISO 

20846 
0.0063 

Iodine value g I2/100 g - - - - Max 120 
EN 

14111 
102 

Flashpoint °C 
ASTM 

D93 
60-80 Min 130 

ASTM 

D93 
Min 101 

EN ISO 

3679 
174 

Micro Carbon 

residue 
% w/w 

ASTM 

D4530 
Max 0.2 Max 0.05 

ASTM 

D4530 
Max 0.3 - 0.00 

Distillation 

temperature @90% 
℃ 

ASTM 

D1160 
Max 355 Max 360 

ASTM 

D1160 
- - 350 

Pour point ℃ 
ASTM 

97 
(-35)-15 (-15)-10 

ASTM   

97 
- - -3 

Linolenic methyl 

ester 
% w/w 

EN 

14103 
- - - Max 12 

EN 

14103 
0.17 

Polyunsaturated 

methyl esters 
% w/w - - - - Max 1 

EN 

14103 
0 

Ester content % w/w - - - Min 96.5 Min 96.5 
EN 

14103 
95 

Methanol content % w/w - - - - Max 0.2 
EN 

14110 
0.0012 

Alkaline metals 

(Ca+Mg) 
mg/kg - - - - Max 5 

EN 

14538 
4.7 

Phosphorus content mg/kg - - - - Max 10 
EN 

14107 
<4 

Another essential attribute of diesel and its 

substitution is cetane number. Cetane number used to 

measuring a diesel combustion quality during 

compression ignition. The cetane number observed for 

Jatropha curcas FaME is within the allowed limits in 

American and European biodiesel standards and 

greater than diesel fuel. Another significant component 

for optimal engine performance and determining the 

quality and pricing of biodiesel is density. The density 

of the biodiesel produced was 895.8 kg/m3, which is 

http://u.lipi.go.id/1564563754


HELIUM: Journal of Science and Applied Chemistry  Volume 02, Number 02, December 2022, Page 58 - 63 
https://journal.unpak.ac.id/index.php/he_jsac    e-ISSN: 2776-4508; p-ISSN: 2776-1711 

Publisher : Universitas Pakuan 

 

 - 61 - 

 

well within the ASTM D6751 and EN14214 

requirements. The Jatropha curcas seeds oil but 

slightly higher than the density of diesel standard 820-

860 kg/m3. It means the biodiesel will change the 

machine performance due its density and maybe some 

machine modification needed. 

Fuel with high viscosity will create a bigger drop 

of fuel in the combustion chamber of an engine, which 

may not burn completely and make a carbon residue. 

This residue can cause issues like clogging of engine 

components. The Jatropha curcas biodiesel at 40°C 

have kinematic viscosity 8.912 mm2/s. This value 

higher than of ASTM D6751 and EN14214 that are 1.9-

6 mm2/s and 3.5-5.0 mm2/s, respectively. This value 

also higher than the viscosity for diesel standard 

(ASTMD975) that is 2.0-4.5 mm2/s. This value means 

the FAME cannot used alone as a fuel but needs a 

blending process with a petroleum.  

The iodine value is a significant measure for 

determining the unsaturated free fatty acids. The iodine 

value of biodiesel is 102 g I2/100 g, meeting the value 

of EN14214 biodiesel standards is max 120 g I2/100 g. 

Water content can cause corrosion of containers and 

apparatus, and can cause an emulsion. The water 

content observed for FAME is 0.05%, that's within the 

approved limits in ASTM D6751 and EN 14214 

biodiesel standards is max 0.05%.  

The pour point values of biodiesel manufactured 

and Jatropha curcas seed oil was -3 °C shown in Table 

1, due to the greater unsaturated fatty acid content in 

raw Jatropha curcas seeds oil. The result of pour point 

test was found to be within the specified limits of 

ASTM D975 diesel standards that is between -35 ℃ -

15 ℃ and ASTM D6751 biodiesel standard 

specifications -15 ℃ - 10 ℃. This value means, the 

biodiesel from Jatropha curcas is suitable not only for 

the tropical region but also for moderate temperature 

region.  

The inorganic content such as alkaline metals, 

carbon residue, phosporous, and sulfur can affect 

machine performance and durability, gas emission, and 

carbon tax. All these inorganic contents meet the 

biodiesel specification. Although the FAME meets 

mayority of spesification standards of ASTM D6751 

and EN 14214, the ester content was below the 

spesification. This research only get 95 %(w/w), not 

reach the minimum content 96.5 %(w/w). Still need a 

modification on FAME synthesized process to get 

optimum FAME product. 
 

 

 

 

 

4. CONCLUSION  

Jatropha curcas seeds oil FAME is a promising 

feedstock for biofuel in Sudan country. The FAME was 

synthesized by alkali-catalyzed transesterification with 

95% yield. GC-FID and GC-MS chromatograms 

showed the biodiesel C12-C20 saturated and 

unsaturated fatty ester, and residue such 

monoglyceride, diglyceride, triglyceride, and glycerol. 

Important fuel properties of biodiesel such as flash 

point, acid value, viscosity, iodine value, density, 

copper corrosion, cetane number, and pour point 

contents are 174 ℃, 0.17 mg KOH/g, 8.912 mm2/s , 

102 g I2/100 g, 895.8 kg/m3, class 1, 51, and      -3 ℃ , 

respectively. The biodiesel still has inorganic materials 

such as alkaline metals, phosphorous, and sulfur.  

These quantities obtained were compared with 

ASTM D6751, EN14214 and ASTM 975 

specifications. The properties values of biodiesel 

produced met most of the biodiesel and fossil diesel 

standards except the viscosity. The viscosity value is 

slightly bigger than the required standards. This 

problem can be easily improved by blending with low 

viscosity diesel. 
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