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ABSTRACT 
 

Biodiesel is a renewable fuel from organic remain such as waste sunflower oil and used 

cooking oil. Biodiesel is acquired through the transesterification of fatty acid methyl esters 

(FAMEs) of waste sunflower oil. In this study, waste sunflower oil was used and it was 

blended with Benzene and Euro diesel which is an additive that reduces the viscosity and 

density of biodiesel, it was blended at different volume of fraction. The effect of thermal 

analysis on the waste sunflower biodiesel properties was experimentally determined. The 

cold flow properties was determined for each blend. The cold flow properties were 

determined according to ASTM D2500, ASTM D6371-05 and ASTM D97 for cloud point 

pour point and cold filter plugging point respectively. The cloud point (CP), the cold filter 

plugging point (CFPP) and the Pour point (PP) were noted as the slope changes on the 

cooling curve.  

Keywords: Waste sunflower biodiesel; cloud point; pour point; thermal analysis;plugging 

point 

 

 

 

 

 

 

 

 

 

 

 
 



 
 

v 
 

ÖZET 
 

Biyodizel, atık ayçiçek yağı ve kullanılmış pişirme yağı gibi organik kalıntılardan 

yenilenebilir bir yakıttır. Biyodizel, atık ayçiçek yağının yağ asidi metil esterlerinin 

(FAME) transesterifikasyonu yoluyla elde edilir. Bu çalışmada atık ayçiçek yağı 

kullanılmış ve biyodizelin viskozitesi ve yoğunluğunu azaltan bir katkı maddesi olan 

Benzene ve Euro dizel ile harmanlanmış, farklı fraksiyonlarda harmanlanmıştır. Termal 

analizlerin atık ayçiçeği biyodizel özellikleri üzerindeki etkisi deneysel olarak 

belirlenmiştir. Her harman için soğuk akış özellikleri belirlenmiştir. Soğuk akış özellikleri, 

sırasıyla bulut nokta akma noktası ve soğuk filtre tıkama noktası için ASTM D2500, 

ASTM D6371-05 ve ASTM D97'ye göre belirlenmiştir. Soğutma eğrisindeki eğim 

değiştikçe, bulut noktası (CP), soğuk filtre tıkama noktası (CFPP) ve Dökme noktası (PP) 

not edildi. 

Anahtar Kelimeler: Atık ayçiçeği biyodizel; bulut noktası; akma noktası; ısı 

analizi;tıkama noktası 
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CHAPTER 1INTRODUCTION 

INTRODUCTION 

 

 

1.1 Energy 

Energy can be defined as that property which when an object is subjected to enables the 

object to perform work or heat the object. It is the capacity of an object to perform work. 

Energy can be classified into two main categories which are renewable and non-renewable 

energy. Non-renewable energy is that category of energy which are limited in existence 

and are not replenishable(Boyle, 2004; Hornby, 1974).They are mostly found beneath the 

earth crust and advanced technological mining is require most times to enable one have 

access to them. They are formed from metamorphosis of organic such as dead animals, 

trees etc. remains over a long period of years. This type of energy sources includes natural 

gas, uranium, petrol diesel, coal etc(Kumar et al., 2010).  

Renewable energy is a form of energy that is got from renewable sources which can be 

replenished over time, these includes biodiesel, biomass, solar energy, geothermal and 

wind (Showstack, 2016). As a result of increase in the world’s population, globalization, 

increased technological equipment and industrialization has put pressure on the utilization 

of energy and its sources. 

Hence, scientist and researches has predicted that most non-renewable fossil fuels will be 

depleted by 2040, therefore it has drawn attention to finding alternative to non-renewable 

form of energy such as solar, geothermal, biodiesel, hydropower, another challenge faced 

by researches towards non-renewable energy is the amount of pollutant emitted to the 

environment by its use, to ease these challenges biodiesel has been found to be an 

alternative to petrol diesel in the transportation sector and beyond(Lee, Park, & Daisho, 

2004; Zou et al. 2016).  
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1.2 Biodiesel 

Biodiesel can be defined as a sustainable mono alkyl esters derived from infinite oil 

bearing sources, such as used cooking oil, animal fat, vegetable oils sunflower oil etc 

through the process of transesterification (Joshi & Pegg, 2007). The transesterification 

process is achieved by reacting monohydric alcohols like methanol and ethanol in the 

presence of alkali catalyst(Narasimharao, Lee, & Wilson, 2007). 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Biodiesel production process (Knothe & Steidley, 2005) 
 

Considering the quest for high speed transportation system and agricultural equipment, 

biodiesel is expeditiously being used in cars, trucks and different kinds of agricultural 

equipments all over the world. For high performance and safety concerns, biodiesel can be 

blended with petrol-diesel at different percentage and can also be used alone in a diesel 

engine with little or no modification(Agarwal & Das, 2001). 

 

When biodiesel is blended with petro-diesel or other fossil fuel a ‘B’ factor framework is 

used today to denote the concentration of the biodiesel in the blend. At different volume 
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fraction when blended with petrol-diesel it is expressed as "BXX" with "XX" representing 

the content of biodiesel concentration in the blend(Blangino, Riveros, & Romano, 2008). 

Biodiesel can be blended in different proportion at different point, it can be blended at the 

point of production before delivery to fuel carrier trucks, it can be also blended by pouring 

specified percent (amount) of petrol diesel to biodiesel, and it can also be blended in the 

transportation pipeline, when transporting biodiesel. As regards the performance and 

quality of biodiesel it advisable that biodiesel should be used within six months from the 

date of production. This is as result of instability of biodiesel which can be attributed to 

exposure to light, heat and water that is instrumental in minimizing the quality of the 

biodiesel. However, the utilization of additives in its storage improves the shelf life 

(Simmons, Loqué, & Ralph, 2010). 

In the study and analysis of biodiesel, there are some pertinent characteristic that must be 

put into consideration, these includes, kinematic viscosity, density, cold flow properties, 

acid number and oxidation stability, these parameters are greatly affected by the storage 

period of the biodiesel sample.  

The use of biodiesel has been proved to be very advantageous and this is as a result of its 

environmental friendliness due to its clean way of burning, uses have expanded to heating 

and cooking.  

1.3 Research Aim 

This study aims to examine the cold flow behavior of biodiesel blend and measure the 

biodiesel properties including cold flow properties in terms of Cloud point (CP), Cold filter 

plugging point (CFPP) and Pour point (PP). 

Moreover, in this study, examine the cold flow behavior of biodiesel blends during 

solidification by employing the computer-aided cooling curve analysis (CA-CCA) 

technique. 

 

1.4 Thesis outline 

Chapter one gives insight about the general aspect of energy, in particular the renewable 

energy in the form of biodiesel. It also explain the topic, the aims and objective are 
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explicitly outlined. Energy in its general form are outlined and the distribution in terms of 

utilization is also outlined. Chapter two gives the general information about past works 

done by other researches on related topic, its provides meticulous details about the 

literature review, the fundamental theorem as related to kinematic viscosity, density and 

the cold flow properties (cloud point PP, Cold fllter plugging point CFPP and pour point). 

