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ABSTRACT 
 
 This work assesses the feasibility of utilizing mucilage wasted from the alkali refining process of crude 
vegetable oils to produce biodiesel fuel. The production of biodiesel fuel using the mucilage has been done 
through two main consecutive processes. The first process involves the production of fatty acids from mucilage 
by acidulation to liberate the fatty acids followed by distillation of the produced crude fatty acids to give a more 
pure product. In the second process, the produced fatty acids were esterified with methyl and ethyl alcohols in 
presence of sulfuric acid as a catalyst to yield methyl as well as ethyl esters. The produced biodiesel fuels have 
been then evaluated as a fuel of diesel engines according to their fuel properties compared to the standard 
specifications of a diesel fuel. The fuel properties include the viscosity, calorific value, flash point, pour 
point..etc Also, the performance of a diesel engine operated using a 50% blend of solar and each of the two fatty 
acids esters(methyl and ethyl) was compared to that using solar at different engine loadings. The indicated 
power, the break power and the break specific fuel consumption were recorded each time .The results have 
shown that the brake thermal efficiency at full engine loading using a 50% mixture of solar and the fatty acids 
methyl esters was better than that using solar only.  
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Introduction 
 
 Biodiesel fuel which is chemically a blend of the esters of fatty acids with short chain alcohols is considered 
the most promising fuel substitute for diesel fuel obtained from petroleum (Quick et al., 1986; Zaher, 1990 and 
2001; Demirbas, 2002; Zaher, et al., 2003; Singh, et al., 2010; Kristopher et al., 2011; Venu et al., 2012). It has 
several advantages over regular diesel fuel. For example, it has more lubricity which reduces the wear rate of the 
engine parts. Also it has higher flash point than diesel fuel which makes it safer. It is also free from sulfur which 
usually forms acidic oxides upon oxidation in the engine. Thus, the use of biodiesel fuel in place of regular 
diesel fuel will reduce the corrosion rate of the engine parts by the action of acidic gases in the combustion 
exhaust. The absence of sulfur oxides in the combustion exhaust besides the fact that biodiesel fuel is 
biodegradable make this fuel more environmentally friendly compared to regular diesel fuel (petro-diesel). 
 Biodiesel fuel can be prepared via transesterification of vegetable oils with short chain alcohols in presence 
of a suitable acidic or alkaline catalyst. . Since Egypt imports annually huge quantities of edible oils to cover 
more than 90% of the consumption needs, it is completely unacceptable to produce this fuel in Egypt using 
vegetable oils that can be used for human consumption. Thus, it must be prepared from non edible oils. 
Examples of these oils are highly acidic ricebran oil (Megahed, 1996), jatropha oil (Zaher, et al., 2007; Hawash, 
et al., 2009; Joon et al., 2011; Zaher, et al.; 2012; Yingying, et al., 2012; Lu-Yen, et al., 2013) and rapeseed oil 

(Kusidiana, et al., 2001; Zaher, et al., 2004). Biodiesel fuel can be also prepared by direct esterification of fatty 
acids with alcohols in presence of an acidic catalyst (El-Kinawy, et al., 2012) In the oil and soap industrial 
sector in Egypt, the processing of crude vegetable oils to give first grade edible oils includes several steps to 
remove the undesirable components from the crude oil. One of the major steps is the removal of the free fatty 
acids which is usually done by treatment of the crude oil with a solution of caustic soda at a concentration and 
quantity dependent on the crude oil acidity. The alkali saponifies the free acids and the soap formed together 
with some other oil impurities such as gummy materials and pigments are separated from the refined oil as a 
dark product heavier than the oil called mucilage which consists mainly of saponified fatty acids. Annually, a 
huge quantity of mucilage is wasted in the oil and soap industrial sector .The aim of this study is to assess the 
feasibility of utilizing that waste as a source of fatty acids to produce biodiesel fuel.  
 
