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Abstract                                                        
Biodiesel is a non-toxic, renewable and 

biodegradable alternative fuel and this can be used 
without any engine modifications. Biodiesel can be used 
as fuel in the form of purest form to the vehicle; it can 
be used as diesel additive to reduce particulates like 
Carbon monoxide and Hydrocarbons.  The purpose of 
this project is to investigate the effect of Bio fuel 
produced from non-edible oils on engine performance 
and emissions.  Biodiesel was prepared from non-edible 
oil such as SIMAROUBA OIL by Tran’s esterification 
method. After Tran’s esterification process, the 
properties of Simarouba oil biodiesel and Diesel was 
compared. From this comparison, it is observed that 
properties of Simarouba oil Biodiesel are better than 
the raw oils. Tests were carried out on 4- S CI Diesel 
engine without any modification in the fuel injection 
system. From the results, it is observed that the 
Simarouba oil Biodiesel performance results 
comparable to Diesel fuel. Also Biodiesel fuel results in 
significant reductions in carbon monoxide and unburnt 
hydrocarbons. Using of this non-edible oil as an 
alternative fuel will be a good substitute for Diesel oil 
and will conserve India’s foreign exchange. 

Keywords: Simarouba oil, Transesterification 
process, Titration, Flash point. 

 

 

Nomenclature 
D Cylinder bore, mm                                                
L Stroke length, mm                                                  
R Water density, kg/m3                                                
g Acceleration due to gravity, m/sec2                             
CV Calorific value of diesel, KJ/kg                                  
ρ f Diesel density, Kg/lit                                                  
ρa Air density, kg/m3                                                      
   

Abbreviations 
CO          Carbon numeric   
CI            Compression Ignition Engine 
PM          Particulate matter 

PAH  Polycyclic Aromatic Hydrocarbons 
BP Brake Power  
BSFC Brake Specific Fuel Consumption 
ISFC       Indicated Specific Fuel Consumption 
IP            Indicated Power 
 
 

1. INTRODUCTION 
Bio diesel can be obtained from oils and fats are 

used for Trans-esterification process. In general term, 
biodiesel is the product we get when a animal fat or 
vegetable oil is chemically reacted with an alcohol it is 
to produce a new compound  known as a fatty acid alkyl 
ester. A catalyst used such as potassium or sodium 
hydroxide is required. Glycerol is produced as a by-
product. 

Bio diesel fuels are oxygenated organic compounds 
methyl or ethyl esters derived from a variety of 
renewable sources such as vegetable oil, animal fat and 
cooking oil. 

 

 

2. MAKING OF BIO-DIESEL FROM 
SIMAROUBA OIL 

This process carries series of steps to extract bio 
diesel from simarouba oil. Following are the steps 
carried out they are Filtering, Removing of H2O, Basic 
titration, Test batches, preparing the potassium meth 
oxide, heating and mixing, Settling and separation, 
Glycerine, Soap residue, Washing and drying 

 Requirements: 

         Apparatus 

• Magnetic stirrer 
• Filter cloth 
• Glass container of 1 litre capacity 
• 500 ml glass beaker 
• 1000 ml measuring flask 
• Heater 
• Weight measuring device 
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         Materials used 

• Simarouba oil 
• Methanol (CH3OH) 
• Potassium Hydroxide (KOH) 

                 Procedure: 

• Filter the simarouba oil to remove any 
impurities if present. 

• Heat the simarouba oil to remove any water 

content (optional). 

• Conduct basic titration in order to determine 

the amount of KOH to be added. 

• Preparing Potassium Methoxide. 

• Heat the simarouba oil, mix potassium 

methoxide while stirring. 

• Allow the mixture to settle, and then remove 

the glycerine formed. 

 Filtering: 

Filtering is the process of extracting solid 
particles from oil. Its better to heat the oil a bit 
to make it run freely, 35 0C should be enough. 
A double layer of cheese cloth in a funnel is 
used to filter. 

 Removing the H2O: 

Heat up the oil first to eliminate any 
water substance since if water is present it 
may alter the reaction process and cause 
saponification (soap formation). Less the 
water present in oil better the reaction takes 
place. Raise the temperature to 100 0C, so the 
water if present gets boiled. Stir it properly 
using stirrer to avoid formation of pockets of 
stem below the oil. When boiling slows, 
increases the temperature to 130 0C for about 
10 min. Take out the heat and allow cooling. 
Standard oil source needs no heating, in such 
case no need of it because boiling takes extra 
energy and time. 