Chapter three provides us with information’s regarding the materials and methods used in 

achieving the results obtained in the work. Chapter four focuses on the results obtained 

from the various analysis that was involved in the thesis and chapter five focuses on the 

conclusion and recommendations as regards further work that can be done to enhance this 

work. 
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CHAPTER 2 LITERATURE REVIEW OF BIOFUEL 
LITERATURE REVIEW OF BIOFUEL 

 

 

2.1Biodiesel Properties 

Biodiesel has some basic attributes which must be considered for it to replace fossil fuel, 

these attributes are the kinematic viscosity, density, cetane number, oxidation stability, 

acid number and the cold flow properties (cloud point, cold filter plugging point and pour 

point). Few other factors that needs to be looked into are the functionality of the biodiesel 

when blended with other fossil fuel blend as this will determine if the diesel engine will 

need little or no modification(Aydin, Bayindir, & Ilkilic, 2010) . 

Table 2.1: Properties of Blend of biodiesel with kerosene (Hasan et al. 2016) 

Property 
Blend Range 

Limits 
100:0 95:5 85:15 75:25 65:3 50:50 0.100 

Density Kgm-3 875 868 861 855 849 837 807 815-870 

  Viscosity cSt 4.92 4.84 4.25 3.95 3.45 2.76 1.38 2-May 

Flash Point OC 176 135 105 70 66 62 45 
Min60diesel 

Min100 BD 

Cloud Point OC 4 3 3 1 -2 -4 - Max 18 

Pour Point OC 2 0 -1 -2 -4 -5 -7 Max 18 

 

 

2.2 Literature Review 

For the biodiesel properties ie kinematic viscosity, cold flow properties and density a 

whole lots of approach have been used to predict its properties. Some of the attractive 

attributes are the renewability, clean combustion environmental friendliness and 

biodegradability(Isioma et al. 2013). However, biodiesel drawbacks which have limited its 

use are the cold flow properties, these are the properties which forecast its operability in 
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cold region, these properties gives knowledge on the rate the biodiesel solidify (congeal) in 

a low temperature weather condition which in the long run clog the engine filter (Freire et 

al, 2012). Another drawback is the instability of the biodiesel over long period of 

storage(Castanheira et al. 2014; Shrestha et al. 2005).  

The stability of liquid fuels is being affected by different factors, however scientist have 

carried out theoretical analysis and experiments to why fuel should be of high quality and 

remain stable even after prolong storage period(Biernat, 2015). 

The essential compound of petroleum based fuel are likely to react with atmospheric 

oxygen and other compounds during storage. As a result of chain reaction this in turn 

causes contamination and corrosion to storage tanks and pipeline conveying the products 

and also causes a similar problem of filter plugging in the engine(Eneh, 2011). 

According to Saltas et al., (2017)the impact of aging on the deposit of biodiesel produced 

inside the regular rail Fuel Injection Equipment (FIE). The FAME constituents was 

analysed, the major fuel properties and their rates of degradation. A reference test to assess 

the predisposition of diesel engine fuels to produce deposits was proposed. 

According to Zhou, Xiong, Gong, & Liu (2017)other instrumental systems in collaboration 

with fourier transform spectroscopy (FTIR) was used to investigate the oxidation 

degradation of mixtures of biodiesel. It was found that the TD-DES method displayed 

outstanding forecasting operation for FTIR and TGA in the evaluation of oxidative 

degradation. 

In the production of biodiesel by the transesterification process, the impact of impurities 

created in the biodiesel was investigated according to (Banga & Varshney, 2010)and how 

the impurities can be removed. The impact of elongated storage period on the performance 

of biodiesel is also underscored. 

The result obtained displayed a substantial deviation from the values gotten from national 

metrological institute when pycnometer is used in measuring the density of biodiesel (Lima 

et al., 2010), however, they were still within the operating standards for commercial 

application in Brazil.   
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Blending petrodiesl with biodiesel can be possible to compliment the viscosity values so as 

to aid its use in motor engine. All fuels have the tendency to form crystal when subjected 

to certain low temperature, the increase in viscosity of the biodiesel and the viscosity of the 

blends varies among the biodiesel and petro-diesel depending on their blend proportion 

(Tat & Van Gerpen, 1999). 

Properties of waste frying oil was analyzed for biodiesel got from it and the biodiesel yield 

of 99% was got from it. After the analysis it was observed that the range of standard was 

within the specification and conform to diesel engine operating(Kulkarni & Dalai, 2006). 

2.3 Advantages of biodiesel 

 Biodiesel can be utilized in various diesel engines, mostly newer ones, biodiesel 

present no difficulty in using it; free of Sulphur and aromatics and emits less 

greenhouse gases and air pollutant than nitrogen(Wilson, 2003). 

 Utilization of biodiesel in our daily domestic equipment decreases dependence on 

finite fossil fuel reserve. 

 When biodiesel is blended even as low as B2 to the ratio of 98% in proportion, it is 

observed that the amount of toxic carbon based emission is reduced 

significantly(How, Masjuki, Kalam, & Teoh, 2014). 

 The effectiveness of biodiesel is the same as petro-diesel notwithstanding its 

lubricity benefits that non-renewable energy sources don't have. 

 It has been confirmed scientifically that fumes from biodiesel exhaust is less 

harmful to human health as compared to that of petro-diesel. Hydrocarbons and 

nitrited compounds which causes cancer have a very low level of emission in 

biodiesel. 

 Significant favorable position of using biodiesel is that it can be utilized in 

operating existing diesel engines without or less adjustments and can supplant 

fossil derivative fuel to become the most favored essential transport energy source. 
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2.4Disadvantages of biodiesel 

 Palm oil is one of the best biofuel source in the world, however considering the 

environmental damage done by palm oil. People discovered that palm oil was a 

great material that can be utilized in the production of biofuel, not minding the 

environment issue and drawbacks of producing palm oil because forest was cleared 

and burnt to allow for palm oil plantation by so doing burning fossil fuel and 

thereby defeating the purpose of utilizing biodiesel. 

 One of the major drawback of biodiesel is the cold flow properties, biodiesel gel 

and solidify when operated in cold weather condition, this clog the fuel filter of the 

engine in cold weather thereby making it difficult to pump into the engine, hence 

reducing the efficiency of the engine. Furthermore, this depend on the product the 

biodiesel is produced from and its blends(Monirul et al., 2015). 

 Biodiesel on the average is cleaner than fossil fuel, however it tends to produce 

about 10% more of nitrogen oxide; this in turn contributes to acid rain and 

formation of smog which increase pollution around cities. 

 To fully harness the potential of biofuels, the waste product from our food crops 

should be used for biofuel production or else there will be food shortage as result of 

utilizing consumable crops for biofuel production. 