Experimental: 
 
 The work done in scope of this work comprises three main tasks as follows: 
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1. Production of fatty acids from mucilage 
2. Production of biodiesel fuel using liberated fatty acids 
3. Evaluation of biodiesel formed as a diesel engine fuel compared to regular diaesl fuel,petro diesel or solar. 
 
1. Production of fatty acids from mucilage 
 The whole process for the production of fatty acids from mucilage has been carried out in a local oil plant 
belonging to the company of the Extracted Oils and Their Derivatives,Alexandria , Egypt.The process has been 
carried out in four major steps . 
a) The first step is the saponification of the residual oil in mucilage using caustic soda .The quantity of caustic 
soda to be used was determined according to the quantity of the residual oil in the batch of mucilage used (as 
detected by laboratory tests).This quantity varies from a batch to a batch. 
b) The second step is the acidulation of the saponified mucilage,(soapstock) using sulfuric acid yielding crude 
fatty acids. The quantity of acid added was metered so that the whole mixture will have pH=2 
c) The third step is the separation of the upper crude fatty acids blend floating as an upper layer from the lower 
aqueous layer containing sodium sulfate 
d) The fourth step is the distillation of the crude blend of fatty acids at high temperature(235˚C) under vacuum 
to yield a pure blend of fatty acids 
 
2.  Production of biodiesel from the fatty acids produced from mucilage 
 Production of biodiesel from the fatty acids was then performed using methanol and ethanol in presence of 
sulfuric acid as a catalyst at a percentage of three percent of the mixture weight .Theoretically, one mole acid 
requires one mole alcohol. However, the alcohol was used in excess of the theoretical quantity (about three mole 
of alcohol for each mole of acid) to achieve complete conversion of the acids to ester. This was necessary to 
force the reaction which is reversible in the forward direction giving ester 
 The reaction mixture was refluxed in two liters round bottom glass flask equipped with a back-flow 
condenser and thermometer. The reaction progress was followed up during the esterification process by thin 
layer chromatographic analysis of samples withdrawn over definite time intervals until completed .At the end of 
the reaction, the reaction mixture separated into two layers. The upper layer contained the ester and most of the 
residual alcohol while the lower layer contained water, alcohol and the acid catalyst. The upper layer was then 
separated from the lower layer, washed with distilled water to remove residual acidity, dried using anhydrous 
sodium sulfate and the residual alcohol was then evaporated. The chemical composition of produced biodiesel 
was made using gas liquid chromatography. 
 
Methods of analysis: 

i. Thin layer chromatographic analysis of esterfied samples 
Chromatoplates (20x20) were coated with a slurry of silica gel (60G) in water (15g solid/100 m water), air dried 
and then activated at 110°C for 1.0 hr. Standard samples of oleic acid and methyl ester of oleic acid(methyl 
oleate) were then spotted on the activated thin layer plates, 3 cm from bottom. The withdrawn samples from the 
reaction mixture were also spotted on the same plate. The developing solvent consisted of n-hexane, diethyl 
ether and acetic acid at a volumetric ratio 80: 20: 1, respectively. The developing jar was lined on three sides 
with filter paper wetted with the same developing solvent. The plates were developed till the solvent front 
reached 15 cm from the start line. The spots of different components separated by TLC were then visualized by 
iodine vapor. The reaction was considered completed when the withdrawn sample from the reaction mixture 
showed the ester spot only. 

