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Abstract  

The rheology and empirical models for predicting viscosity, density, cloud and pour point of lard biodiesel and 

its blend with diesel fuel as a function of temperature and biodiesel content was determined. Lard biodiesel was 

blended with conventional petro diesel in a conical flask using splash blending method with continuous stirring 

to ensure uniform mixing. Biodiesel was blended with the diesel fuel at a volume basis of 5, 10, 20, 40, and 60% 

and analyzed at temperatures of 30, 40, 60, 80, and 100
o
C. Thermodynamic free energies of activation for flow 

(∆Gvis) for the fuel samples were determined. From the results, density and viscosity of the blends decreased 

with increase in temperature while these properties increased with increase of biodiesel content in the fuel blend. 

The cloud and the pour point of the blend increased as the biodiesel content increased. The empirical models of 

the flow properties as a function of temperature and biodiesel content showed a linear relationship for density, 

while viscosity, pour and cloud points were better fitted to empirical second order polynomial model and the 

values obtained were in good agreement with the experiments hence, assists ignition engine manufacturers to 

optimize performance, economy and emissions.  

__________________________________________________________________________________________ 
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INTRODUCTION 

Petroleum derived fuels have been the major source 

of energy globally while its replacement to secure 

future energy supplies continues to be a major 

concern as the source is finite and at the current rate 

of consumption emanating from the global population 

explosion, will get depleted in the near future. This 

has necessitated the research for an alternative and 

renewable energy sources. A viable alternative is 

biodiesel. Biodiesel is produced by transesterification 

of vegetable oils, animal fats and used frying oils that 

comprise mainly of triglycerides. The 

transesterification is done with monohydric alcohols 

like methanol and ethanol in the presence of an alkali 

catalyst (Knothe et al., 2005; Mittelbach et al., 2004). 

Methanol has been mostly used to produce biodiesel 

as it is least expensive alcohol. Biodiesel can be 

termed as Fatty Acid Methyl Esters (FAME) 

(Knothe, 2005). An essential feature of biodiesel is 

that its fatty acid composition corresponds to that of 

parent oil or fat. 

 

Animal oil has very high viscosity and as such cannot 

be used as direct replacement fuel in existing diesel 

fuels. A number of ways exists which could be used 

to reduce the viscosity of animal oil. One of the most 

common methods used to reduce oil viscosity is 

called transesterification which results in the 

production of a fuel comprised of mono- alkyl esters 

of long chain fatty acids called biodiesel. Biodiesel is 

the most widely accepted alternative fuel for diesel 

engines due to its technical, environmental and 

strategic advantages and does not require the 

modification of the existing engine in any form. The 

advantages of biodiesel over petrodiesel are reduction 

of global warming gas emissions, particulate matter, 

hydrocarbons, carbon monoxide and other air toxics 

(Rudolph et al., 2004; Canaski et al., 2003). Biodiesel 

improves lubricity and reduces premature wearing of 

fuel pumps. Also, the lubricity of petrodiesel 

increases on addition to biodiesel (Dermibas, 2005). 

It has the potential to relieve the non-crude oil 

producing countries from their dependence on foreign 

crude oil. 

 

The environmental credentials of biodiesel are 

renewability, reduced toxicity, biodegradability and 

clean combustion behavior (Ma et al., 1999). In 

addition, it is completely miscible with petroleum 

diesel, allowing the blending of these two fuels in any 

proportion (Benjumea et al., 2008).  One of the 

disadvantages of biodiesel is its unfavorable cold 

flow properties as it begins to gel at low temperatures 

which can clog filters or even become so thick that it 

cannot be pumped from the fuel tank to the engine 

(US Department of Energy, 2004). Biodiesel 

produced from animal fat or vegetable oil, generally 

has higher density, higher viscosity, higher cloud 

point, higher cetane number, lower volatility and 

heating value compared to petrodiesel (Oner and 

Altun, 2009). There could also be greater emissions 

of some oxygenated hydrocarbons, higher specific 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(3): 149- 160 

© Scholarlink Research Institute Journals, 2016 (ISSN: 2141-7016) 

jeteas.scholarlinkresearch.com 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(3):149- 160 (ISSN: 2141-7016)  

150 

 

fuel consumption and decrease in brake thermal 

efficiency (Sudhir et al., 2007; Rao et al., 2008). 

 

Engine manufacturers have raised concerns about 

these drawbacks as they may affect the engine 

performance and emissions since the engines were 

originally optimized with petrodiesel (Yuan et al., 

2004). However, the fuel properties of biodiesel must 

satisfy the minimum rheological, cold flow, and other 

stipulated properties according to ASTM D-6751 and 

EN 14214 specifications in USA and Europe before it 

could be used in the existing diesel engines without 

any modifications. It is important to know the basic 

properties of biodiesel-diesel blends as some of these 

properties are required as input data for predictive 

and diagnostic engine combustion models. Although 

biodiesel is miscible with petrodiesel in any 

proportion, not all the blend proportions may be used 

in diesel engines (Enweremadu et al., 2011). The 

engine manufacturers association (EMA) stated that 

biodiesel blends up to 5% should not cause engine 

and fuel system problems (EMA, 2003). So often 

biodiesel is used as blend B20 (20 vol. % biodiesel) 

rather than using B100 (100 vol. % biodiesel) 

because it can be used in nearly all diesel equipment 

and are compatible with most storage and distribution 

equipment but if the full benefits of biodiesel as a 

renewable and air toxic free fuel are to be realized, it 

must be used in a greater proportion. 