2.5 The Concept of Viscosity 

In the course of transporting fluid through a pipeline the viscosity (𝜇) is widely utilized. 

Viscosity is the resistance to the flow of fluid experienced in flowabilty of a fluid. It is the 

basic characteristic of fluid which defines the way and manner in which the internal 

friction of integral of the intermolecular forces relates to each other. It is most times 

considered as the thickness of a fluid, that is to say that the thicker the fluid the higher the 

viscosity. Example biodiesel, SAE 40 engine oil, syrups etc. however thin fluid like water 

and acetone have lower viscosity. 

The intermolecular particles of the fluid are held together by internal cohesive force, which 

makes them to be firm and slow in flow. However, when heat is applied the internal 

molecules gain energy and as a result disintegrate the cohesive forces, this action causes 
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the molecular particles to slide over each other gradually and as the temperature increases, 

it becomes rapid making the fluid less viscous. The viscosity of a fluid is directly 

proportional to temperature. Some parameters that depends on viscosity for its 

determination are: 

 Reynolds number 

 Prandlt number 

 

2.6 Types of Viscosity 

There are two main types of viscosity, these are 

 Dynamic Viscosity 

 Kinematic Viscosity 

2.6.1 Dynamic Viscosity 

The dynamic viscosity or shear viscosity of a fluid demonstrate the fluid resistance to flow 

in such fluid the adjacent layer move parallel to each other at a non-identical speed. 

Consider a fluid flowing with a constant speed uthat is confined in a layer between two 

horizontal plates, fixed at one end and free at the other end as shown below. 
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Figure 2.1: The flow of liquid between two plate in parallel 

 

Let the movement of the top plate be infinitesimally small so as it moves parallel to each 

other, the speed of such particles varies linearly from zero at the bottom to u at the top. The 

fluid is made to move in layer and each layer moves faster than the layer below it, this 

generates frictional force between the layers which opposes each other. The movement of 

the top plate generate a force on it which creates an equal and opposite force on the down 

plate. 

To maintain a constant speed on the plate an external force F is applied which is directly 

proportional to the speed u and area Aof each plate,but inversely proportional to the 

separation yof the two plates. That is; 

 

F=µA 
డ௨

డ௬
       (2.1)  

 

Where 

µ is a proportionality factor and is known as the dynamic viscosity. 

డ௨

డ௬
is the rate of shear deformation or shear velocity. 

the viscous force can be expressed by differential equations, as seen in the illustration 

below. 
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Figure 2.2: Illustration of viscous force differential expression 

 

𝜏 =
డ

డ௬
. 𝜇        (2.2) 

  

𝜇 =
𝐹

𝐴
 

 

Consider:  

𝜏 =
ி


  .  

డ

డ௬
  as thevelocity of shear 

2.6.2 Kinematic Viscosity (V) 

Kinematic Viscosity can be defined as the ratio of the dynamic viscosity to the density of a 

substance at the same temperature. Kinematic viscosity is measured in
మ

௦
 

 

𝜈 =
µ


 (2.3) 
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Let: 

νbe the kinematic viscosity, 

𝜌 is the fluid density 

𝜇dynamic viscosity. 

 

2.6.3 Viscosity Measurement 

In the measurement of viscosity different type of viscometer is used, a single measurement 

with a viscometer cannot be used to ascertain the accuracy of the value of the viscosity. 

Hence more parameter is required to accurately ascertain the value of a viscosity for such a 

fluid a rheometer is used to measure the kinematic viscosity (Sahin & Sumnu, 2006). The 

kinematic viscosity of the fluid is acquired by measuring with a stop watch the time taken 

for the fluid to flow freely under through a capillary viscometer from a specified mark to 

another while subtracting the energy correction factor from it and multiplying the value by 

the viscometer constant. There are different types of viscometers, these are: 

 Rotational viscometer 

 Capillary Viscometers (glass capillary being the most common) 

 Orifice viscometer  

 High temperature low shear rate viscometer 

 Vibrational Viscometer 

 Falling Sphere Viscometer 

 Ultrasonic Viscometer 

 Rheometers 

 Bubble Viscometers 

 

2.7 Theory of Capillary Viscometer 

Hagen-Poiseuille law provides us with the pressure drop in an incompressible and 

Newtonian fluid flowing in a hollow pipe of regular cross section in a laminar flow pattern. 
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To ascertain the accuracy of Hagen-Poiseuille equation certain assumptions are made 

which includes: 

 The capillary most is upright with regular cross section to allow for easy flow and 

the diameter shorter than the cross section of the pipe. 

 It must be an incompressible fluid and also Newtonian fluid. 

Consider a completely created laminar fluid flow along a straight vertical pipe of round 

cross section as shown in Figure 2.3. Rotational symmetry is considered to make the fluid 

two-dimensional axisymmetric and let the pivot in the tube of the liquid pariticles be taken 

as the Z-axis(Viswanath, Ghosh, Prasad, Dutt, & Rani, 2007.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3: Diagrammatic illustration of Hagen -poiseuille fluidflow 
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Consider : 

 

𝑣 = 0,  𝑣ఏ = 0,  𝑣௭ ≠ 0,       (2.4) 

 
From continuity equation in cylindrical coordinate 

 
డ௩ೝ

డ
+

డ௩ೝ


+

డ௩

డ௭
= 0      (2.5) 

 

 

For rotational symmetry 

 

ଵ


 .

డ௩ഇ

డఏ
= 0        (2.6) 

డ௩

డ௩
= 0Which means 

 

𝑣௭ = 𝑣௭(𝑟, 𝑡) 

 

Introducing  

 

డ

డఏ
(𝑎𝑛𝑦 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦) = 0, 𝑣ఏ = 0,  𝑣 = 0, and 

డ௩

డ௭
= 0 

 

In obtaining the cylindrical coordinate system in the Z direction according to Navier 

Stokes. 

 

ப୴

డ௧
=  −

ଵ

ఘ
 .

డ

డ௭
+ 𝑣 ቀ

డమ௩

డమ
+

ଵ


 .

డ௩

డ
ቁ In Z direction    (2.7) 

 

The governing equation for a continuous flow can thus be represented   

 

0 0 
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ଵ


+

డమ௩

డమ
 .

డ௩

డ
=

డ

డ௭
 .

ଵ

ఓ
       (2.8) 

 

Solving equations with boundary conditions  

At  

 
𝑟 = 0;  𝑣௭ 𝑖𝑠 𝑓𝑖𝑛𝑖𝑡𝑒 

𝑟 = 𝑅; 𝑣௭ = 0 

 

It can be obtained that  

 

𝑣௭ =
ோమ

ସఓ
ቀ−

డ

డ௭
ቁ ቀ1 −

మ

ோమ
ቁ                        (2.9) 

 

Where  

 

−
డ

డ௭
=

∆


        (2.10) 

 

Let the capillary be parabolic and considering the velocity distribution across it, the 

velocity flow rate (Q) is acquired from the expression below by integrating it. 

