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Density of Ternary Blends with Biodiesel, Diesel Fuel
and Isopropanol at Different Temperatures
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The growth in environment pollution as a result of fossil fuels increased consumption has led scientists to
focus on biofuels such as biodiesel and bioalcohols. The ternary blends of bioalcohols with fossil fuels and
biodiesel show better properties as fuels for diesel engine, than binary blends of biodiesel with diesel fuel.
The purpose of this work is to report experimental density data for biodiesel+diesel fuel+isopropanol
pseudo-ternary system at atmospheric pressure, covering the whole composition range and for temperature
ranging from 293.15 to 323.15K. Based on experimental data, the accuracy of different mixing rules and
empirical equations used to calculate the density of the pseudo-ternary system has been evaluated.
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As a result of the increasingly pollution of the environment
recorded in recent years, especially due to the transport
sector, efforts are being made aimed at reducing harmful
emissions including CO2 that negatively affect the
environment. One of the solutions would be finding some
alternatives sources of energy such as renewable fuels.

Proven to be environmentally friendly, biodiesel and
bioalcohols are part of the renewable fuels category
providing a cleaner environment [1-6]. Bioalcohols are an
alternative to petroleum-based fuels, the most studied
alcohol being ethanol due to its profitability. But, when
ethanol is mixed with diesel fuel, a phase separation may
occur in the blend. In order to solve such problems, the use
of alcohols with higher carbon chain, which have better
fuel properties such as higher cetane number, higher
calorific value and lower latent heat of evaporation has
been proposed [7, 8]. Such alcohols can be easily blended
with both diesel fuel and biodiesel at any ratios with no
phase separation [8-10]. Moreover, bioalcohols have
recently become competitive due to some improved
methods of production [11-14].

Most studies on fossil fuel blends with isopropanol refer
to engine performance [15-17]. Liu et al. [16] and Hazar
and Uyar [17] have investigated mixtures of diesel fuel
with isopropanol as additive and have analyzed the behavior
and emissions of a diesel engine. They found that
isopropanol presence in the blends caused smoke
emissions decrease and NOx increase.

There are only few studies on blends with isopropanol
regarding properties like density and viscosity, the most
relevant physicochemical properties in the combustion

process taking place in diesel engine. Gülüm and Bilgin
[18] have reported densities at 15oC and kinematic
viscosities at 40oC for canola oil biodiesel+diesel
fuel+isopropanol ternary blend with reduced content of
alcohol.

More investigations on the physicochemical properties
of the biodiesel+diesel fuel+isopropanol ternary system
are needed as a result of the lack of data in literature.

The study of the physicochemical properties of binary
and ternary fuel mixtures is in our attention [19-22].  The
aim of this paper is the study of the diesel fuel system with
two biofuels, biodiesel and isopropanol, considering that
the addition of isopropanol to the biodiesel blend with diesel
fuel allows the addition of higher amounts of biodiesel,
while fulfilling the quality standards requirements.
Therefore, ternary mixtures of biodiesel+diesel
fuel+isopropanol have been prepared to cover the whole
composition range and their densities have been
determined for temperature between 293.15 K and 323.15
K. The accuracy of several predictive and correlative
equations used to calculate the density of fuels blends has
been evaluated.

Experimental part
Diesel fuel was purchased from a local company and

biodiesel from SGS Bulgaria Ltd.  The two fuels properties
are in accordance with quality standard requirements: EN
590 for diesel fuel and EN14214 for biodiesel. Isopropanol
was purchased from Merck Company (99.7 % v/v purity).
Table 1 lists some important properties of biodiesel, diesel
fuel and isopropanol, and their molar masses. The biodiesel
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Table 1
PROPERTIES OF DIESEL FUEL, BIODIESEL AND ISOPROPANOL
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mean molar mass was determined by cryometric method
and based on chemical composition presented in Table 2.
The mean molar mass of diesel fuel was determined by
cryometric method. The monoalkyl esters composition of
biodiesel was determined by gas chromatography using a
Clarus 500 GC chromatograph equipped with a FID
detector and capillary column SGE BPX70 of high polarity,
with polysiloxane as stationary phase and hydrogen carrying
gas at a flow rate of 20 mL/min.