 

Density and viscosity are the parameters required by 

biodiesel and diesel fuel standards because they are 

key flow properties of fuel for diesel engines 

(Alptekin and Canacki, 2008). Density directly 

affects the engine performance characteristics, and it 

is used as a precursor for a number of other fuel 

properties such as heating value and viscosity (Yuan 

et al., 2009). Diesel fuel injection systems measure 

the fuel by volume, so the changes in the fuel density 

will influence engine output power due to a different 

mass of fuel injected (Alptekin and Canakci, 2008).  

Viscosity is an important property regarding fuel 

atomization, as well as fuel distribution. High 

viscosity causes poor fuel atomization during the 

spray, increases the engine deposits, needs more 

energy to pump the fuel and wears fuel pump 

elements and injectors (Kinast, 2003). The density 

and viscosity of the fuels affects the start of injection, 

the injection pressure and the fuels spray 

characteristics, so that they influence the engine 

performance, combustion and exhaust emissions. 

Analysis of these results can be carried out when the 

key flow fuel properties of biodiesel-diesel fuel 

blends are known. Several properties including cold 

flow properties such as cloud point (CP) and pour 

point (PP) directly depend on fatty acid composition 

of biodiesel. The CP and PP depend on level of 

saturation and unsaturation of fatty acid methyl esters 

(FAME). For different saturated FAME, CP and PP 

depend on chain length and for unsaturated FAME; it 

depends on degree of unsaturation, orientation of 

double bonds (Soriano et al., 2005; Knothe, 2005). 

Generally, CP and PP of biodiesel are higher than 

those of petrodiesel but could be decreased by 

blending with petrodiesel (Tyson, 2001). 

 

Empirical study on the performance and emissions of 

a diesel engine are very complex, time consuming 

and expensive, especially when studies are done on 

biodiesel and its different blends as it is used in 

unmodified diesel engines. Empirical model approach 

use experimental data to make flow models and the 

correlated parameters are dimensionless. 

 

Although, biodiesel can be used in existing diesel 

engines without modification of the engine in any 

form, the main problem remains the high costs of 

engine experiments and emission tests in optimizing 

performance, economy and emissions in the 

laboratory which could be time consuming. Also 

implication inherent in engine use, storage, handling 

and safety makes it imperative to direct focus on 

general understanding of the rheology of some basic 

properties and empirical models to assist engine 

manufacturers. 

 

Various techniques and empirical models have been 

developed for measuring and predicting the density, 

viscosity, pour and cloud points of pure biodiesel and 

its blend with diesel (Yuan et al., 2005). Predictive 

modeling is the process by which a model is created 

or chosen to try to predict the probability of an 

outcome (Geisser, 1993). Unknown values of a 

discrete variable are predicted based on known values 

of one or more continuous and/or discrete variables. 

Models could be linear, polynomial, nonlinear 

regression equations etc. Models are of great 

significance due to its ability to predict the 

performance of internal combustion engines and 

emissions under varying conditions thereby 

eliminating high costs of engine experiments and 

emission tests.  

 

In general, using models offer a promising outlook in 

the estimation of the flow properties of biodiesel and 

its blend with diesel resulting to saving energy, costs 

and time as laboratory tests are time consuming and 

costly.    

 

This work is to establish the relation between the 

rheological parameters of lard biodiesel and its blend 

as a function of temperature and biodiesel content 

and also to determine the efficiency of the empirical 

model in predicting the flow properties compared 

with the experimental values. 

 

MATERIALS AND METHODS 

Materials 

Methanol (CH3OH, 99.8% purity) and potassium 

hydroxide were bought from Conraws company ltd., 
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Enugu and of analytical grade, unless otherwise 

stated. Mixed pork lard was obtained from new 

market in Enugu and was rendered according to the 

method of Alptekin et al., (2011) and Dias et al., 

(2008). The pork lard was rendered using dry-

rendering method by subjecting it to heating in a pan 

without the presence of water at 110
o
C for 1h (under 

atmospheric pressure to avoid any degradation) to 

remove water, the waxy, and other suspended and 

residual matters. Melted fat was then filtered to 

remove the insoluble materials (such as meat and 

bone particles) known as cracklings. The processed 

pork fat was stored in air tight opaque plastic jars to 

prevent oxidation. The lard oil was characterized to 

determine the acid value, specific gravity, viscosity, 

water content, saponification and iodine values so as 

to ascertain the appropriate pretreatment method to be 

used for the oil before used for the reaction. 

 

EXPERIMENTAL METHODS 

Transesterification Procedure 

 A batch reactor of 500ml capacity equipped with a 

reflux condenser and magnetic stirrer was charged 

with the desired amount of oil (100ml) heated to 65
o
C 

in a water bath with agitation. 1.25% of catalyst 

(potassium hydroxide) was then thoroughly mixed in 

6:1 molar ratio of methanol to oil till it dissolved 

completely to give potassium methoxide. The 

potassium methoxide was added to the reactor and 

the reaction timed immediately after the addition of 

the potassium methoxide. The temperature of the 

system was maintained at 65
o
C + 2

o
C throughout the 

40 mins of the reaction. It was transferred into 

separating funnel and allowed to settle for an hour. 