ii. Gas-liquid chromatographic analysis  
Perkin Elmer Chromatograph was used for this analysis using DB-5 column coated with 5% phenyl and 95% 
methyl poly siloxan. The column length was 60 m with 0.32 mm inside diameter and 0.25 μm thickness. The 
injection temperature was 230 ˚C and the column temperature was programmed from 150 to 240˚C at a rate of 
3˚C / min. 
3-Evaluation of the produced esters (methyl as well as ethyl esters) as a fuel for diesel engines according to the 
standard specifications of diesel fuel. 
 The prepared esters were tested for their fuel properties using the ASTM standard methods for petroleum 
products. These include the distillation characteristics, kinematic viscosity, flash point, heat of combustion, pour 
point, cetane number, API gravity, sulfur percentage, carbon residue, ash percent and water content.  
 The prepared biodiesel fuel has been also evaluated according to the performance of a diesel engine 
operated using it compared to that using regular diesel fuel; petro diesel (solar).Engine testing has been 
conducted on a direct injection four stroke, four cylinders diesel engine (capacity1931cm3). A schematic layout 
of the experimental set-up used is described in figure (1).The instruments and measuring devices used in this 
set-up include: 
1-Hydraulic dynamometer which is essentially a torque measuring device  
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2-Tachometer and stroboscope which are rpm measuring devices. 
3-Thermocouples to measure the temperature of the cooling water, inlet and exit as well as the temperature of 
the exhaust. 
4-Air tank and orifice meter which is used to calculate the air flow rate. 
Fuel tank as well as a fuel metering system 
 The experiments were carried at a constant speed of 1250 rpm. The tested fuels include a blend of petrol 
diesel with the methyl esters of fatty acids (50% each), a blend of petrol diesel with the ethyl esters of fatty acids 
(50% each) and pure petrol diesel. Five experimental runs were made using each fuel at different loads being; 
zero, 15, 40, 65 and 75nm. In each run, the following readings were recorded for performance evaluation: 
1-Dynamometer reading (load) and engine rpm. 
2- Fuel flow rate as well as air flow rate. 
3 Cooling water flow rate and temperature rise. 
4- Exhaust temperature 
On the basis of these readings, the performance parameters of the engine can be estimated, these include: 
1- Brake specific fuel consumption, BSFC, (gm/Kw.hr), 
2- Brake thermal efficiency (%), 
3-Indicated specific fuel consumption, ISFC (gm/Kw.hr) 
4-Indicated thermal efficiency (%),  

 
Fig. 1: Experimental Setup. 
 
Results and Discussion 
 
1-Fatty acid composition of the starting fatty acids blend produced from mucilage: 
lauric acid (2.5%), myristic acid (2.5%),  
palmitic acid (58.32%), stearic acid(6.45%),  
oleic acid (1.93%) linoleic acid (28.3%).  
2- Properties of the prepared biodiesel fuels compared to regular diesel fuel,(solar). 
The properties of biodiesel considered were those relevant to their function as a fuel such as their volatility or 
distillation characteristics, heating value, flash point, pour point, etc as well as the performance of a diesel 
engine when they are used to operate it. 
 
a)-Distillation characteristics: 
  
 Distillation characteristics of a fuel exert a great influence on its performance particularly in medium and 
high speed engines. The average volatility requirements of diesel fuel vary with engine speed, size and design. 
The volatility of the prepared fuels compared to solar can be understood from their ASTM distillation curves. 
(data listed in Table 1 and graphically represented in figure 2). It is clear that the biodiesel fuel made of fatty 
acids ethyl esters is more volatile than regular solar and the reverse is true in case of that made of fatty acids 
methyl esters. The 10% distillation occurs at almost same temperature in case of solar and the biodiesel made of 
fatty acids ethyl esters. This means that the starting ignition quality of both will be the same. In case of the 
methyl esters, the 10% distillation occurs at a much higher temperature which indicates bad starting ignition 
quality. 
 
b) - Fuel properties: 
 
