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Abstract
Thermal properties such as thermal conductivity, heat capacity, and thermal diffusivity and physical properties such as calo-
rific value, density, and kinematic viscosity of liquid fuels play a significant role in the combustion process. These properties 
vary with the chemical structures and the fatty acid profiles of biodiesels. Making correlations for various properties with 
respect to fatty acid profile helps to analyze the combustion process. Most of the reported works generated correlations 
using data taken from the literature, and the correlations based on the fatty acid profile for thermal properties of biodiesel 
are unavailable. As coconut oil, sunflower oil, and palm oil have entirely different fatty acid profiles, in this study, biodiesels 
produced from these three waste cooking oils and their three hybrids (each in a 1:1 ratio) were used for biodiesel production, 
followed by correlation formulation. Higher thermal conductivity (0.2211 W mK−1) and thermal diffusivity (0.2459 mm2 s−1) 
and lower heat capacity (0.8993 MJ m−3 K−1), density (862.8 kg m−3), kinematic viscosity (2.71 cSt), and calorific value 
(36.73 cSt) were observed for coconut-based biodiesels compared with other biodiesels. The addition of coconut content to 
hybrid biodiesel enhanced thermal conductivity and thermal diffusivity and reduced heat capacity, density, and kinematic 
viscosity. From the experimental data of thermal conductivity, heat capacity, thermal diffusivity, density, kinematic viscosity, 
and calorific value, empirical correlations were proposed with the fatty acid profile. Good agreement was obtained between 
experimental and calculated values.

Keywords  Thermal properties · Physical properties · Fatty acid profile · Empirical correlations · Waste cooking oil 
biodiesel

Introduction

Biodiesel is a fascinating alternative to petroleum diesel as 
it is renewable, biodegradable, less polluting, and non-toxic 
and can be used in the available diesel engines without any 
alterations [1–3]. Biodiesel can be produced from differ-
ent vegetable oils and animal fats using the transesterifica-
tion reaction, which converts triglycerides of oils and fats 
to mono-alkyl esters (biodiesel) [4, 5]. Biodiesel is com-
posed of complex mixtures of fatty acid esters with various 
carbon chain lengths and degrees of saturation, and their 
chemical structure varies from biodiesel to biodiesel. Ther-
mal conductivity is a significant thermo-physical property 
with respect to the design, optimization, modeling, and 

simulation [6, 7] and is also vital to determining the combus-
tion efficiency of diesel engines [8]. The thermal and physi-
cal properties of biodiesel vary for different biodiesels due 
to their varying chemical structures [9]. Alviso et al. [10] 
formulated correlations for physicochemical properties such 
as kinematic viscosity, pour point, cold filter plugging point, 
flash point, iodine number, and cetane number as functions 
of fatty acid profile. Alviso et al. [10] collected details of 
biodiesels produced from 48 origins, which include edible 
and non-edible sources, and since the data collected were 
dispersed, genetic programming was used instead of sim-
ple regression strategies, which prevents the usage of sim-
ple regression strategies. The authors concluded that, even 
though generic regression models with third-degree terms 
predicted the properties, these models were not optimal and 
suggested using simple models to predict physicochemical 
properties of biodiesels. Agarwal et al. [11] produced bio-
diesel from soybean, sunflower, safflower, mustard, linseed, 
groundnut, jatropha, palm, karanja, and mahua oils and 
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determined properties such as cloud point, pour point, flash 
point, fire point, viscosity, density, saponification value, and 
iodine value using linear regression analysis. Scatter plots 
for all the properties, excluding flash and fire points, were 
observed closer to a straight line.

Giakoumis et al. [12] formulated correlations for bio-
diesel properties such as density, lower and higher heating 
values, kinematic viscosity, and cetane number in terms of 
fatty acid profile. The primary data from the literature were 
used to make correlations using multiple linear regression 
analysis. Derived correlations for cetane number and den-
sity were observed successful in prediction. For kinematic 
viscosity and both the heating values, the correlations were 
weaker. Kumbhar et al. [13] performed statistical analysis 
to formulate mathematical models to predict biodiesel prop-
erties such as heating value, cetane number, density, and 
viscosity in terms of fatty acid composition, applying mul-
tiple linear regression analysis. The correlations were vali-
dated with the data from the literature and found that models 
developed for density and cetane number were successful 
in predicting, and models developed for heating value and 
kinematic viscosity were observed to be ineffective.

