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Abstract: Petroleum reserves in the world are depleting with each passing day leaving us in an uncertain future. In recent 
years, biodiesel has come up as a promising sign in the field of alternative energy resource. Biodiesel is a biofuel and 
biofuels do have the problem of storage stability. Biodiesel undergoes decomposition whenever it comes in contact with the 
surrounding environment such as sun light, moisture, humidity, contaminants etc. These factors cause precipitation in 
biodiesel which may result engine fouling upon use as a fuel. This study is aimed to observe the storage stability behavior of 
citrus maxima over a period of time upon storage in a closed environment. Storage stability of biodiesel is measured based 
on tests of acid value, peroxide value and viscosity of the fuel at regular interval of time. Anti-oxidant such as TBHQ can 
suppress the oxidation.  In this present study TBHQ effect on storage stability of citrus maxima biodiesel has been studied. 
 
Index terms: Citrus Maxima, biodiesel, acid value, peroxide value, kinematic viscosity, anti-oxidant 
Abbreviations:TBHQ_Tert Butyl Hydro Quinone, ASTM_American Standard for Testing Material, NaOH_Sodium 
Hydroxide, KOH_Potassium Hydroxide 
  
I. INTRODUCTION 
 
Bio-diesel refers to a non-petroleum-based diesel fuel 
consisting of short chain alkyl (methyl or ethyl) 
esters, made by transesterification of vegetable oil or 
animal fat (tallow) (Peterson et al., 1991;Williamson 
and Badr, 1998; Ma and Hanna,1999; Muniyappaet 
al., 1996, Mathiyazhagan et al. , 2011, Balaji et 
al.2013), which can be used (alone, or blended with 
conventional petro diesel) in unmodified diesel-
engine vehicles(Vincente et al., 1998; Uzun et al., 
2014). Biodiesel is distinguished from the straight 
vegetable oil (SVO) used (alone, or blended) as fuels 
in some converted diesel vehicles. Biodiesel is 
considered as naturally oxygenated at about 9-10 % 
of oxygen components (Lkiliç et al., 2010; Balaji et 
al., 2013) and clean fuel. Recent researches on this 
regard have proved that biodiesel does not contribute 
to net increase of carbon monoxide (CO), carbon 
dioxide (CO2), other hydrocarbons (HC) and sulphur 
dioxide (SO2) (Ranjan et al., 2010;Canakci and Van 
Gerpen, 2003;Karaosmanoglu, 1999; Canakci et 
al.,2006). Due to its organic origin, storage of 
biodiesel is a concern. Upon storage, biodiesel come 
in contact with contamination, sunlight, moisture, 
humidity etc. which expedites oxidation reactions in 
biodiesel giving rise to problem of sedimentation, 
precipitation, color change and deterioration of 
quality of biodiesel. This type of degraded biodiesel 
is unfit to use in modern engines as it can cease 
engine by clogging fuel injection and multiple other 
failure. Therefore, it is necessary to understand the 
storage stability of biodiesel so that even quality can 
be maintained all the time. In recent years, 
researchers are trying to assess the storage stability of 
biodiesel based on peroxide value, acid value and 

viscosity of the fuel. In the present study, biodiesel is 
made from citrus maxima seed oil (Robab tenga seed 
oil) and its storage stability in terms of peroxide 
value, viscosity and acid value is being observed.  
 
II. MATERIALS AND METHODS:  
 
The experimental study is carried out in Dibrugarh 
University, Assam. Citrus maxima seed oil is the raw 
material for biodiesel production. The citrus maxima 
seeds are collected locally from Dibrugarh, Assam, 
India. The citrus maxima seeds have soft kernels 
which need to be removed before oil extraction. After 
removing the kernels, the seeds are crushed by a 
mechanical oil expeller. 1 kg seeds yield around 400 
ml of vegetable oil.  

 
2.1 Biodiesel Production 
Citrus maxima seed oil is converted to methyl ester or 
biodiesel via transesterification process. Generally, 
transesterification reaction requires 3 mol of 
methanol for one mol of triglycerides to three mol of 
fatty acid ester and one mol of glycerol 
(Yunhintaufiq-yap et al., 2011).  In the 
transesterification process, citrus maxima seed oil 
was reacted with methyl alcohol in the presence of 
catalyst (KOH) to produce methyl esters and glycerol 
which is a byproduct. 200 ml of methyl alcohol is 
mixed with 14.5 gm of KOH to form a potassium 
meth oxide solution.   Then this solution of sodium 
meth oxide is mixed with citrus maxima oil (1000 
ml). The mixture is held at temperature of 60°C for 
90 minutes with constant agitation speed of 300 rpm. 
The mixture was allowed to cool and settle in a 
separating flask for 12 hours. Two layers were 
formed in the separating flask; bottom layer of 
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glycerol and upper layer of biodiesel. On calculation 
it was found that 800ml of biodiesel was obtained 
from 1litre of citrus maxima seed oil. 
 