 Basic titration: 

Dissolve little amount of 1 gm of KOH 
in 1 litre of distil water or else use de-ionised 
water i.e. 0.1% KOH soln. Phenolphthalein 
solution is used to get a stopping point. Use a 
small container to mix 1 ml of distilled water 
oil in 10 ml of pure isopropyl alcohol. Slowly 
heat the container smoothly placing it in hot 
water; properly mix till the oil dissolves in 
alcohol solution and mix the oil to convert it 
to a clear solution. Addition of 2 drops of 
phenolphthalein soln, using the burette, and 
add 0.1percent KOH solution slowly one drop 
at a time to the oil and alcohol mixture with 
phenolphthalein solution, properly mixing 

continuously, till the solution turns to pink 
(magenta) for about few seconds. Collect 
some few drops in ml of 0.1percent KOH soln 
we used and attach 5.0. This is the solution 
added to per litres of oil. 

 Test batches: 

At the beginning process, it is better to 
use KOH solution on a 1 litre batch. This act 
very well and there is no need of heating the 
oil more. Begin the process by adding small 
amount of KOH and 200 ml of methanol. 
Containers are dried properly before use. 
Forming of an exothermal potassium meth 
oxide and polar molecule is going heat the 
vessel. Mix the solution until all the KOH has 
been properly mixed. Potassium meth oxide 
solution is prepared, which is added to a 1 
litre of oil. If the titration result is not 
applicable as per the standards then it’s better 
to use few drops of KOH solution per litres of 
oil. Small batches require 15 to 20 minutes of 
run for separation before switch off. The 
settling process takes sometime to complete. 
It is good to do few test batches with different 
quantity of KOH solution obtained, so with 
the results obtained one can apply the exact 
amount of KOH to be added. The obtained 
result can be a troublesome, if the added 
quantity of KOH is more than the required, 
thus it can be of no use. At the same time, if 
the amount of KOH used is less than as per 
the reaction, it can be altered with mixing the 
oil with glycerine and bio diesel. If water 
content is more in the oil it will form soap and 
glycerine layer can be formed, like a fourth 
level in the container. Thus the new layer 
formed is difficult to separate from the 
glycerine and oil layers. 

 Preparing the potassium meth oxide: 

As per the standards, it is sufficient use 
the methanol 20% of the Simarouba oil by 
mass. It is applicable to use 20% of methanol 
as the densities of these two liquids are 
relatively same in nature. By measuring both 
these liquids with half-litre in weight, one can 
be assured through calculating the 20% of that 
mass. While transferring 100 litres of 
simarouba oil, 20 litres of methanol is 
required. The potassium meth oxide is created 
through exothermic reaction in a solution by 
mixing methanol with the KOH. Various 
safety measures can be taken like keeping the 
utensils dry, handling potassium methoxide 
with extreme caution and lastly not to inhale 
any vapours. If any potassium methoxide gets 
splashed on skin, immediately wash the area 
with lots of water. KOH reacts with 
aluminium, tin and zinc. Use glass, enamel or 
steel containers while working with KOH. 
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 Heating and mixing:         

        Pre-heat Simarouba oil 45-500C. A magnetic 
stirrer is used for the purpose of stirring and 
mixing. To obtain the required mixture, the 
stirrer’s pitch or the speed can be adjusted. 
After some time, the potassium methoxide can 
be added while stirring, continue stirring for 
about an hour or two hours. Finally, in about 
50 min’s,the complete reaction takes place, 
few more minutes is preferred for better 
results. The process of transesterification 
results in separation of the glycerine from 
methyl esters. As the separation of both the 
methanol’s CH3 from ester chains and OH 
from the KOH takes place, glycerine 
stabilizes. 

 Settling and separation: 

 Generally, the solution takes atleast eight to 
ten hours for settling and cooling, At the top, 
floating of the methyl esters(biodiesel) takes 
place and denser glycerine will be settled on 
the bottom of the container forming hard 
gelatinous mass. Both the semi-liquid 
glycerine and the biodiesel colour can be dark 
brown and honey-coloured respectively. It’s 
better to separate the contents if the 
appearance of biodiesel’s light coloured takes 
place. After sometime, if the glycerine is 
solidified it is relatively easy to retrieve any 
stayed biodiesel. Later we can reheat the 
container just enough to liquefy the glycerine 
again. Then decant it out to get the bio diesel. 