Hong et al. [14] formulated correlations to predict bio-
diesel properties such as oxidation stability, heating value, 
and kinematic viscosity using various fatty acid alkyl esters, 
which are building blocks of biodiesel. The predicted 
results were compared with the properties of methyl and 
ethyl esters of soybean oil, canola oil, olive oil, grape seed 
oil, corn oil, beef tallow, and lard. Average absolute error 
ranges from 0.14 to 1.42, 0.2 to 4.3, and 0.4 to 7.5% were 
observed for heating value, kinematic viscosity, and oxi-
dation stability, respectively. Ramírez-Verduzco et al. [15] 
produced biodiesel from soybean and beef tallow and char-
acterized. Also, they have formulated four correlations for 
density, higher heating value, viscosity, and cetane number 
in terms of molecular mass and degree of unsaturation and 
reported good agreement between experimental and calcu-
lated properties.

Ustra et al. [6] investigated the influence of temperature 
and chemical composition on the density, viscosity, and 
thermal conductivity of biodiesels from castor, soybean, 
and jatropha oils. The experimental results were used to 
make empirical relations and found similarities between 
calculated and experimental values. Soybean and jatropha 
biodiesels exhibit similar, and castor oil biodiesel showed 
higher thermal conductivity values. Fan et al. [7] determined 
the thermal conductivity of binary blends of methyl laurate 
with 1-pentanol, 1-butanol, and 1-propanol at a temperature 
range of 287–358 K. A correlation for estimating thermal 
conductivity was also proposed. Fan et al. [8] determined the 
thermal conductivity of methyl caprate, methyl laurate, and 
methyl myristate, which are the significant biodiesel compo-
nents, at various pressures ranging from 0.1 to 15 MPa and 

temperatures ranging from 292 to 372 K. The obtained data 
were correlated as a polynomial function of pressure and 
temperature. Kumbhar et al. [13] predicted biodiesel prop-
erties such as density, kinematic viscosity, cetane number, 
and heating value using multiple linear regression analysis 
from the fatty acid composition. The proposed models were 
also validated with reported data from the literature. Gia-
koumis et al. [12] correlated density, kinematic viscosity 
cetane number, and heating value with fatty acid composi-
tion using multiple linear regression analysis. Density and 
cetane number correlations were highly statistical and suc-
cessful in prediction. However, correlations for heating value 
and kinematic viscosity were weaker.

From the literature, most of the researchers have used 
reported data for the preparation of correlations. Correla-
tions for thermal properties are also rare in the literature. 
In the present work, biodiesels were prepared from coconut 
waste cooking oil, sunflower waste cooking oil, palm waste 
cooking oil, and their binary hybrid waste cooking oils in 
the ratio of 1:1. Coconut oil has a short chain and saturated 
fatty acid as the major constituent, sunflower oil has a long 
chain with poly-unsaturated fatty acid as the major constitu-
ent, and palm oil has medium- to long-chain fatty acid chains 
with saturated and mono-unsaturated compounds as major 
constituents. Thus, the six biodiesel samples produced will 
have different compositions of fatty acid with various chain 
lengths and saturation. Thermal properties such as thermal 
conductivity, heat capacity, and thermal diffusivity and 
physical properties such as density, kinematic viscosity, and 
calorific value were determined and compared. Also, the 
fatty acid profiles of the six biodiesel samples obtained were 
determined and compared. Then, by using the obtained data, 
three correlations were formulated with respect to fatty acid 
composition by applying multiple linear regression analysis.

Materials and methods

Preparation of oil samples

Coconut oil, sunflower oil, and palm oil were purchased from 
the local market. 1:1 blends of coconut–sunflower, coco-
nut–palm, and sunflower–palm were also made. These six oil 
samples were used to prepare waste cooking oils. Each oil 
sample is used for frying wheat dough slices 1 to 2 mm thick 
and 4 to 5 cm in diameter in batches at 180 °C. The frying 
process continued for 1 h by removing the fried food after it 
turned light brown color and adding a new batch of slices to 
the oil. Then, the oil was allowed to cool to room temperature 
after removing all traces of food. The same procedure was 
repeated three times for all three oils and labeled as HCO3 
(three-time-heated coconut oil), HSO3 (three-time-heated 
sunflower oil), HPO3 (three-time-heated palm oil), produce 
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HCSO3 (three-time-heated blend of coconut oil and sunflower 
oil), HCPO3 (three-time-heated blend of coconut oil and palm 
oil), and HSPO3 (three-time-heated blend of sunflower oil and 
palm oil).