III. STORAGE STABILITY OF BIODIESEL 
 
The chemical stability of biodiesel fuel determines 
how long it can safely be stored and how it might 
break down when exposed to extreme conditions. The 
shelf life of biodiesel is the determining factor for its 
use. The problem of biodiesel deterioration during 
storage is expected to be more severe than for 
commercial petroleum based diesel because of the 
double bonds and certain functional groups present in 
the molecule of biodiesel. Chemically, biodiesel is an 
ester molecule and more prone to be hydrolyzed to 
alcohol and acid in the presence of air or oxygen. The 
presence of alcohol will lead to reduction in flash 
point and the presence of acid will increase the acid 
number. When biodiesel run bad, there are some 
measurable effects, for example, acid number  
increases as the fatty acid breaks down into shorter 
chain acids, the kinematic viscosity increases as the 
fatty acids polymerizes and clump together, the 
peroxide value increases as free radicals oxidize into 
peroxide and hydro peroxide, and finally the 
sediments increases as the polymerization increases. 
This makes the fuel unsuitable for use in an ignition 
engine. In our research we have checked about the 
storage and stability of the prepared biodiesel in  light 
conditions by adding Tert-Butyl Hydro Quinone as an 
antioxidant and recorded the behavior of various 
samples.  
 
3.1. Acid Value: 
It is the mass of potassium hydroxide (KOH) in 
milligrams that is required to neutralize one gram of 
chemical substance. The acid number is a measure of 
the amount of carboxylic acid groups in a chemical 
compound, such as a fatty acid, or in a mixture of 
compounds.  
 
3.2 Peroxide Value 
Peroxide Value is one of the most widely used tests 
for oxidative rancidity in oils and fats, peroxide value 
is a measure of the concentration of peroxides and 
hydro peroxides formed in the initial stages of lipid 
oxidation. Milli equivalents of peroxide per kg of fat 
are measured by titration with iodide ion. Peroxide 
will be changed due to air, light, high temperature 
and material storage areas.  
 
3.3 Determination of viscosity 
Viscosity is defined as the measure of resistance to 
flow of a liquid due to internal friction of one part of 
a fluid moving over another. Viscosity affects the 
atomization of a fuel upon injection into the 
combustion chamber and as the viscosity becomes 
higher, the tendency for incomplete combustion and 
in consequence, choking becomes greater. For this 

reason, viscosity is an important consideration for 
biodiesels.  
 
IV. RESULTS AND DISCUSSIONS 
 
4.1 Acid Value 
The acid value gives idea about the level of residual 
mineral acid, residual free fatty acid and organic 
acids as a result of oxidative deterioration of biodiesel 
over a certain storage period. The acid number 
increases as the fatty acid breaks down into shorter 
chain acids during oxidation.  High acid value in the 
fuel should be avoided since it may result in severe 
corrosion in the fuel supply system of the engine. 
 

 
Figure 1: Acid Value V/S Time 

 
Figure 1: Shows the variation of acid number of 
citrus maxima biodiesel with respect to time. It is 
seen that acid number gradually increasing with time. 
Increasing acid value is representing that the 
biodiesel is going through oxidation reactions.  
 
4.2 Peroxide Value 
 

 
Figure 2: Peroxide Value V/S Time 
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The peroxide value measures the presence and 
amount of unstable hydro peroxide which is a portion 
of deteriorated biodiesel formed when oxygen from 
the air react with fatty esters  , in other words it 
measures how much oxygen is incorporated with 
biodiesel’s chemical make up as oxygenated fatty 
compounds. 
 
Figure 2:Shows how peroxide value changes with 
time in days. From the figure it is seen that peroxide 
value is increasing with increasing time representing 
oxidative degradation of biodiesel sample 
 
4.3 Viscosity 
Viscosity is an important fuel property since it 
indicates the ability of a material of flow and 
therefore affects the operation of fuel injection 
especially at low temperatures. The fuel’s behavior 
changes with temperatures. Partially or fully 
solidified fuel may result in blockage in engine 
thereby causing fuel starvation and eventually result 
in problems related to engine operations. 
 

 
Figure 3: Viscosity V/S Time 

 
Figure 3 represents the variation of kinematic 
viscosity of citrus maxima biodiesel over a period of 
time. It is observed that viscosity is increasing 
gradually with time. This represents oxidative 
reactions in biodiesel sample. 

CONCLUSION 
 
In this study, citrus maxima seed oil biodiesel is 
prepared. Storage stability of fuel is measured in 
terms of acid value, peroxide value and viscosity. 
Citrus maxima seed oil biodiesel is kept in open 
environment condition. It is observed that the 
biodiesel sample has showed sharp increase in acid 
value, peroxide value and viscosity in the beginning. 
This is due to direct contact of sunlight and oxygen 
from surrounding air; expediting the oxidative 
reactions of the fuel sample. This gives us the idea of 
particular degradation pattern followed by citrus 
maxima seed oil biodiesel. Henceforth, by the 
application of antioxidants it is seen that several 
biodiesel samples have started suppressing the fuel 
degradation gradually after a fixed interval of time.   
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