Two distinct layers were observed; a thick brown 

layer (glycerol) at the bottom and a yellowish colour 

layer constituting the upper layer (biodiesel) 

(Demirabas, 2005). FAME layer (Biodiesel) was then 

washed and dried. Biodiesel was water washed with 

distilled water to remove unreacted catalyst, 

methanol and residual glycerol and heated slightly to 

remove any residual water in it. 

The percentage yield was taken.  

% Yield =  

Weight of Fatty Acid Methyl Ester   X 100    (1) 

 Weight of Oil used 

 

Characterization of the lard biodiesel, and 

commercial petrodiesel 

Standard procedures were used to characterize the  

lard biodiesel and petrodiesel; acid value (A.V), 

viscosity(µ), specific gravity(S.G), saponification 

value(S.V), iodine value(I.V), cetane number(C.N), 

higher heating value (HHV), flash, cloud and pour 

points of the biodiesel. The determined fuel 

properties were compared with the ASTM standards 

for fuel. Most of the properties analyzed determine 

the efficiency of a fuel for diesel engines. There are 

other aspects or characteristics which do not have a 

direct bearing on the performance, but are important 

for reasons such as environment impact etc. 

 

Blend Preparation and Rheological Properties of 

Lard Biodiesel, Petrodiesel and their Blends 

Splash bending technique was used which entails 

adding biodiesel on top of diesel fuel for making 

biodiesel blends. Rheological properties of the lard 

biodiesel, diesel fuel and their blends were 

determined by investigating the effects of 

temperature on density and viscosity in addition to 

the effects of biodiesel fraction on viscosity, density, 

pour and cloud points by blending the pork lard 

biodiesel with petro-diesel in a conical flask with 

continuous stirring to ensure uniform mixing. 

Biodiesel was blended with the petrol-diesel at a 

volume basis of 5, 10, 20, 40, and 60% and analyzed 

at temperatures of 30, 40, 60, 80 and 100
0
C. 

 

Variation of Density with Temperature and 

Biodiesel Content for Lard Biodiesel, Petro-Diesel                                             

and Lard Biodiesel- Diesel Blend 

The lard biodiesel produced in this study and petrol- 

diesel purchased from Conoil were used. Biodiesel 

was blended with the petrol-diesel in a conical flask 

with continuous stirring to ensure uniform mixing. 

The biodiesel was blended with the diesel fuel at a 

volume base of 5, 10, 20, 40 and 60%. Density bottle 

was used to measure the density of the pure pork lard 

biodiesel, diesel fuel, and biodiesel-diesel blends. 

The measurements were taken at 30
o
C, 40

o
C, 60

o
C, 

80
o
C, 100

o
C. 

 

The measured density of biodiesel and their blends 

with Petrol-diesel were correlated as the function of 

temperature, equation (2) and biodiesel fraction 

Equation (3) respectively using the linear square 

method enabled by polymath
®
 6.1 professional 

version. The linear regression equations formulated 

are as follows: 

 ρ = a1 (T) + ao                                       (2) 

Where T is the temperature (
o
C), ρ is the density 

(kg/m
3
), a1 and a0 are correlation  

coefficients 

 

ρ = a1 x + ao                                    (3) 

 

Where ρ is the density (kg/m
3
), a1 and a0 are 

coefficients and x is biodiesel fraction. 

 

The calculated values for the lard biodiesel and its 

blends were done using equation (3) and compared 

with measured values. The results were recorded and 

are used to determine the applicability of the blending 

rule to the tested biodiesel fuel according to (Yuan et 

al., 2004). 
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Variation of Viscosity with Temperature and 

Biodiesel Content For Lard Biodiesel, Diesel Fuel 

and Biodiesel – Diesel Blends 

Viscosity was determined using Brookfield method 

which utilizes a rotary viscometer. Viscosities of pure 

biodiesel, diesel fuel, and biodiesel-diesel blends 

were measured at 40
o
C, 60

o
C, 80

o
C, 100

o
C 

respectively. Polymath
®
 6.1 professional version was 

used to correlate the experimental data. For viscosity 

as a function of biodiesel fraction, the experimental 

data was correlated by empirical second-degree 

equation (4) and the Arrhenius-type 

equation/logarithm equation (5) respectively stated 

below as a linear equation does not fit the data well. 

η = Ax
2
 + Bx + C                                               (4) 

Where A, B, C are coefficients, x is biodiesel 

fraction. 

 

The Grunberg-Nissan mixing rule equation uses mole 

fraction and absolute viscosity, but in this study, the 

volume fraction and kinematic viscosity were used as 

experiment showed that the estimated values were 

close to the measured values, hence equation (5) 

which is the Arrhenius- 

type equation was used.  

ln ηB = VLB . ln ηLB + VD . ln ηD               (5) 

 

Where ηB, ηLB, ηD are the viscosities of the blend, lard 

biodiesel and diesel respectively (mm
2
/s), and VLB, VD 

are the volume fraction of lard biodiesel and diesel 

respectively. 