Biodiesel production from different waste cooking 
oils

Six samples of biodiesels were prepared from HCO3, HSO3, 
HPO3, HCSO3, HCPO3, and HSPO3 by using methanol (6:1 
methanol-to-oil ratio) and KOH (1% mass of oil) and labeled 
as HCME, HSME, HPME, HCSME, HCPME, and HSPME, 
respectively. Transesterification reaction was carried out using 
a magnetic stirrer reactor and an electrical heater, keeping a 
temperature of 60 °C for 1 h. Then, the product was settled in 
a separating funnel, and the glycerol was removed. After water 
washing, the obtained biodiesel was heated above 100 °C to 
remove moisture.

Determination of fatty acid profile

Fatty acid profiles of six biodiesel samples were determined 
using GCMS (Agilent Technologies, 7890 A GC with 5975C 
MS with a triple-axis detector). The oven temperature was 
initially kept at 80 °C and increased at the rate of 4 °C min−1 
up to 230 °C, and the injector temperature was kept at 250 °C.

Measurement of thermal properties

Thermal properties of biodiesel such as thermal conductivity, 
heat capacity, and thermal diffusivity were measured using 
the hot disk thermal constants analyser (Hot Disk TPS 500 
S), which works based on the Transient Plane Source (TPS) 
method (ISO 22007-2). To avoid natural convection, specially 
designed sample holder for liquids, which consists of a small 
cell for liquid, was used. The relatively large metallic volume 
of the container ensures a stable temperature and negligible 
evaporation of the liquid.

Measurement of thermal properties

Density, kinematic viscosity, and calorific value of the bio-
diesel samples were determined using the portable digital 
density meter (ASTM D7777), Cannon–Fenske viscometer 
(ASTM D446), and bomb calorimeter (ASTM D5865-13), 
respectively.

Results and discussion

Fatty acid profile of biodiesel

Biodiesels are composed of saturated, mono-unsaturated, 
and poly-unsaturated fatty acid esters with different chain 
lengths and numbers of double bonds, which are depend-
ent on the feedstocks. Molecules with double bonds are 
more fluid-like structures, and random molecular inter-
action increases with increased chain length. Thus, the 
kinematic viscosity of biodiesel increases with the number 
of carbon atoms and decreases with the number of double 
bonds in the fatty acid chain [16, 17]. The calorific value 
(CV) of biodiesel increases with the number of carbon 
atoms and decreases with the number of double bonds in 
the fatty acid chain [17, 18]. Density increases with the 
decrease in chain length and increases with unsaturation 
[17]. Saturated fatty acid molecules have higher melting 
points compared with unsaturated molecules and thereby 
poor cold flow properties [19].

Figure 1 demonstrates the chromatogram of all six bio-
diesel samples. The X-axis indicates the response time, 
and the Y-axis indicates the detector response (the abun-
dance of the ions that reach the detector according to their 
mass-to-charge ratio). The relative abundance reveals 
information about the structure of the molecule. As shown 
in Table 1, HCME is composed of caprylic acid (4.64%), 
capric acid (4.62%), lauric acid (43.61%), myristic acid 
(22.76%), palmitic acid (10.93%), stearic acid (3.84%), 
oleic acid (8.04%), linoleic acid (1.48%), and eicosanoic 
acid (0.08%). The major constituent of HCME is lauric 
acid, a saturated fatty acid chain with 12 carbon atoms. 
HSME is composed of palmitic acid (7.49%), stearic acid 
(15.78%), oleic acid (17.24%), linoleic acid (58.02%), 
linolenic acid (0.12%), eicosanoic acid (0.37%), and 
behenic acid (0.98%). The major constituent of HSME is 
linoleic acid, an unsaturated fatty acid chain with 18 car-
bon atoms and two double bonds. HPME is composed of 
lauric acid (0.24%), myristic acid (1.02%), palmitic acid 
(40.33%), stearic acid (17.57%), oleic acid (30.81%), lin-
oleic acid (9.59%), and eicosanoic acid (0.45%). The major 
constituent of HPME is palmitic acid (40.33%), a saturated 
fatty acid chain with 16 carbon atoms.

Hybrid biodiesels (HCSME, HCPME, and HSPME) 
showed new compositions of fatty acid chains. Add-
ing sunflower and palm contents to coconut cooking oil 
enhanced the concentration of long-chain molecules such 
as stearic acid (3.64% and 4.54%, respectively), oleic 
acid (7.32% and 15.49%, respectively), and linoleic acid 
(30.72% and 4.51%, respectively). The addition of coconut 
and sunflower contents to palm oil reduced the concentra-
tion of palmitic acid (13.13% and 15.7%, respectively). 
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Fig. 1   Chromatogram of different biodiesels: a HCME, b HSME, c HPME, d HCSME, e HCPME, f HSPME
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The addition of coconut and palm contents to sunflower 
oil reduced the concentration of linoleic acid (25.82% and 
25.07%, respectively) and enhanced the concentration of 
lauric acid, myristic acid, and palmitic acid.