 

 Glycerine: 

Usually at lower temperatures, Glycerine 
extracted from fresh oil remains in liquid state 
with brown colour and if the temperature 
drops below 38 deg C, it turns to a solid state. 
Reclaimed glycerine is a composted after 
being vent for 3weeks to allow remaining 
methanol to evaporate off some methanol 
content 

The excess methanol content can be 
evaporated from the reclaimed glycerine by 
relieving it for about three weeks and the 
residual methanol can be re-used, it can be 
recovered by using a condenser. Lastly, a  Bio 
Gas methane digester can be used as another 
way for disposing the glycerine, and turn it 
into a usable methane gas. 

 

 

 

 

 

 

 Soap residue: 

Residual soap material can be suspended 
in the biodiesel and it is mainly due to the any 
left out water that comes in contact with K+ 
ions from the KOH, creating the methanol 
bonds from ester chains. Generally, if there is 
an appearance of more soap than it is mainly 
due to the reaction of KOH with water before 
with the oil. It can be resolved before it 
appears, by boiling excess water. So, keeping 
the vessels dry can be an important step, if 
KOH comes in contact and there is better way 
to clean by removing ester from glycerine 
with the help of little soap on a summer days 
rather on a winter days. 

 At this stage, the bio diesel can be of 
importance to the vehicle’s fuel tanks. It’s 
better to allow majority of residual soap to 
settle for a period of 2 days before using the 
biodiesel as a fuel by passing it into a 
filtration system. To get rid away from this, 
the other way can be removing soaps through 
washing with water. It’s usually preferred to 
add small quantity of diluted acetic to wash 
biodiesel at the first time before using the 
water. Thus the solution’s PH value 
drastically reduced to neutral with the addition 
of acetic acid, as it removes any suspended 
KOH in the biodiesel. The simple method to 
wash is to use a PVC container by setting a 
valve 100mm from bottom. Until it is halfway 
between the valve and the bottom of 
container, fill the water and the next is to add 
the biodiesel to be cleaned. To separate oil 
and the water, it’s better to leave the container 
to settle for a period of 12-24 hrs, the cleaned 
oil can be extracted through the valve and at 
the bottom dense soap water can be drained. 
Further washing can be done through the 
water. At last, the product obtained must have 
a PH of 7 and it can be tested with the help of 
litmus paper or using digital PH tester. 
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Table 1 

Obtained diesel values 

 

 

Figure 1 

 
 

 

 

Figure 2 

 
 

 

 

 

 

3. CONCLUSION 
Based on the engine test conducted, it can be 

concluded that SIMAROUBA OIL as a bio diesel can 
be used for the existing conventional Diesel engines as 
an alternate fuel without involving any the system’s 
hardware modifications.  

 

The process called Esterification involves, changes 
in the molecular structure of the Simarouba oil 
molecules, thus it gradually brings down the levels of 
viscosity and unsaturation of Simarouba oil. The 
viscosity of vegetable oils reduces substantially after 
esterification. The SOME’s density and viscosity is 
formed after esterification is found to be close to the 
petroleum, diesel oil. The flash point of simarouba oil is 
relatively higher than the diesel oil. The 20% bio diesel 
blend also demonstrate comparatively higher flash point 
than the diesel oil and was in range of safe fuel. The 

 

 

cetane number of diesel oil obtained through this 
method is typically 50, but cetane number of simarouba 
was found to be 52.This improvement is largely due to 
the blending of about 20% simarouba with diesel the 
calorific value of simarouba was found to be slightly 
lower than diesel oil. Thus, all these tests carried out for 
the characterization of biodiesel illustrates that the 
important properties of biodiesel coincides with 
petroleum diesel oil. 

 

 

 

 

Sl. 

No. 

Torque 

in N-m 

Speed 

in rpm 

Mass 

flow rate of air 

ma 

m3/hr 

Mass flow 

rate of fuel 

mf in kg/hr 

Mass flow 

rate of water 

mw 

Temperature in Degree 

T1 T2 T3 T4 T5 

1 0.6 1522 15.3 0.3 37.8 26.4 35.3 35.4 38.3 27.3 

2 5.84 1510 14.7 0.48 37.6 26.1 36.9 36.5 44.9 27.6 

3 11.69 1490 14.47 0.66 37.6 26.5 39.8 39.5 47.3 27.8 

4 17.54 1465 14.1 0.84 37.6 26.6 42.3 42.2 51.5 28.4 
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