 Table (2) lists the properties of the produced fatty acids esters (methyl as well as ethyl esters) important for 
their use as a fuel for diesel engine compared to the standard specifications of a diesel fuel. These properties 
include the heating value, viscosity, flash point, pour point, cetane number, the fuel content of water and sulfur, 
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ash percent as well as the carbon residue after combustion. The fuel content of water and sulfur as well as the 
carbon residue due to the fuel combustion affect the engine performance and the composition of the exhaust 
gases which may have an adverse effect on the environment. 
 It is clear that the prepared biodiesel fuels have low sulfur content which means that their combustion will 
yield less sulfur oxides which are acidic and corrosive. This is considered a major advantage of these biodiesel 
fuels for two reasons. The first is that the corrosion rate of engine parts by action of those corrosive gases will 
be lowered. The second is that the combustion exhaust of diesel engines operating most vehicles will contain 
less amount of the acidic gases (sulfur oxides) .Since these corrosive oxides are pollutants to our environment, 
we can state that biodiesel fuels are environmental friendly. 
 It is also clear that the ash% in biodiesel fuels is relatively low which means less non burnable materials. 
These non burnable materials, if present may cause some abrasion of the fuel injection components which are 
usually made with extreme precision to extremely close fits and tolerances. In addition, the ash can cause wears 
within the engine itself by increasing the overall deposit level and by adversely affecting the nature of the 
deposits.  
 By comparing the properties of the biodiesel fuel prepared by esterification with ethyl ester to that prepared 
by esterification with methyl alcohol, it appears that each type of these fatty acids esters has two specific 
advantages over the other The methyl esters has higher cetane number (59 compared to 40) which means that 
the engine knocking noise using the fatty acids methyl esters will be lower. Also, the fatty acids methyl esters 
have higher flash point (115 °C compared to 45 °C) which means that the biodiesel fuel prepared by 
esterification with methyl alcohol will be safer during handling and storage. In spite of the importance of the 
flash point in connection to safety, this point has no significance to the fuel performance in an engine.  
 On the other hand, the biodiesel fuel prepared by esterification with ethyl alcohol is less viscous than that 
prepared by esterification with methyl alcohol. The low viscosity will result in better fuel atomization ,better 
combustion and less problems due to injector coking .This result is confirmed by the finding that the carbon 
residue from its combustion is nil compared to 0.23%in case of the methyl esters. Also the ethyl esters of fatty 
acids are completely free from sulfur compared to 0.25% in case of the methyl esters. This means that the 
operation of a diesel engine using the ethyl esters instead of the methyl esters will result in less environmental 
pollution and less wear rate of engine parts. 
 The heating value of each of the prepared biodiesel fuels is more than 80% of the diesel fuel, which means 
that the power that can be produced from an engine under constant running conditions will be close to that using 
fuel.  
 
Distillation results of the methyl ester, ME, ethyl ester, EE and solar. 

 Solar E E ME 
Distillation 
Initial boiling point,oC 
10 ml 
20 ml 
30 ml 
40 ml 
50 ml 
60 ml 
70 ml 
80 ml 
90 ml 
 
Recovery,ml 
Residue, ml 
Loss % 

 
170 
205 
235 
264 
275 
278 
300 
310 
315 
322 
 
91 
8 
1 

 
90 
195 
225 
235 
235 
235 
240 
240 
240 
 
 
81 
17 
2 

 
90 
290 
320 
322 
324 
325 
327 
330 
332 
335 
 
91 
8 
1 

 
 
Property 
 

 
Diesel fuel 

 
Ethyl ester 

 
Methyl Ester 

Density, @ 15.56 oC 
Specific Gravity 
API gravity @ 60 oF 

0.82-0.87 
0.82-0.87 
31-41 

0.8852 
0.8861 
28.19 

0.9017 
0.9026 
25.7 

Kinematic visc, cSt, @ 40 oC  ≤7 3.38 7.25 
Pour point, oC 4.5-15 3 6 
Total Sulphur, wt % ≤1.2 Nil  0.25 
Ash content, wt% ≤0.01 0.002 0.0043 
Water% ≤0.15 00027 0.0025 
Carbon residue, wt% ≤0.1 Nil  0.23 
Cetane No. ≥55 40 59 
Flash point, oC  ≥55 45 114 

Gross Calorific value, cal/gm Net Calorific value ,cal/gm  
11357 
10741 

8218 
7625 

9103 
8523 
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Fig. 2: ASTM Distillation Results of the Fuels. 
 