 

The equations (4) and (5) stated above were used to 

predict the viscosities of biodiesel-diesel fuel blends 

without needing viscosity measurements. The 

viscosities of the blend calculated from the two 

equations were validated by using the measured 

viscosities.  

 

The variations of kinematic viscosity and dynamic 

viscosity with temperature were also calculated using 

Andrade equations/exponential equations (7) and (8) 

respectively. 

                                                                 

Linearizing equation (6) gives; 

 

ln η  = A + B/T + C/T
2
      -                            (7) 

Polynomial regression                                            

Where η, T, A, B, C are the kinematic viscosity 

(mm
2
/s), Temperature (

o
C) and constants 

respectively. 

 

µ = A. exp. ( B )                                               (8)           

                     T  

Linearizing equation (8) gives; 

 

ln µ = ln A + (B)               -    Linear regression (9)              

         T 

Where A and B are Andrade constants; µ = dynamic 

viscosity; T = absolute temperature (K). 

Generalized equations, Arrhenius equations, Andrade 

model for predicting the density and viscosity of the 

blend were used to fit the experimental data of the 

flow properties obtained using polymath® 6.1 

professional version. 

 

Variation of Pour and Cloud Points with Biodiesel 

Content for Lard Biodiesel, Diesel Fuel and 

Biodiesel-Diesel Blends 

The pour point which is the temperature at which the 

fuel can no longer pour due to gel formation was 

measured according to ASTM D97 with pour point 

apparatus while the cloud point is the temperature at 

which a cloud of wax crystals first appear in a liquid 

when it is cooled under controlled conditions during a 

standard test (ASTM D2500). The measurements of 

the pour and cloud points have been correlated as 

function of blend by empirical second order 

polynomial equations. A regression analysis of the 

data was carried out using POLYMATH
®
 6.1.  

 

Mixing Rules 

Mixing rules were used for estimating the basic 

properties of blends as a function of pure fuel 

properties and biodiesel content. The suitability of 

these rules was evaluated by means of the absolute 

average deviation (AAD) and maximum average 

deviation (MAD), and calculated as;   

          NP                             

AAD = 100 ∑      ФEXP – ФCAL        (10) 

 N   i=1      ФEXP   

 

MAD = max 100   ФEXP – ФCAL    (11) 

                      ФEXP   

Where NP is the number of experimental points, Ф is 

the property to be predicted and the subscripts are 

Exp for experimental and CAL for calculated. 

 

Thermodynamic Free Energies of Activation for 

Flow (ΔGvis) 

The Andrade equation (8) for the fuel samples was 

compared with Eyring equation (12), to have a 

glimpse on the thermodynamics of the fuels’ flow 

(Okafor,E.C., 2004). 

Recall equation (8);    

 

Where A and B are Andrade constants; ΔGvis = free 

energy of activation of flow 

µ = dynamic viscosity; T = absolute temperature (K); 

R = universal gas constant (8.314J.mol
-1

). 

 

By comparison, the parameter ΔGvis for each fuel 

sample was estimated from the expression; 

 

 Therefore, ΔGvis  = BR                                        (13) 
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RESULTS AND DISCUSSION 

Results of Characterization of Lard Biodiesel and Diesel Fuel 

Table 1 Fuel properties of lard methyl ester using ASTM methods. 

Properties                          Units             Lard biodiesel   ASTM limits Diesel fuel 

Acid value             MgKOH/g oil          0.28    0.50 max  - 

Free fatty acid    %      0.14      -   -  

Specific gravity@30
o
C        -        0.8732           0.86 – 0.90   0.8251 

Viscosity@40
o
C                          mm

2
/s           4.63     1.9 – 6.0     2.83 

Flash Point               
o
C      135         130 min   53   

Cloud Point               
o
C

      
    +9    -3 to 12   +9 

Pour Point               
o
C       +6    -15 to 10   +6 

 

The physico chemical properties of the lard biodiesel 

were found to fall within the ASTM limits hence; the 

produced biodiesel is suitable for use either as a 

blend or direct replacement of the diesel fuel. 

 

Effect of Temperature on Density of Biodiesel, 

Diesel Fuel, Biodiesel-Diesel Blend 

The results of the experiment carried out by 

measuring the densities of the fuels at five different 

temperatures in order to analyze the effect of 

temperature on density of the pure fuels and their 

blends, were further plotted as shown in Figure 1.   
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Figure 1: Variation of density of lard biodiesel-diesel 

fuel blends with temperature 

 

 

The measured density as a function of temperature 

for pure fuels and their blends represented in Figure 1 

shows that petroleum diesel has a lower density than 

biodiesels. The densities of the blends lie between the 

values of pure biodiesel and diesel fuel. It was also 

observed that density of the pure fuels and their 

blends decreased with increase in temperature. The 

points in the graph show the measured values while 

the lines are linear least square regression lines. In the 

temperature range studied, the regression lines 

closely follow the measured data resulting to absence 

of qualitative differences in the behavior of the 

different blends.  