Thermal properties of biodiesel samples

The thermal conductivity of a material is its ability to trans-
fer heat by conduction [22]. Fuels with higher thermal con-
ductivity transfer heat quickly throughout the medium and 
easily heat up uniformly, enhancing the evaporation rate 
[21]. Experimental and theoretical values of various ther-
mal properties of six biodiesel samples are shown in Table 2. 
Thermal conductivity of HCME, HSME, HPME, HCSME, 
HCPME, and HSPME was observed as 0.2211 W mK−1, 
0.1980  W  mK−1, 0.2072  W  mK−1, 0.2089  W  mK−1, 
0.2117 W mK−1, and 0.2020 W mK−1, respectively. A higher 
thermal conductivity was observed for HCME, and the addi-
tion of coconut oil content also improved the thermal con-
ductivity of hybrid biodiesels HCSME (+ 0.0109 W mK−1) 
and HCPME (+ 0.0045 W mK−1) compared with HSME and 
HPME, respectively.

The heat capacity indicates the heat required to increase 
its temperature by unity [22]. Liquid fuels with lower heat 

capacity reach boiling temperature with minimum heat, 
which improves air–fuel mixing [23]. Heat capacity of 
HCME, HSME, HPME, HCSME, HCPME, and HSPME 
was observed as 0.8993 MJ m−3  K−1, 1.115 MJ m−3 K−1, 
1.060 MJ m−3 K−1, 1.008 MJ m−3 K−1, 1.002 MJ m−3 K−1, 
and 1.082 MJ m−3 K−1, respectively. Lower heat capacity 
was observed for HCME, which may be due to the pres-
ence of lower chain length as heat capacity increases with 
chain length (molar mass) [24, 25]. Also, the addition of 
coconut content reduced the heat capacity of hybrid bio-
diesels HCSME (− 0.107  MJ  m−3 K−1) and HCPME 
(− 0.058 MJ m−3 K−1) compared with HSME and HPME, 
respectively.

Thermal diffusivity is a measure of heat transport qual-
ity, and heat can transfer easily through the liquid medium 
with higher thermal diffusivity [26]. It is the ratio of heat 
conducted to heat stored, mathematically the ratio of ther-
mal conductivity to the product of density and heat capacity 
(K/ρCp) [27]. Thus, liquid fuels, with high thermal diffusiv-
ity, injected into the combustion chamber of an internal com-
bustion engine can transfer heat and evaporate easily. Ther-
mal diffusivity of HSME, HPME, HCSME, HCPME, and 
HSPME was observed as 0.2459 mm2 s−1, 0.1776 mm2 s−1, 
0.1955  mm2  s−1, 0.2073  mm2  s−1, 0.2114  mm2  s−1, and 

Table 1   Fatty acid profiles of 
all the six biodiesel samples 
produced

Major constituents in HCME, HSME, and HPME are indicated in Bold

HCME HSME HPME HCSME HCPME HSPME

Caprylic acid (C8:0) 4.64 – – 2.25 2.16 –
Capric acid (C10:0) 4.62 – – 2.15 2.07 –
Lauric acid (C12:0) 43.61 – 0.24 20.38 19.75 0.13
Myristic acid (C14:0) 22.76 – 1.02 10.47 10.65 0.57
Palmitic acid (C16:0) 10.93 7.49 40.33 8.89 27.2 24.63
Stearic acid (C18:0) 3.84 15.78 17.57 7.48 8.38 19.74
Oleic acid (C18:1) 8.04 17.24 30.81 15.36 23.53 21.06
Linoleic acid (C18:2) 1.48 58.02 9.59 32.2 5.99 32.95
Linolenic acid (C18:3) – 0.12 – 0.06 – 0.41
Eicosanoic acid (C20:0) 0.08 0.37 0.45 0.23 0.29 0.53
Behenic acid (22:0) – 0.98 – 0.53 – –

Table 2   Experimental and 
calculated thermal properties of 
different biodiesel samples