Ternary biodiesel+diesel fuel+isopropanol blends were
prepared at room temperature by weighting; the analytical
balance has ± 0.0001 g accuracy. Twenty two mixtures
were prepared to cover the entire compositions range of
the ternary system. All mixtures were completely miscible.
The biodiesel+diesel fuel+isopropanol system is a pseudo-
ternary system due to the fact the diesel fuel and biodiesel
are complex mixtures; diesel fuel is a blend of
hydrocarbons, and biodiesel is a blend of mono alkyl esters
of fatty acids.

An Anton Paar SVM 3000 equipment provided with a U-
shaped vibrating tube as cell for density measurement was
used for density measurement. The device is equipped with
a Peltier integrated thermostat, the accuracy of which is ±
0.02 °C and the uncertainty for density measurement is ±
0.0005 g/cm3. To achieve the experimental determinations,
5 ml of sample are required. The density data is provided at
a specified temperature. Density was measured at 293.15
K, 298.15K, 303.15K, 308.15K, 313.15K and 323.15K.

Equations
Experimental data has been used to test some equations

for correlation and prediction of ternary system density.
The correlative equations are density-composition (or
temperature) equations containing one or more correlation
parameters obtained by regression of experimental data.
Predictive equations allow the property to be estimated
based on the properties of the pure components without
the use of blend experimental data. Equations for density
calculation of the ternary system were obtained by
expanding those for the binary systems. Although in
practice many equations use volume fractions, for the
accuracy of the calculations in this work mass fractions or
molar fractions were employed to express the composition
of the ternary sytem. A new equation with six parameters
was tested for density calculation of the studied system.

For the dependence density-composition, equations
used for density prediction are eq.(1) and eq.(2), and for
correlation, eq.(3). The correlation with temperature was
realised with eq.(4).

Eq.(1) is the mixing rule of Kay, one of the most widely
used method for the prediction of the density of petroleum
products and of fossil fuels + biofuels blends [27-30]:

(1)

where ρ is the density of the blend, ρi  and wi, are the
densities and the mass fraction of the blend components,
respectively.

Eq.(2) taken from the field of petroleum products
calculates the density of the ternary system:

 (2)

where Mi is the molar mass of component i, and xi is the
molar fractions of the three components of the blend.

Eq.(3) is an empirical polynomial equation obtained with
Statistical V10 program, including six adjustable
parameters, a, b, c, d, e and f:

(3)
For density-temperature correlation, an empirical

equation proposed by Yuan [31] and applied by Tesfa [32]
for binary sistems was used for the ternary system:

(4)

where T is the temperature (K), a, b are the fitting
parameters.

Each equation (eqs. (1)-(4)) calculating the density of
ternary system was tested for every sample, and the results
were compared with the experimental values.

The accuracy of the equations was evaluated by the
means of the average absolute percentage deviation (AAD
%) and relative percent deviation (RPD %):

(5)

(6)

where ρexp,i and ρcal,i are the experimental and the calculated
value of the density, respectively; N represents the number
of experimental points.

*The first digit indicates the number of carbon atoms in the acid chain of the methyl ester
  and the second digit indicates the number of double bonds of carbon atoms in the acid chain of the
  methyl ester.

Table 2
FATTY ACID METHYL ESTER
COMPOSITION BASED ON

PERCENT MASS OF BIODIESEL
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Results and discussions
Experimental data

Experimental data of density of biodiesel+diesel
fuel+isopropanol pseudo-ternary system are shown in
table 3 at temperatures between 293.15 and 323.15 K.
Figure 1 shows density variation with composition at 298.15
K, and figure 2 presents density variation with temperature.
The graphical representation at 298.15K was made to
better illustrate the density dependence on composition
for the studied ternary system. Similar shapes of the curves
were obtained for the other investigated temperatures.

From figure 1 it can be observed that the smallest density
correspond to ternary blends with the greatest alcohol
content, while the greater density correspond to ternary
blends with the greater biodiesel content. As shown in
figure 2, densities of all samples decrease with the increase
of the temperature, as expected.

Density calculation
The density of ternary blends was correlated with

composition (eqs.(1-3)), and temperature (eq. (4)). Tables
4 and 5 present the values  obtained for the percentage
relative deviation (RPD) using eq.(1) and eq.(2) for the
predictive calculation of the density of the biodiesel + diesel
fuel + isopropanol ternary system from the densities and
the molar masses of the pure components at the studied
temperatures. For the evaluation and validation of these
equations, the average percentage deviation (AAD) was
also calculated. According to the data presented in tables
4 and 5, it can be seen that eq.(1) and eq.(2)  allow a
prediction of the ternary system density with low errors of
0.60-0.70 % and 0.48-0.56 % AAD respectively.