 

 

 

 

 

Effect of Temperature on Viscosity of Pork lard 

biodiesel, Diesel fuel and Biodiesel-Diesel Blend 
The results of the experiments to determine the effect 

of temperature on viscosity of pure fuels and their  

blends were tabulated and the values plotted as 

represented in Figure 2. The measurements indicate 

that all the fuels have the same qualitative q behavior 

and that the actual viscosity of biodiesel depends on 

the fatty acid composition of the oil or fat from which 

it is made as the values obtained from this study 

(4.63mm
2
/s) deviated slightly from the viscosity 

results from soybean oil (4.50mm
2
/s), Palm oil 

(4.42mm
2
/s), Jatropha (4.8mm

2
/s) by Gui et 

al.,(2008) and shear butter (4.42mm
2
/s) reported by  

Enweremadu et al.,(2011). The viscosity of 

petroleum diesel was found to be less than that of lard 

Biodiesel. 

0

2

4

6

20 30 40 50 60 70 80 90 100

V
is

co
si

ty
 (

m
m

2
/s

)

Temperature (deg C)

D

B5

B10

B20

B40

B60

 
Figure 2: Variation of kinematic viscosity of lard biodiesel-diesel fuel blends with temperature 
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Figure 2 shows the viscosity-temperature curve for 

the pure fuel and several blends. As can be seen in 

this figure, the viscosities of the blends lie between 

the viscosities of pure biodiesel and diesel fuel. The 

viscosities of the pure fuels and their blends were 

also noticed to decrease with increase in temperature 

and as such the curves show a similar trend for 

temperature variation. The curves are seen to be 

almost identical with increase in diesel content. This 

could be ascribed to the fact that the viscosity of the 

blends is much closer to the viscosity of diesel than  

lard biodiesel. The constants (A, B, C) and the 

regression coefficients (R2) for each regression curve 

are also shown in the Figure. The variation of 

viscosity with temperature was also analyzed using 

the Andrade equation  (µ = A exp.
B/T

) and showed in 

figure 3. The rheological tests carried out showed that 

the viscosities of the fuels and their blends decreased 

with increase in temperature. Variation of the 

viscosity with temperature was exponential. 
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Figure 3: Log of Kinematic viscosity (lnv) versus inverse of temperature (1/T (K) 

 

Figure 3 also showed that variation of the viscosity 

with temperature was exponential. The exponential 

equation also fitted the experimental data well from 

the regression coefficients of above 0.90 observed 

from the regression lines. 

 

 

The Andrade parameters in Table 2 were obtained 

from the data analyses in the linear regression lines in 

figure 3 or from the use of the Andrade linear 

regression equation on the kinematic viscosity  

experimental data values obtained with 

polymath
®
6.1professional version. 

Table 2: Andrade parameters of the fuels’ samples 
Fuel  A  B  Linear Andrade Equation (ln µ=lnA +B ) 

                      T 

DF  3.82*10-2  767.1  ln µ = 767.1 – 1.4180 

                       T 
B5  2.52*10-1  767.8  ln µ = 767.8 – 1.3770 

                       T 

B10  2.50*10-1  780.5  ln µ = 780.5 – 1.3861 
        T 

B20  2.40*10-1  810.3  ln µ = 810.3 – 1.4262 

        T  
B40  2.23*10-1  864.8  ln µ = 864.8 – 1.5021 

        T 

B60  1.93*10-1  937.0  ln µ = 937.0 – 1.6456 
        T 

B100  2.06*10-1  962.0  ln µ = 962.0 – 1.5789 

       T 

Effect of Biodiesel Content on Density 

The variation in blend density with biodiesel content is shown in figure 4. 
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Figure 4: Variation of density of lard biodiesel-diesel fuel blends with biodiesel content. 
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The points in the graph denote the measured values 

and the calculated values as a line from regression 

analysis. The densities of the blends from 5 to 20% 

biodiesel show points which are close to each other 

but seen to widen with increase in biodiesel content 

above 20%. The density of the fuel blend increases 

with the increase in the amount of biodiesel in the 

blend. 

 

 

Effect of Biodiesel Content on Viscosity 

Figure 5 shows the effect of biodiesel content on the 

viscosity of the blends. As can be seen in this figure, 

the viscosity does not change mostly for the blends 

up to 20% biodiesel as shown by the points which are 

closely related. The viscosities of the blends were 

observed to increase as the biodiesel contents in the 

fuel mixtures increase. 
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Figure 5: Variation of kinematic viscosity of lard biodiesel-diesel fuel blends with biodiesel content

 

 

Effect of Biodiesel Content on Cloud and Pour 

Points 

The measured cloud and pour points of the pure fuels 

and biodiesel blends are presented in Figure 6 which  

 

shows that the pour point is always lower than the 

cloud point. Cloud points and the pour points of the 

blend increased as the biodiesel concentration 

increases. 
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Figure 6: Variation of cloud and pour points with biodiesel content 

 

The results of suitability of the mixing rules 

evaluated by means of the absolute average deviation 

(AAD) and maximum average deviation (MAD) for  

 

density and viscosity, cloud and pour points are 

presented in tables 3 and 4 respectively. 