 

𝑄 = ∫ 2𝜋
ோ


𝑣௭𝑟𝜕𝑟        (2.11) 

 

Equation 2.9 and 2.10 when substituted into 2.11 (Q) is obtained as  

 

Q = π
ୖర

଼ஜ
ቀ

∆୮


ቁ        (2.12) 

 

Equation 2.12 is called Poiseuille’s equation  

 

𝑄 =
௩

௧
         (2.13) 

 

Let  
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𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑓𝑙𝑜𝑤  𝑏𝑒 𝑄    

𝑣 𝑡𝑜 𝑏𝑒 𝑡ℎ𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑 

𝑡 𝑏𝑒 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 

 

v =
ஜ


         (2.14) 

 

Consider the arrangement to be vertical, its height (h) depends on the hydrostatic pressure.  

 

∆𝑝𝑔ℎ 

If, 

 

𝑣 =
గுோర

଼௩
 . 𝑡        (2.15) 

 

The constant of the viscometer to K 

 

𝐾 =
గுோర

଼௩
        (2.16) 

 
Or  

 

𝐾 =
గுర

ଵଶ଼௩
        (2.17) 

 

Therefore,  

 
𝑣 = 𝑘𝑡        (2.18) 

 

Equation 2.18 has been the bases for the design of many viscometers, from Equation 2.19, 

a known density and viscosity of a liquid is obtained in the calibration of K-value. 

(Viswanath et al., 2007). 

 

𝜇 = 𝐾𝜌𝑡        (2.19) 
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2.8 Kinetic Energy Correction (HC) 

When carrying out the experiment, some errors are bound to occur in measuring the 

viscosity, to fix these error in the experiment the kinetic energy correction factor is 

subtracted from the time taken for the fluid to flow under gravity. 

 

𝑣 = 𝐾(𝑡 − 𝑦)       (2.20) 

 

Where: 𝐾 is theviscometer capillary number constant  

 𝑦 is the kinetic energy correction 

2.9Density 

The density of the biodiesel or any substance is the mass in grams per unit volume (𝑚ଷ) of 

the biodiesel or substance.  

It is expressed mathematically thus, 

 

𝜌 =


௩
         (2.21) 

 

Where:V  is the biodieselvolume  

𝑚 is the biodiesel mass  

𝜌 is the density 

 

2.10 Cold Flow Properties of Biodiesel 

The cold flow properties of biodiesel are the properties of the biodiesel that determines its 

proper functionality or operability in a cold temperature condition or region. This includes  

 Cloud point 

 Pour point  

 Cold filter plugging point 
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However, minimum temperature in which biodiesel can function effectively can be 

increased due to the presence of high level of saturation from animal to vegetable oil 

source. When the biodiesel is allowed in a cold temperature the constituent of the biodiesel 

develops crystal wax. These are some of the important drawback of biodiesel, these crystal 

wax cause the engine to experience start-up problem(Blanco Fonseca et al., 2010). 

2.10.1 Cloud Point (CP) 

The cloud point is one of the important properties of biodiesel that its knowledge needs to 

be sufficient in the use of biodiesel, the cloud point of a biodiesel is temperature at which 

the biodiesel indicates the first crystal like formation in its appearance when subjected to 

cold temperature condition(Ramadhas, 2016). The cloud point measurement was done as 

per (ASTM D2500) standards. 

2.10.2 Pour Point (PP) 

In the study of biodiesel it is observed that after the cloud point is reach, further subjection 

of the biodiesel to low temperature causes a gel formation to develop, at this temperature 

the where the biodiesel can no longer flow (it loses its flow ability) is considered as the 

pour point of the biodiesel. It is lower than the cloud point(Duffield, Shapouri, Graboski, 

McCormick, & Wilson, 1998). The pour point measurement was done as per (ASTM D97-

2005, 2005). 

2.10.3 Cold Filter Plugging Point (CFPP) 

The cold filter plugging point is the minimum temperature at which a biodiesel volume 

flow rate passes through when cold within a specified conditions.It shows the lowest 

temperature that a biodiesel can be used and yield a trouble free flow in the system. After 

this temperature the biodiesel starts to clog the filter due to crystal formation. CFPP is 

often used to indicate the lowest operable temperature of a biodiesel. The cold filter 

plugging point measurement was done as per (ASTM-D6371-05, 2005). 

2.11Thermal Analysis 

Thermal analysis is a concept of materials science where the properties of materials are 

studied as they vary with temperature. Several methods are normally used, which are 
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differentiated from one another by the property which is measured (Paulik, Paulik, & 

Erdey, 1966). 

2.11.1 Newtonian thermal analysis 

The heat flow produced in course of solidification of the biodiesel sample can be displayed 

by the heat of balance equation given below(Kierkus & Sokolowski, 1999). 

 

ௗொ

ௗ௧
− 𝑀𝐶

ௗ்

ௗ௧
= 𝑈𝐴(𝑇 − 𝑇)      (2.25) 

 

Given that: 

M is the mass of the sample,  

𝐶 is the specific heat of the sample  

Tis the sample temperature,  

The time is given by t,  

The overall heat transfer coefficient is given by U, 

And taking A to be the surface area of the sample  

𝑇  To be the temperature of the cooling bath  

The heat produced during freezing is given by Q 

Let us assume that in course of cooling no phase transformation took place 
ௗொ

ௗ௧
= 0. The 

cooling rate of the biodiesel sample can be expressed mathematically thus, 

 

ௗ்

ௗ௧
= −

(்ି బ்)

ெ
= 𝑍ே       (2.26) 

 

In the above equation 𝑍ேis considered as the Zero Curve or simply, the baseline  
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The total latent heat L is mathematically expressed thus, 

 

𝐿 =
ொ

ெ
= 𝐶 ∫ ቂቀ

ௗ்

ௗ௧
ቁ


− 𝑍ேቃ 𝑑𝑡

௧

௧ೞ
     (2.27) 

 

Considering: 

𝑡 and 𝑡௦ as the end and start time for solidification, the cooling curve first derivative can 

be taken to be cc 

The heat produced during freezing of the sample is written thus, 

𝐿 = 𝐶𝑥 (Area between derived cooling curve and zero curve) (2.28) 

 

Equation 2.28 is useful when the 𝐶 of the biofuel is known. The total area inside the rate 

curve and the Newtonian baseline, as a fraction of total area between these two curves, the 

solid quantity att during freezing is found(Evcil, Al-Shanableh, & Savas, 2018) 
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CHAPTER 3MATERIALS AND METHODS 
MATERIALS AND METHODS  

 

 

3.1 Materials  

In this work, feedstock of Waste cooking oil was collected from restaurants and cafes and 

was utilized in the production of biodiesel sample called Waste Cooking Oil Methyl Ester 

(WCOME). In the preparation of the sample Benzene 95, Benzene 98, Euro diesel summer 

and Kerosene from 5-25 in percentage were blended together with WCOME, at a 5% 

interval for each blend making it 20 samples, they were poured in an identical bottle of 

equivalent amount for each sample.The concentrations of these petro-fuel in the blends 

were set as shown below on Table 3.1.  