4.B-Results of diesel engine running using solar and its 50% blends with the prepared biodiesel fuels 
 The results of diesel engine running using solar and its 50% blends with the prepared biodiesel fuels are 
listed in Tables 3, 4 and 5. The parameters listed in these tables include the brake specific fuel consumption; 
BSFC and the brake thermal efficiency in addition to some other parameters. These two parameters are the most 
important ones for the evaluation of a fuel when used for the running of a diesel engine. The first parameter; 
BSFC, is calculated using the formula: 
BSFC=Fuel flow rate, Kg/hrx1000/ Engine brake power, kilowatt 
On the other hand, the brake thermal efficiency was calculated using the formula: 
The brake thermal efficiency =BSFC/net heating value of the fuel, Kj/Kg  
 Low rate of fuel consumption and high thermal efficiency are both direct indication of good engine 
performance. 
 In Figures 3 the brake specific fuel consumption at different engine loadings using a blend of solar with 
methyl esters of fatty acids(50% blend) and using a blend of solar with ethyl esters of fatty acids(50% blend) are 
compared to that using regular solar. At full engine loading, BSFC using a blend of methyl esters with solar is 
lower than that using regular solar and the reverse is true using a blend of the ethyl esters of fatty acids with 
solar. These results are reflected on the brake thermal efficiency whereby it is highest using a blend of methyl 
esters of fatty acids with solar and lowest using the solar blend with the ethyl esters.Thus, it can be stated that 
the performance of the engine at almost full load; 75Nm is the best using a blend of 50% methyl ester and 
50%solar. 
 
Table 3: Readings and results of diesel engine running using solar. 

 1st run 2nd run 3rd run 4th run 5th run 

Inlet water Temp. (OC) 36 38 40 45 45 
Outlet water Temp. (OC) 48 55 59 69 69 

Water Rota-meter reading -0.3 -0.3 -0.3 -0.3 -0.3 
Load (Nm) 0 15 40 65 75 

Speed (rpm) 1250 1250 1250 1250 1250 
Air manometer reading (mmH2O) 6 6 6 6 6 

Exhaust Temp (OC) 113.9 143.1 206.2 267 307.2 
Time of fuel consumption {50 Cm3} 

(sec) 
140 120 82 61 54 

 
Results 

 1st run 2nd run 3rd run 4th run 5th run 
Brake power (KW) 0 1.9 5.2 8.5 9.8 
Indicated power (KW) 5.8 7.8 11.1 14.3 15.6 
Mechanical efficiency (%) 0 25.1 47.1 59.2 62.6 
BSFC (gm/Kw.hr) -- 642.8 352.7 291.8 285.6 
ISFC (gm/Kw.hr) 184.5 161.2 166.4 172.7 178.8 
BMEP (Kpa) 0 97.6 260.3 422.9 488.0 
IMEP (Kpa) 291.4 389.0 551.7 714.3 779.4 
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Brake thermal efficiency (%) 0 13.3 24.3 29.3 30.0 
Indicated thermal efficiency (%) 46.4 53.1 51.5 49.6 47.9 
A/F ratio 54.9 47.0 32.1 23.9 21.1 
Volumetric efficiency (%) 72.0 72.0 72.0 72.0 72.0 
Exhaust gas loss (%) 15.2 20.0 22.33 17.5 19.7 
Cooling water & unaccounted losses 
(%) 

84.7 66.6 53.3 53.0 50.2 

 
Table 4: Readings and results of diesel engine running using a blend of 50% solar and 50%methylesters of fatty acids. 
Readings 