 

 

 

Table 3: Prediction errors of lard biodiesel- diesel fuel blend for density and viscosity 

 
Fuel                  Density                       Viscosity 

AAD (%) MAD (%) AAD (%) MAD (%) 

B100 

B60 

B40 

B20 

B10 

B5 

D 

0.00047 

0.000048 
0.001 

0.0002 

0.0022 
0.0050 

0.000 

0.002 

0.000239 
0.0051 

0.000099 

0.01 
0.024 

0.000 

0.0014 

0.0013 
0.000084 

0.00023 

0.000 
0.000 

0.000 

0.007 

0.0067 
0.00042 

0.0012 

0.000 
0.000 

0.000 

 

The prediction errors of lard biodiesel as indicated by 

AAD and MAD are presented in tables 3 and 4. The 

MAD obtained using the selected mixing rule for  

 

estimating the blend density and viscosity are 0.024% 

and 0.007% respectively. The MAD of 0.53 and 

0.72% were obtained for cloud and pour points  
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respectively. The prediction errors indicated by AAD 

and MAD are very small for all the tested fuels. The 

low values obtained for the AAD and MAD shows 

that the mixing rules were suitable for predicting the 

basic flow properties of lard biodiesel-diesel blends 

as a function of biodiesel content. 

 

 

Table 4: Prediction errors of lard biodiesel- diesel fuel blend for cloud and pour points 

 
Fuel                  Cloud Point                       Pour Point 

AAD (%) MAD (%) AAD (%) MAD (%) 

B100 

B60 

B40 

B20 

B10 

B5 

D 

0.009 
0.036 

0.021 

0.027 
0.010 

0.031 

0.076 

0.060 
0.250 

0.148 

0.189 
0.073 

0.215 

0.531 

0.025 
0.103 

0.058 

0.058 
0.035 

0.011 

0.060 

0.179 
0.724 

0.408 

0.406 
0.244 

0.074 

0.422 

 

Empirical Models of the flow properties of lard 

biodiesel and their blends with diesel fuel as a 

function of temperature and biodiesel content 

The equations obtained from regression analysis with 

polymath 6.1 using the measured values of the flow  

 

properties, were used to estimate the dependence of 

viscosity, density, cloud and pour points of the 

biodiesel blends on biodiesel fraction and 

temperature respectively are shown in table 5. 

 

Table 5: Flow properties of lard biodiesel-diesel blend & their respective model equations 

Flow Property     Model Equation   
Density       ρ = a0 + a1(T)                   Linear regression equation 

                  ρ = ao + a1x                                Linear regression equation 

Viscosity                 ln η = A + B/T + C/T
2 
                  Second order polynomial equation 

                  µ = A exp.
B/T

                     Exponential equation 

                  η = a0 + a1x + a2x
2 
                              Second order polynomial equation 

                  ln ηB = VLB. ln η LB + VD. ln ηD           Logarithm equation 

Cloud point                 Tcp = ao+a1x+a2x
2 
                              Second order polynomial equation 

Pour point                 Tpp = ao+a1x+a2x
2 
                               Second order polynomial equation                   

  

Adequacy of the Model Tested 

Density correlation models 

 

 

Table 6: Linear regression constants, regression coefficients and statistics for the density of the fuels 
 

Fuel 

 
Linear regression ρ = a0 + a1(T) 

ao a1 R2 R2adj RMSD Variance             

B100 

B60 

B40 

B20 

B10 

B5 

D 

893.7799 

874.772 
874.6555 

874.9381 

872.3573 
872.7598 

863.6079 

-0.54225 

-0.62890 
-0.8234 

-1.01497 

-1.04963 
-1.10451 

-1.28335 

0.999984 

0.99981 
0.999985 

0.999998 

0.99989 
0.99999 

0.99999 

0.999979 

0.99975 
0.999981 

0.999972 

0.99986 
0.99999 

0.99999 

0.024740 

0.099609 
0.035980 

0.016730 

0.121250 
0.006980 

0.011153 

0.00510 

0.08268 
0.01079 

0.00233 

0.12250 
0.000406 

0.001037 

ao ,a1 = Constants; T=Temperature; RMSD=Root 

mean square deviation; R
2
= Correlation coefficients. 

The results of the measured density of biodiesel and 

their blends with diesel fuel correlated as a function 

of temperature and biodiesel fraction fitted by means 

of statistical regressions are presented in table 6 and 7 

respectively. 

 

 

Table 7: The measured and calculated density value of lard biodiesel-diesel fuel blends@40
o
C using; ρ = ao + 

a1x 
 

 Fuel 

 

Measured 

 

Calculated 

 

    ao 

 

a1 

 

R2 

 

Absolute Error 

 

Error (%) 

B60 850 849.8  0.2055 0.02 

B40 841.7 842.0  0.3281 0.04 

B20  834.3 834.26 826.5      0.3883       0.9994 0.0382 0.005 

B10 830.3 830.4  0.0786 0.009 

B5 828.6 828.4  0.1630 0.02 

ao, a1 are regression constants; x=biodiesel fraction. 
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Table 6 represents the density correlation model as a 

function of temperature. It can be seen from the table 

that the regression coefficients (R
2
) is greater than 

0.99 in all cases indicating that the linear least 

regression model; ρ = a0 + a1(T) represents very 

closely the density-temperature relationship for the 

fuels tested. The variance and Root mean square 

deviation (RMSD) values shown in the table are also 

very small, further supporting the statement above as 

a model with smaller variance and RMSD represents 

the data more accurately than a model with larger 

values of these indicators. 