 

 

Table 3.1:The concentrations of these petro-fuel in the blends 

 

 

3.2 Accessories 

 In achieving the ASTM standards for the biodiesel sample, the following instruments were 

utilized. 

 Funnel 

 Stirrer/Spatula. 

 Measuring cylinder (1000ml) 

No of Sample Fuel Denote Meaning 

1 Pure Biodiesel B100 100% biodiesel 

2 

Benzene 95 

BB510 90% biodiesel 10% Benzene 95 

3 BB5 15 85% biodiesel 15% Benzene 95 

4 BB5 20 80% biodiesel 20% Benzene 95 

5 BB5 25 75% biodiesel 25% Benzene 95 
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 Pipette (10ml) 

 Beaker (2000ml and 5000ml) 

 Storage bottles (750ml) 

 Viscometer holder 

 Vacuum Syringe 

Before the use of the instruments they were properly cleaned with locally prepared 

detergent, the detergent was prepared to contain 70% distilled water, 15% of hydrogen 

peroxide and 15% muriatic acid and the process was finished by rinsing with acetone and 

allowed to dry up. 

Funnel 

The funnel is used for conveying the biodiesel into the bottles and viscometer without 

spilling the product 

 

 

 

Figure 3.1: Funnel 
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Measuring Cylinder (1000ml) 

The measuring cylinder is used to measure the calculated volume of the biodiesel sample 

so it can be poured into the beaker or the bottles. 

 

 

 

Figure 3.2: Measuring Cylinder 

 

 

Beakers  

Beaker is a bowl used for the measurement of the sample and also in most cases it serves 

as the heating bath for the ubbelode capillary viscometer, it also serves as a storage tank 

for the water and the various samples. 
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Figure 3.3: 2000ml Beaker 

 

 

Glass Pipette 

The glass pipette is a device used in measuring and conveying the biodiesel sample into the 
capillary viscometer. 

 

 

 

Figure 3.4: Pipette 
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Viscometer Holder 

The device holds theubbelohde capillary viscometer upright in the beaker and prevent it 

from falling in the cooling or heating bath. 

 

 

 

 

 

 

  

 

 

 

 

Figure 3.5: Viscometer holder 

 

 

Vacuum Syringe 

This is a device use for supping (suction) the biodiesel sample into the viscometer bulb 

during the measurement of the kinematic viscosity. 
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Figure 3.6: Vacuum Syringe 

 

 

3.2Temperature Measurement 

Temperature plays a key role in acquiring the kinematic viscosity and density of the 

biodiesel products. Sometimes in this measurement a slight temperature change causes a 

significant change also in the kinematic viscosity and density of the sample.  

In stabilizing the temperature effect, a thermostat is used in the cooling bath in conjunction 

with mercury thermometer. 

The thermostat plays a key role by putting on and putting off the compressor automatically 

keeping the temperature of the cooling bath stable. 
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Figure 3.7: Thermostat reading 

 

 

 

3.3 Kinematic Viscosity 

The kinematic viscosity which is the internal resistance to flow of the biodiesel sample for 

this experiment was acquire using the Ubbelohde Viscometer ISO 3105/DIN51     

562/Part1/BS188/NFT 60-100, Ref.No.501, 530, 532. The test was done according to 

ASTM D455.  

The test was carried out in two steps  

 Before the cooling of the sample  

 After the cooling of the sample  



 

 

3.3.1 Before Cooling 

The test was carried out before t

done to ascertain the effective functionality of the biodiesel at each temperature. The 

temperature are as follows; 0

done with the accuracy of ±0.1

The kinematic viscosity at 

biodiesel sample with a pipette and pouring it into the 

placed in a cooling bath for 15 to 20minutes for homogeneity in the 

respectively for 0°C, 5°C and 10°C temperature.

viscometer for it to move upward with the help of the suction syringe

capillary viscometer was allowed to flow freely under gravity and the tim

sample to flow from mark M1 to M2 on the capillary viscometer was recorded. The 

process was carried out three times consecutive while taking the average time.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.
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The test was carried out before the cooling of the sample at various temperatures, this was 

done to ascertain the effective functionality of the biodiesel at each temperature. The 

temperature are as follows; 0°C, 5°C, 10°C, 20°C 30°C and 40°C, the measurement was 

±0.1°C. 

The kinematic viscosity at 0°C, 5°C and 10°C was acquired by measuring 20ml of the 

biodiesel sample with a pipette and pouring it into the Ubbelohde capillary Viscometer and  

placed in a cooling bath for 15 to 20minutes for homogeneity in the 

°C and 10°C temperature. the sample was pressurized in the 

viscometer for it to move upward with the help of the suction syringe. The sample in the 

capillary viscometer was allowed to flow freely under gravity and the tim

sample to flow from mark M1 to M2 on the capillary viscometer was recorded. The 

process was carried out three times consecutive while taking the average time.

Figure 3.8: Ubbelohde type 525-10/I 

he cooling of the sample at various temperatures, this was 

done to ascertain the effective functionality of the biodiesel at each temperature. The 

°C, 10°C, 20°C 30°C and 40°C, the measurement was 

°C and 10°C was acquired by measuring 20ml of the 

Ubbelohde capillary Viscometer and  

placed in a cooling bath for 15 to 20minutes for homogeneity in the temperature 

the sample was pressurized in the 

. The sample in the 

capillary viscometer was allowed to flow freely under gravity and the time taken for the 

sample to flow from mark M1 to M2 on the capillary viscometer was recorded. The 

process was carried out three times consecutive while taking the average time. 



 
 

29 
 

After acquiring the average time the kinetic energy correction factor (y) was taken from the 

time and the viscosity constant (K) was used to multiply the remainder according to 

equation 3.1 

 

𝑣 = 𝐾(𝑡 − 𝑦)                          (3.1) 

 

Where: 

The kinematic viscosity (mm2/s) be given as v 

 t is the average time (s) 

 y is the kinetic energy correction factor  

 K is the viscometer constant 

 

For the kinematic viscosity measuring range of 6-30ቌ𝑚𝑚ଶ

𝑠ൗ ቍ,The capillary viscometer 

constant for this experiment was chosen according to the manufacturers catalog as stated in 

Table 3.1 where K = 0.02944. The ubbelohde capillary viscometer utilized in this 

experiment is type (Ic) 

For the temperatures of 20°C 30°C and 40°C a heating bath was utilize in acquiring and 

maintaining the temperature, the heating bath was heated to 20°C and the previous 

procedures was followed, likewise for 30°C and 40°C. 