Table 6 presents the results of the density calculation
with eq. (3): equation parameter values   and average
absolute percentage deviation values (AAD, %). Eq.(3)

Table 3
EXPERIMENTAL DENSITY VALUES (g/cm3) OF BIODIESEL (1) + DIESEL FUEL (2) + ISOPROPANOL (3) TERNARY SYSTEM

AT DIFFERENT TEMPERATURES

Fig. 2. Density variation with temperature for
biodiesel(1)+diesel fuel(2)+isopropanol(3) ternary system at

different compositions

Fig.1. Density variation with composition at 298.15 K for
biodiesel(1) + diesel fuel(2) + isopropanol(3) ternary system
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presents somewhat higher errors, in this case the average
relative deviation values   fall between 1.18  - 1.3 %.

Table 7 shows the result of the temperature-density
correlation with eq.(4) for biodiesel + diesel fuel +
isopropanol ternary system. Eq.(4) shows AAD errors
between 0.1  and 1.5 %.

Table 4
RELATIVE PERCENTAGE DEVIATION  (RPD, %) AND AVERAGE ABSOLUTE PERCENTAGE DEVIATION (AAD, %)

VALUES FOR DENSITY ESTIMATION WITH EQ.(1)

Table 5
RELATIVE PERCENTAGE DEVIATION  (RPD, %) AND AVERAGE ABSOLUTE PERCENTAGE DEVIATION (AAD, %) VALUES FOR

DENSITY ESTIMATION WITH EQ.(2)

Eqs.(1)-(4) can be practically used to calculate the
density of the ternary studied fuels blends at different
compositions and temperatures with average errors of
0.0021-1.7 %.

Figure 3 shows the density values   calculated with the
predictive eq.(1) and eq.(2) and the correlative equation,
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eq.(3) as compared to the experimental values. It can be
seen that the predictive equations present the best results,
the dependency points are arranged near the bisector.
These equations are accurate and give errors between 0.6
- 0.7 % (eq.(1)), and 0.48 - 0.56 % (eq.(2)). The low error
values   recommend them to be used for predictive
computation. Correlative Eq.3 also shows small error
values, which recommends it for estimating the density of
the studied ternary system.

The accurate results obtained with predictive equations
(eqs.(1)and (2)) indicate an almost ideal behavior of the
studied system. The pseudo-ternary system is probably a
mixture of components molecules without or with very
weak interactions between them.

Table 6
PARAMETERS VALUES FROM EQ.(3) AND AVERAGE ABSOLUTE PERCENTAGE DEVIATION (AAD, %) FOR DENSITY

CORRELATION WITH COMPOSITION AT DIFFERENT TEMPERATURES

Table 7
PARAMETERS VALUES FROM EQ.(4) AND

AVERAGE ABSOLUTE PERCENTAGE DEVIATION
(AAD, %) FOR DENSITY CORRELATION WITH

TEMPERATURE AT DIFFERENT COMPOSITIONS

Fig.3. Calculated density with different equations versus
experimental density at 293.15 K for biodiesel(1) + diesel fuel(2)

+ isopropanol(3) ternary system

Conclusions
Experimental densities of biodiesel+diesel fuel+

isopropanol system for temperature ranging from 293.15
to 323.15 K have been reported.

The density of the biodiesel + diesel fuel + isopropanol
ternary system varies monotonously with mixture
composition, without extreme points, with values within
the range limited by the densities of the pure components.
The predictive equations ((eq.(1) and (2)) which calculate
the density of the mixtures from the density of the pure
components, allow a good estimation, the errors being
within 0.6 - 0.7  and 0.48 - 0.56 %, respectively. The
correlative equation with six parameters (eq.(3)) also
represents well the experimental data, with errors between
1.18  and 1.3 %, being slightly higher than the errors
corresponding to eq.(1) and eq.(2). The dependence of
density on temperature is well represented by Eq.(4), the
corresponding errors ranging from 0.10 % to 1.53 %.

All equations used in this study to calculate the density
of biodiesel + diesel fuel + isopropanol system can be
utilized in practice to estimate the density of this ternary
system at different compositions and temperatures.
Biodiesel + diesel fuel + isopropanol ternary system is of
practical interest because isopropanol addition decreases
system density, making it more close to that of diesel fuel
and thus permitting more biofuels to be added to fossil
fuel. Isopropanol as a product of some more competitive
biotechnologies that have been recently developed is a
possible additive or substitute for fossil fuels.
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