 1st run 2nd run 3rd run 4th run 5th run 
Inlet water Temp. (OC) 38 42 47 47 47 
Outlet water Temp. (OC) 52 56 66 72 72 
Water Rota-meter reading 0 0 0 0 0 
Load (Nm) 0 15 40 65 75 
Speed (rpm) 1250 1250 1250 1250 1250 
Air manometer reading (mmH2O) 6.5 6.5 6.5 6.5 6.5 
Exhaust Temp (OC) 107.2 134.8 204.1 278.2 317.8 
Time of fuel consumption {50 Cm3} 
(sec) 139 104 75 55 59 

 
Results: 

 1st run 2nd run 3rd run 4th run 5th run 
Brake power (KW) 0 1.9 5.2 8.5 9.8 
Indicated power (KW) 5.5 7.4 10.7 14.0 15.3 
Mechanical efficiency (%) 0 26.3 48.7 60.7 64.1 
BSFC (gm/Kw.hr) -- 762.8 396.6 332.8 268.9 
ISFC (gm/Kw.hr) 203.9 200.8 193.5 202.2 172.4 
BMEP (Kpa) 0 97.6 260.2 422.9 488.0 
IMEP (Kpa) 273.2 370.8 533.4 696.1 761.2 
Brake thermal efficiency (%) 0 11.2 21.6 25.7 31.8 
Indicated thermal efficiency (%) 42.0 42.6 44.2 42.3 49.7 
A/F ratio 55.5 41.5 29.9 21.9 23.5 
Volumetric efficiency (%) 74.6 74.6 74.6 74.6 74.6 
Exhaust gas loss (%) 12.1 12.2 14.5 15.2 18.8 
Cooling water & unaccounted losses 
(%) 87.8 76.5 63.8 59.0 49.2 

 
Table 5: Readings and results of diesel engine running using a blend of 50% solar and 50%ethylesters of fatty acids. 
Readings 

 1st run 2nd run 3rd run 4th run 5th run 
Inlet water Temp. (OC) 36 36 37 37 38 
Outlet water Temp. (OC) 50 52 58 64 90 
Water Rota-meter reading -0.3 -0.3 -0.3 -0.3 -0.3 
Load (Nm) 0 15 40 65 75 
Speed (rpm) 1250 1250 1250 1250 1250 
Air manometer reading (mmH2O) 6.5 6.5 6.5 6.5 6.5 
Exhaust Temp (OC) 114 141 195 275 321 
Time of fuel consumption {50 Cm3} 
(sec) 155 115 83 54 51 

 
Results: 

 1st run 2nd run 3rd run 4th run 5th run 
Brake power (KW) 0 1.9 5.2 8.5 9.8 
Indicated power (KW) 4.1 6.0 9.3 12.6 13.9 
Mechanical efficiency (%) 0 32.4 56.1 67.5 70.5 
BSFC (gm/Kw.hr) -- 689.9 358.4 339.0 311.1 
ISFC (gm/Kw.hr) 245.2 223.4 201.0 228.8 219.5 
BMEP (Kpa) 0 97.6 260.3 422.9 488.0 
IMEP (Kpa) 203.7 301.3 464.0 626.6 691.7 
Brake thermal efficiency (%) 0 12.4 23.9 25.3 27.5 
Indicated thermal efficiency (%) 203.7 301.3 464.0 626.6 691.7 
A/F ratio 61.9 45.9 33.1 21.6 20.4 
Volumetric efficiency (%) 74.5 74.5 74.5 74.5 74.5 
Exhaust gas loss (%) 14.6 14.2 15.2 14.7 16.5 
Cooling water & unaccounted 
losses (%) 85.3 73.3 60.8 59.9 55.8 

 



2194 
J. Appl. Sci. Res., 9(3): 2188-2195, 2013 

 

 

0

100

200

300

400

500

600

700

800

900

15 40 65 75

Load (Nm)

B
S
F
C

 g
m

/k
W

.h
r

50% Methyl Ester / 50% Solar Solar 50% Ethyl Ester / 50% Solar

 
Fig. 3: Brake Specific Fuel Consumption of the three fuels at different loads. 
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Fig. 4: Brake Thermal Efficiency of the three fuels at different loads. 
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