 

 

Table 3.2:Datasheet for Viscometer Specification 

Type 

No. 

Capillary 

No 

Capillary Dia. 1± 

0.01[mm] 

Constant 

K 

Measuring range 

[mm2/s] 

525 03 0c 0.36 0.002856 0.6 … 3 

525 10 I 0.58 0.00982 02  … 10  

525 13 Ic 0.78 0.02944 06  … 30 

525 20 II 1.03 0.08947 20… 100 
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525 23 IIc  1.36 0.2812 60… 300 

Table 3.3:Datasheet forCorrection of Kinetic Energy for different Viscometers 

Flow Capillary No       

.time 0 0c 0a I Ic Ia I 

40 . − −. −. 1.03 0.45 0.15 0.10 

50 . − −. −. 3.96 0.66 0.29 0.07 

60 − −. − 2.75 0.46 0.20 0.05 

70 −. −. −. 2.02 0.34 0.15 0.04 

80 −. −. 4.78. 1.55 0.26 0.11 0.03 

90 −. −. 3.78 1.22 0.20 0.09 0.02 

100 −. 7.07 3.06 0.99 0.17 0.07 0.02 

110 −. 5.84 2.53 0.82 0.14 0.06 0.01 

120 −. 4.91 2.13 0.69 0.12 0.05 0.01 

130 −. 4.18 1.81 0.59 0.10 0.04 0.01 

140 −. 3.61 1.56 0.51 0.08 0.04 0.01 

150 −. 3.14 1.36 0.44 0.07 0.03 0.01 

160 −. 2.76 1.20 0.39 0.06 0.03 0.01 

170 −. 2.45 1.06 0.34 0.06 0.02 0.01 

180 −. 2.18 0.94 0.30 0.05 0.02 0.01 

190 −. 1.96 0.85 0.28 0.05 0.02 0.01 

200 10.33 1.77 0.77 0.25 0.04 0.02 0.01 

225 8.20 1.40 0.60 0.20 0.03 0.01 0.01 

250 6.64 1.13 0.49 0.16 0.03 0.01 <0.01 

275 5.47 0.93 0.40 0.13 0.02 0.01 <0.01 

300 4.61 0.79 0.34 0.11 0.02 0.01 <0.01 
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Table 3.2: Continue 

Flow  .Capillary No       

.time .0 .0c .0a .I .Ic .Ia .I 

325 3.90 0.66 0.29 0.09 0.02 0.01  

350 3.39 0.58 0.25 0.08 0.01 0.01  

375 2.95 0.50 0.22 0.07 0.01 0.01  

400 2.59 0.44 0.19 0.06 0.01 <0.01  

425 2.30 0.66 0.29 0.09 0.01 <0.01  

450 2.05 0.58 0.25 0.08 0.01 <0.01  

475 1.84 0.50 0.22 0.07 0.01   

500 1.66 0.44 0.19 0.06 0.01   

550 1.37 0.23 0.1 0.03 0.01   

600 1.15 0.20 0.09 0.03 0.01   

650 0.98 0.17 0.07 0.03 <0.01   

700 0.85 0.14 0.06 0.02 <0.01   

750 0.74 0.13 0.05 0.02 <0.01   

800 0.65 0.11 0.05 0.01    

850 0.57 0.10 0.04 0.01    

900 0.51 0.09 0.04 0.01    

950 0.46 0.08 0.03 0.01    

1000 0.42 0.07 0.03 0.01    

 

A The correction seconds stated are related to the respective theoretical constant  
 
B For precision measurement, these flow times should not be applied. Selection of a 
viscometer with a smaller capillary diameter is suggested 
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3.3.2Steps in measuring the kinematic viscosity 

1. Clean all devices, the viscometer and all necessary equipment needed to carry out 

the experiment 

2. The viscometer is then filled with sample at a volume of 20mL 

3. After filling the viscometer, the assembly is then brought into the cooling bath and 

allowed to remain there for at least 15minutes for the sample to attain homogeneity. 

4. When the sample have fully attain homogeneity the suction syringe is then used to 

sup the sample in the viscometer, the airlet (vent hole) is closed while pressure is 

applied from the syringe. 

5. The biodiesel sample is then allowed to flow under gravity from mark M1 to M2 on 

the viscometer. 

6. At mark M1 the stop watch is started and at mark M2 the stop watch is stopped and 

the time taken for the fluid to flow from M1 to M2 is recorded. 

7. The process is repeated three consecutive times and the average result is recorded. 

 
3.4Density Measurement 

The density of the biodiesel sample was acquired using a pycnometer with a bulb of 

99.693mL by volume. The density of the biodiesel sample was acquired and determined by 

the use of this device, the excess fluid and air bubbles is discharge from the glass stopper at 

the top of the pycnometer. 

An electronic weighing balance that is very sensitive is used to measure the combine 

weight of the pycnometer and the fluid at a stipulated temperature before and after cooling 

of the biodiesel sample. 

The density of the sample is obtained by considering the following, a cleaning solution was 

used to clean the pycnometer properly and rinsed with acetone and allowed to dry, and an 

electronic weighing balance was used to measure the weight of the empty pycnometer and 

recorded.  

The pycnometer was then filled with the biodiesel sample and the glass stopper placed on 

top of it to allow for excessive fluid flow and air bubbles to be discharged, the entire 



 

 

assembly was then placed in the temperature controlled cooling bath at the respective 

temperature of 0℃, 5℃, 10

minutes after which the electronic weighing balance was used to determine the mass of the 

sample by measuring it again.

To acquire the actual density of the biodiesel sample, the mass of the empty pycnometer 

was subtracted from the mass of the pycnometer when filled with the sample and the result 

is divided by the volume of the pycnometer as given by Equation 3.2

 

 𝜌 =
൫ெೠିெ൯


 

 

Where:  

ρ  (𝑘𝑔/𝑚ଷ) is the density

 𝑀௨ is the sample filled pycnometer mass (g)

 𝑀௧௬ is the mass of the empty pycnometer (g)

 V be taken as volume of the pycnometer
 
 
 
 
 

Figure 3.9:
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assembly was then placed in the temperature controlled cooling bath at the respective 

, 10℃ and 15℃ and allowed for homogeneity for about 20 

after which the electronic weighing balance was used to determine the mass of the 

sample by measuring it again. 