 

Table 7 represents the density correlation model as a 

function of biodiesel fraction. The maximum  

 

percentage error obtained between the measured and 

calculated density values is 0.07%. The regression 

coefficient (R
2
) is 0.9969 which signifies that the 

measured and the calculated values are in very good 

agreement and that the linear regression model; ρ = ao 

+ a1x represents very closely the density-biodiesel 

fraction relationship for the fuels tested. 

 

Viscosity Correlation Model 

The results of the experimental data correlated by the 

regression nonlinear equation are presented in Tables 

8 and 9 and also represent the viscosity correlation 

model as a function of temperature and biodiesel 

content respectively. 

  

Table 8: Regression parameters for Viscosity of the fuels using Andrade equation 
Fuel Regression equation ln η = A + B/T + C/T2 (Andrade equation) 

A B C R2 R2adj. RMSD Variance 

B100 0.826824 45.67346 -698.9766 0.996574 0.993148 0.003602 0.0001622 

B60  0.460492 68.01084 -1195.24 0.991304 0.982608 0.006419 0.0005151 

B40 0.4365097 62.95203 -1102.316 0.990138 0.980275 0.006388 0.0005101 

B20 0.5003733 47.97425 -791.0023 0.993174 0.986349 0.004636 0.0063883 

B10 0.5714328 36.59232 -558.6242 0.997977 0.995954 0.002225 0.0000619 

B5 0.6168601 29.37599 -407.1792 0.999529 0.999058 0.001001 0.0000125 

D 0.5361875 29.46699 364.9361 0.998414 0.996827 0.0021229 0.0000563 

 

Table 9: The measured and calculated viscosity value of lard biodiesel-diesel fuel blends using; η = a0 + a1x + 

a2x
2 
 

 

Fuel 
 

Measured 
 

Calculated 
 

a0 
 

a1 
 

a2 
 

R2 
 

Absolute 

error 

 

Error (%) 

B60 4.08 4.0784  0.0016 0.04 

B40 3.73 3.7348  0.0048 0.13 

B20 3.40 3.3955 3.0605 0.017  -5.43x10-6   0.99989 0.0045 0.13 

B10 3.23 3.2275   0.0025 0.08 

B5 3.14 3.1439  0.0039 0.12 

η=viscosity, x=biodiesel fraction, a0, a1, a2 are regression constants.

 

Table 8 shows high values of the regression 

coefficients, all above 0.98 which implies that the 

model; ln η = A + B/T + C/T
2
 represents the 

experimental data accurately. The small values of 

RMSD and the variance shown in the table also 

indicated the adequacy of the model.  

 

Table 9 represents the viscosity correlation model as 

a function of biodiesel fraction. The maximum 

percentage error is 0.13% and the minimum 

regression coefficient (R
2
) obtained here is 0.99989 

for the fuel blends showing that the measured and 

calculated values are in very good agreement. Hence  

 

 

the model equation η = a0 + a1x + a2x
2
 represents the 

experimental data accurately. This is in agreement 

with Enweremadu et al., (2011) who stated that 

several studies have been carried out in which the 

experimental data have been correlated by empirical 

second-degree equation because a linear equation 

does not fit the data well. The result of the variation 

of viscosity with temperature which was also 

analyzed using the Andrade exponential equation (µ 

= A exp.
B/T

) as shown in table 2 and further plotted in 

figure 3 shows that the exponential equation also 

fitted the experimental data well from the regression 

coefficients of above 0.90 observed from the 

regression lines. 

 

Table 10: The measured and calculated viscosity value@30
o
C of lard biodiesel- diesel blends using; ln ηB = 

VLB. ln η LB + VD. ln η D(Arrhenius equation) 

Fuel  Measured  Calculated   Absolute error        Error(%)  

B60                       4.08                         3.63        0.45 11.0 

B40                       3.73                         3.30        0.43 11.5 

B20 3.40 3.12        0.28 8.2 

B10 3.23 3.07        0.16 5.0 

B5 3.14 3.05        0.09                                       2.9 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(3):149- 160 (ISSN: 2141-7016)  

150 

 

where ηB, ηLB, ηD are the viscosities of the blend, lard bidiesel, and diesel oil respectively (mm
2
/s), and VLB,VD 

are the volume fraction of lard biodiesel and diesel respectively. 

       

Table 10 above shows the predicted values of the 

viscosities of the blends using Arrhenius equation. 

The maximum absolute error obtained from the 

equation (0.45) is quite higher than the maximum 

value obtained from the empirical second degree 

equation (0.0048) but within the acceptable range. 

The logarithm model equation;  

ln ηB = VLB. ln η LB + VD. ln η D proposed by 

Arrhenius fitted the experimental data well. 

 

 

Pour and Cloud Point Correlation Models 

The results of measured, calculated values, absolute 

error and percentage error of the cloud and pour 

points of the lard biodiesel and its blends presented in 

tables 10 and 11 respectively shows that the 

measured and calculated values are in very good 

agreement. Also the results of the measurements of 

the cloud and pour points which was correlated as a 

function of blend by empirical second-order 

polynomial equations. 