To acquire the actual density of the biodiesel sample, the mass of the empty pycnometer 

ed from the mass of the pycnometer when filled with the sample and the result 

is divided by the volume of the pycnometer as given by Equation 3.2 

൯
       

is the density 

is the sample filled pycnometer mass (g) 

is the mass of the empty pycnometer (g) 

V be taken as volume of the pycnometer 
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Figure 3.10: Density measurement setup 
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Figure 3.11: Empty pycnometer 

 

3.4.1 Steps in measuring the density of biodiesel sample 

1. The pycnometer and all devices to be used in the experiment are washed and rinsed 

with acetone before carrying out the experiment 

2. The mass of the empty pycnometer is measured and recorded  

3. The pycnometer is then filled with the sample  

4. The temperature of the cooling bath is set to the required temperature 

5. The complete assembly is then placed in the cooling bath and allowed there for 

about 15 to 20 minutes for it to attain homogeneity 

6. After which, the mass of the sample is then measured using the electronic weighing 

balance  

7. The process is repeated three times and the average value from the results obtained 

is recorded.  
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3.5 Cold Flow Properties Measurement 

The cold flow properties were measured according to  

1. American Standard Test Method, ASTM D2500 for cloud point, 

2. ASTM D6371-05 for cold filter plugging point  

3. ASTM D97-2005 for pour point. 

The samples are as follows  

Waste Cooking Oil Methyl Ester (WCOME) biodiesel blended with   

Benzene 95, Benzene 98, Euro diesel summer and Kerosene from 5-25 in percent, with a 

5% interval for each blend making it 20 samples 

The following component parts serves a critical purpose in the setup 

 Cooling bath 

 Data logger  

 Cylinder jacket  

 The test jar 

 Insulators (Styrofoam) 

 Refrigerator units  

 Coolants (Alcohol) 

 Thermostat 

 Thermocouples  

 Compressor system coil 

To measure the cold flow properties the coolant (alcohol) was poured into the cooling bath 

and insulated properly to avoid heat transfer with the surrounding and also to maintain the 

internal temperature of the cooling bath. 

The cooling bath was powered on and the temperature of the cooling bath was brought 

down by the compressor system coil to -17℃, this temperature was regulated by a 

thermostat attached to the refrigerator unit. The thermostat stabilizes the temperature so it 

does not fall below or go above the stipulated temperature. To maintain a homogenous 

temperature in the cooling bath, a stirrer is used to stir the coolant in the cooling bath. 
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A pipette was used to measure 45ml of the biodiesel sample and poured into the test jaw 

and the test jaw placed in a cylinder jacket that was clamped in the middle of the cooling 

bath. A T-type thermocouple was placed in the middle of the cooling bath so as to measure 

the temperature (𝑇) of the coolant. Two thermocouples were further placed in the test jar 

to monitor the temperature of the biodiesel sample in the test jar. One of the thermocouple 

𝑇ଶ was placed 3mm just above the bottom of the test jaw and the second thermocouple 𝑇ଵ 

was placed at a distance of 3.5mm just below the surface of the sample in the test jaw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.12: Thermocouple labelling for cold flow properties 
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From Figure 3.15, the thermocouple labelled 𝑇ଵ  is used to measure the temperature at 

which the cloud point (CP) occur when the temperature of the biodiesel sample start 

dropping and the second thermocouple 𝑇ଶ keeps record of the temperature when the 

sample can no longer be poured, that is the pour point (PP). 

This process is achieved by periodically inspecting the sample as the temperature decreases 

until for the cloud point, a first crystal wax formation is seen at the bottom of the test jar 

the cooling bath was allowed to continue to the point the biodiesel sample became solid 

wax and could no longer be poured as a result of gel formation, the temperature at this 

point is the pour point and the thermocouple 𝑇ଶdisplays it on the computer and was 

recorded to be the pour point of the biodiesel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13: Glass of test 
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3.6Cooling Curve 

Considering the cooling curve analysis, -20OC was set on the digital control unit and 

allowed so as to bring down the temperature of the cooling bath to the required level. 

While waiting for the cooling bath to attain the desired temperature, 45ml of the sample 

was measured into the test jaw and the kinematic viscosity was measured at 0, 5, 10, 20, 

30, 40℃ and density at 0, 5, 10, 15℃ was measured, this was done to ascertain the cooling 

effects on the biodiesel sample. In measuring the density for this, a smaller pycnometer of 

25ml by volume was used. 

After some hours when the cooling bath have attain the required temperature of -17°C, the 

number of thermocouple utilized in the measurement of the temperature of the biodiesel 

sample in the test jar summed up to threeT-type thermocouples as shown in Figure 3.19. 

The thermocouples𝑇ଵ, 𝑇ଶ and 𝑇ଷwere placed at an equivalent distance from each other at 

the midpoint of the sample in the test jar.  

However, before the collection of the data the 45ml of the biodiesel sample was heated to 

about 67°C keeping the temperature of the cooling bath constant at -17°C, the entire 

assembly of the heated biodiesel sample in the test jaw was then inserted into the cylinder 

jacket and kept in the cooling bath. From the software user interface (UI) the data logger 

displayed the temperature of the thermocouples. the computer was used in storing the 

various reading at an interval of one second using the data logger as shown below in Figure 

3.16. 

 

 

 

 

 

 

 

Figure 3.14:Data logger reading 
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Thesample was allowed in the cooling bath of -17°C for four hours, the setup was allowed 

without interruption and the data collected was taken for analysis using the Newtonian 

thermal analysis theorem. This analysis could be achieved using MATLAB or 

MICROSOFT EXCEL software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.15: Thermocouple labelling for cooling curve 
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CHAPTER 4RESULTS AND DISCUSSIONS 
RESULTS AND DISCUSSIONS 

 

 

4.1 Kinematic viscosity of Biodiesel-Fuel Blends 

The results of kinematic viscosity for the studied mixtures in this work are shown in 

Figures 4.1 and 4.2. The experimental data (kinematic viscosity data)of biodiesel blends 

are compared with (ASTM D455-69 1995.)values. It is found that all experimental data of 

Eurodiesel-biodiesel blends are within the range of MATM D 455 (1.9 - 6 mm2/s at 40℃) 

as shown in Figure 4.1. Moreover, It is noticed that kinematic viscosity of Benzene 95 with 

biodiesel blends content higher than 60 vol% fulfill biodiesel standard requirement. In 

addition, it is noticed that the kinematic visocsity increases with the increase of volume 

fraction of biosdiesel.  

 

 

Figure 4.1: Measured kinematic viscosity values of Euro diesel-biodiesel blends at 40oC 
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Figure 4.2: Measured kinematic viscosity values of Benzene 95-biodiesel blends at 40oC 

 

 

 

4.2 Density of Biodiesel-Fuel Blends 

Figures 4.3 and 4.4 show the density values at 15℃ for different biodiesel blends with two 

different fuels at different percentage of volume factions of biodiesel. It is observed that if 

the experimental results of biodiesel fuel blends with Euro diesel compared with 

specification diesel fuel standard range between 800 and 880 kg/m3 overall density results 

meet the minimum and maximum standard or specification requirements of diesel fuel.  