Table 10: Regression parameters for cloud points using; T
cp = ao+a1x+a2x

2
 

 

Fuel Measured Calculated   a
0      a1    a2         R

2
      Adj R

2   
Absolute          Error%    

                         Error (K) 

 

B100   282         282.17                                       0.17             0.060 

B60     276         275.31                          0.69             0.25 

B40     270         270.40   257.63 0.368603 -0.001232 0.9967    0.9945          0.40             0.148  

B20     264         264.50                          0.50             0.189 

B10     261         261.19                          0.19             0.073 

B5       260         259.44                          0.56             0.215 

D         259         257.63                          1.37             0.529 

ao , a1, a2 are coefficients; x = biodiesel volume fraction 

 

Table 11: Regression parameters for pour points using; Tpp = ao+a1x+a2x
2
 

 

Fuel Measured Calculated  a
0       a1   a2    R

2
      Adj R

2    
Absolute       Error%    

                      Error (K)  

 

B100   279    279.50                                       0.50                0.179  

B60     275    273.01                           1.99                0.724 

B40     267    268.09   254.9 0.385093 -0.001393 0.9840 0.9760    1.09          0.408  

B20     261    262.06                                  1.06            0.406 

B10     258    258.63                                  0.63           0.244 

B5       257    256.81                                  0.19           0.074 

D         256    254.92                                  1.08            0.060 

 

From Tables 10 and 11, it could be seen that the 

predicted model equations for calculating cloud and 

pour points as a function of blend for lard biodiesel 

are; 

Tcp = 258 + 0.3686VB - 0.001232VB
2 
            (14) 

 

Tpp = 255 + 0.3851VB – 0.001393VB
2
           (15) 

Where VB is the volume fraction of biodiesel in the 

blend, TPP is the pour point temperature; Tcp is the 

cloud point temperature. 

 

Equation (14) gave a regression coefficient (R
2
) of 

0.9967 while in equation (15), R
2
 = 0.9840, implying 

the model represents the data more accurately than 

the linear regression as correlation coefficient that is 

close to one indicates the regression model is correct. 

This study demonstrated that the rheology and 

empirical models developed from the experimental  

 

data of viscosity, density, cloud and pour point can be 

effectively applied in measuring and predicting the 

flow properties, hence has provided useful 

information and increased knowledge on previously 

described study regarding the development of 

economic and efficient processes that will assist 

engine manufacturers predict the engine performance, 

emission and fuel properties. 

 

Thermodynamics of the Fuels’ Flow (ΔGvis). 

The result of the comparison of Andrade and Eyring 

equation in estimation of the free energy of activation 

of flow (ΔGvis) is presented on table 12. Recall 

equations (8) and (12) respectively. By comparison, 

the parameter (ΔGvis) for each fuel sample was 

estimated from the expression; ΔGvis=BR. The 

Andrade constant (B) shown in table 2 and universal 

gas constant (8.314J.mol
-1

) were substituted in the 
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above expression to get the values of ΔGvis which are 

presented on the table. 

 

 

Table 12: Estimation of free energy of activation of flow (ΔGvis) of the biodiesel- diesel fuel from comparison of 

Andrade and Erying equation    

Blends                 DF            B5      B10           B20        B40         B60            B100 

ΔGvis        6.4            6.4       6.5             6.7       7.2           7.8             8.0 

(KJ/mol)  

      

These values of free energies of activation for flow 

(ΔGvis) gives an insight on the nature of packing of 

the molecules in each fuel sample, and the extent of 

the forces of interaction among the molecules (knothe 

et al.,2005). It is evident from the values of ΔGvis that 

as the biodiesel content increased, the ΔGvis also 

increased. B100 has the highest value of ΔGvis 

indicating that the molecules are most closely packed. 

Direct consequences of this are the high density, 

viscosity, and high crystallization temperature of the 

lard biodiesel than diesel fuel (Nanscimento et al., 

2005). 

 

CONCLUSION 

The lard biodiesel produced in this study was of good 

fuel quality as the parameters are within the standard 

specification for fuel. 

 

The relationship between the flow properties of lard 

biodiesel and their blends with diesel fuel 

investigated revealed that these properties decrease 

with increase in temperature and increase in biodiesel 

content as a result of the higher viscosity, density, 

cloud and pour point of biodiesel relative to diesel 

fuel. The prediction errors indicated by AAD and 

MAD are very small for all the samples; hence the 

mixing rules were suitable for the prediction as a 

function of biodiesel content. The empirical models 

for predicting the flow properties of lard biodiesel 

fuel and its blend with diesel fuel fitted the variation 

of density, viscosity, cloud and pour points obtained 

from the experimental data. It showed a linear  

 

relationship for density, second order polynomial, 

exponential and a logarithm relationship for 

viscosity, second order polynomial for cloud and 

pour points and the values obtained were in good 

agreement with the experiments and as such are 

adequate in measuring and predicting the flow 

properties. The thermodynamics of flow for the fuel 

samples showed that lard biodiesel has higher 

activation for flow as a direct consequence of its 

higher viscosity compared to diesel fuel. Hence, the 

rheological study shows that lard biodiesel is of good 

flow properties, and could be used in diesel engines 

without engine modifications.  
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