Moreover, it is noticed that when volume fraction of Benzene 95 increased in the mixture 

of blend, the density of the mixture decreases. . Moreover, the density of Benzene 95-

Biodiesel with biodiesel content higher than 70 vol% fulfill biodiesel standard 

requirements.   
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Figure 4.3: Measured density values of Euro diesel-biodiesel blends at 15oC 

 

 

 

 

 

Figure 4.4: Measured density values of Benzene 95-biodiesel blends at 15oC 
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4.3 Cold flow Properties of Biodiesel-Fuel Blends 

Based on the results of kinematic viscosity and density of biodiesel-fuel blends, the cold 

flow properties in terms of CP (Cloud Point) and PP (Pour Point) of blends were measured 

manually for some selected specific volume as shown in Table 4.1. It is observed that CP 

and PP get regularly increase as increasing volume fraction of biodiesel.  Also, it is noticed 

that addition of Benzene 95 can reduce the cold flow properties of biodiesel. 

 

 

 

Table 4.1: Cloud Point and Pour Point of biodiesel blends 

 

 

 

 

Biodiesel-Euro diesel blends 

No: Volume fraction of blend CP PP 

1 20% Biodiesel + 80% Euro diesel -1.675 -3.159 

2 50% Biodiesel +50% Euro diesel 2.66 -1.34 

3 80% Biodiesel +20% Euro diesel 7.7 3.08 

4 90% Biodiesel +10% Euro diesel 9.9 4.84 

5 100% Biodiesel + 0% Euro diesel 11 7 

Biodiesel-Benzene 95 blends 

No: Volume fraction of blend CP PP 

1 80% Biodiesel +20% Benzene 95 2 -4.50 

2 85% Biodiesel +15% Benzene 95 2.75 -2.45 

3 90% Biodiesel +10% Benzene 95 3.5 0 

4 95% Biodiesel +5% Benzene 95 7 4.65 

5 100% Biodiesel +0% Benzene 95 11 7 
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4.4 Thermal analysis of Biodiesel-Euro Diesel Blends 

The cooling curve of biodiesel-Euro diesel blends , T vs t, and dT/dt vs t curves were 

plotted and are shown in Figures 4.1-4.5. The cooling bath temperature is also shown in the 

same figures. The average cooling bath temperature was fixed at −20°C with a minimum 

of −17 °C and a maximum of −19.5 °C.It is observed that, the value of CP and PP from 

cooling curve and observation data (Table 4.1) are almost equals. 

 

 

 

 

Figure 4.5: Cooling curve analysis of B100 
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Figure 4.6: Cooling curve analysis of 90B10 

 

 

 

 

 

 

 

 

Figure 4.7: Cooling curve analysis of B85B15 
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Figure 4.8: Cooling curve analysis of B80B20 

 

 

 

 

 

 

Figure 4.9: Cooling curve analysis of all biodiesel-Euro diesel blends 
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4.5 Thermal analysis of Biodiesel-Benzene 95 Blends 

The cooling curve of biodiesel-Benzene 95 blends , T vs t, and dT/dt vs t curves were 

plotted and are shown in Figures 4.6-4.9. The cooling bath temperature is also shown in the 

same figures. The average cooling bath temperature was fixed at −20°C with a minimum 

of −17 °C and a maximum of −19.5 °C.It is observed that, the value of CP and PP from 

cooling curve and observation data (Table 4.1) are almost equals. 

 

 

 

 

Figure 4.10: Cooling curve analysis of B80B20 

 

 

 

 

 

 

 

 

 

-0,10
-0,09
-0,08
-0,07
-0,06
-0,05
-0,04
-0,03
-0,02
-0,01
0,00
0,01
0,02

-25,0
-15,0

-5,0
5,0

15,0
25,0
35,0
45,0
55,0
65,0
75,0

0 2000 4000 6000 8000 10000
dT

/tT

t

B80B20 Cooling bath Cooling curve (B80B20)



 
 

49 
 

 

Figure 4.11: Cooling curve analysis of B85B15 

 

 

 

 

 

 

 

 

Figure 4.12: Cooling curve analysis of B90B10 
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Figure 4.13: Cooling curve analysis of all biodiesel-Benzene blends 
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CHAPTER 5CONCLUSIONS AND RECOMMENDATION 
CONCLUSIONS AND RECOMMENDATION  

 

 

Biodiesel is increasingly becoming an alternative fuel for diesel engines because biodiesel 

use reduces the consumption of petroleum; thus, engine gas emissions are environmentally 

safer, also ,biodiesel is a renewable fuel from organic remain such as waste sunflower oil 

and used cooking oil.  

This research aimed to critically to examine the cold flow behavior of biodiesel blend and 

measure the biodiesel properties including cold flow properties in terms of Cloud point 

(CP), Cold filter plugging point (CFPP) and Pour point (PP). Moreover, in this study, 

examine the cold flow behavior of biodiesel blends during solidification by employing the 

computer-aided cooling curve analysis (CA-CCA) technique. 

 

5.1 Conclusion 

The effect of thermal analysis on the waste sunflower biodiesel properties was 

experimentally determined. The cold flow properties were determined for each blend. The 

cold flow properties were determined according to (ASTM D2500, 2014), (ASTM D6371, 

2005) and (ASTM D97-2005, 2005) for cloud point pour point and cold filter plugging 

point respectively. The cloud point (CP), the cold filter plugging point (CFPP) and the 

Pour point (PP) were noted as the slope changes on the cooling curve.  

The researcher concluded that: 

 All experimental data of Eurodiesel-biodiesel blends are within the range of 

MATM D 455 (1.9 - 6 mm2/s at 40Cº), moreover, It is noticed that kinematic 

viscosity of Benzene 95 with biodiesel blends content higher than 60 vol% fulfill 

biodiesel standard requirement and the kinematic visocsity increases with the 

increase of volume fraction of biosdiesel.  

 Regarding the density of biodiesel-fuel blends, It is observed that if the 

experimental results of biodiesel fuel blends with Euro diesel compared with 
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specification diesel fuel standard range between 800 and 880 kg/m3 overall density 

results meet the minimum and maximum standard or specification requirements of 

diesel fuel.  Moreover, it is noticed that when volume fraction of Benzene 95 

increased in the mixture of blend, the density of the mixture decreases. 

 The research has also shown that cloud point (CP) and Pour point (PP) get regularly 

increase as increasing volume fraction of biodiesel.  Also, it is noticed that addition 

of Benzene 95 can reduce the cold flow properties of biodiesel. 

 The investigation of thermal analysis of biodiesel-euro diesel blends has shown that 

the average cooling bath temperature was fixed at −20°C with a minimum of −17 

°C and a maximum of −19.5 °C. 

5.2 Recommendations 

The success of the work has led to more questions than not. The researcher deemed it 

necessary to recommend the following 

 To store the same samples in a constant temperature of 10 Cº to study how it will 

perform in regions with similar conditions. 

 To study further mixtures of the blend, up to B50 K50 at the same conditions. 

 This is because of the successful use of kerosene as a blending additive. 

 To study the Fourier Thermal Analysis for the same samples. 
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