Biodiesel Thermal 
conductivity/W mK−1

Thermal diffusivity/mm2 s−1 Heat capacity/MJ m−3 K−1

Experimental Calculated Experimental Calculated Experimental Calculated

HCME 0.2211 0.22109 0.2459 0.24592 0.8993 0.89921
HSME 0.1980 0.19793 0.1776 0.17766 1.115 1.11519
HPME 0.2072 0.20712 0.1955 0.19558 1.060 1.05997
HCSME 0.2089 0.20885 0.2073 0.20735 1.008 1.00807
HCPME 0.2117 0.21165 0.2114 0.21146 1.002 1.00195
HSPME 0.2020 0.20194 0.1868 0.18686 1.082 1.08208
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0.1868 mm2 s−1, respectively. Among the biodiesels tested, 
HCME was observed with higher thermal diffusivity, 
which may be due to reduced chain length, and the addi-
tion of coconut content enhanced the thermal diffusivity of 
hybrid biodiesels HCSME (+ 0.0297 mm2 s−1) and HCPME 
(+ 0.0159  mm2  s−1) compared with HSME and HPME, 
respectively.

Physical properties of biodiesel samples

Density is an important physical property of liquid fuels, 
which decides the quantity of fuel injected and injection 
timing, influencing the engine characteristics [28]. Higher 
density leads to the quick transmission of the pressure wave 
from the fuel pump to the injector resulting in advanced 
injection timing [29–31]. Experimental and theoretical 
values of physical properties such as density, kinematic 
viscosity, and CV of six biodiesel samples are shown in 
Table 3. The density of HCME was found to be minimum 
(862.8 kg m−3) compared with HSME (875.8 kg m−3) and 
HPME (864.8 kg m−3). Also, the addition of coconut content 
reduced the density of sunflower biodiesel (− 5.4 kg m−3) 
and palm biodiesel (− 0.7 kg m−3).

Fuel injection, atomization, and air–fuel mixture forma-
tion in the combustion chamber depend on the kinematic 
viscosity of the liquid fuel. Fuels with lower kinematic vis-
cosity lead to better fuel atomization and air–fuel mixture 
formation [28, 30], whereas fuels with higher viscosity lead 
to advanced injection timing with mechanical injection 
system [29, 30, 32]. Among the biodiesels tested, HCME 
(2.71 cSt) was observed with lower kinematic viscosity com-
pared with HSME (4.39 cSt) and HPME (4.56 cSt). The 
addition of coconut content reduced the kinematic viscosity 
of hybrid biodiesel by 0.84 cSt for sunflower-based biodiesel 
and 0.92 cSt for palm-based biodiesels. Hence, atomization 
and air–fuel mixing will be better for coconut-based biodies-
els and their hybrids.

CV represents the heat content in the fuel and increases 
with the length of the carbon chain and reduces with the 
number of double bonds [17–19]. Among the biodies-
els tested, HPME (39.75 MJ kg−1) was observed with the 

maximum CV compared with HCME (36.73 MJ kg−1) and 
HSME (38.88 MJ kg−1). The addition of palm and sun-
flower contents to coconut content improved the CV by 
1.09 MJ kg−1 and 1.8 MJ kg−1, respectively.

Table 3   Experimental and 
calculated physical properties of 
different biodiesel samples

Biodiesel Density/kg m−3 Kinematic viscosity/cSt Calorific value/MJ/kg−1

Experimental Calculated Experimental Calculated Experimental Calculated

HCME 862.8 862.80 2.71 2.71 36.73 36.73
HSME 875.8 875.36 4.39 4.39 38.88 38.88
HPME 864.8 864.80 4.56 4.56 39.75 39.75
HCSME 870.4 870.16 3.55 3.55 37.82 37.82
HCPME 864.1 864.10 3.64 3.64 38.53 38.53
HSPME 869.8 869.80 4.48 4.48 39.38 39.38
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Empirical correlations

Linear regression analysis was used to determine three 
correlations for thermal conductivity (K), heat capacity 
(c), thermal diffusivity (α), density (ρ), kinematic viscos-
ity , and calorific value (CV). The correlations in terms of 
the different fatty acids are shown in Eqs. (1–6):

(1)

K = − 0.66289 + 0.015195(C12 ∶ 0) + 0.019617(C16 ∶ 0)

− 0.00143(C18 ∶ 1) + 0.012437(C18 ∶ 2)

+ 0.017293(C22 ∶ 0)

(2)

c =10.72126 − 0.16891(C12 ∶ 0) − 0.21618(C16 ∶ 0)

+ 0.014067(C18 ∶ 1) − 0.13927(C18 ∶ 2)

− 0.15197(C22 ∶ 0)

(3)

� = − 1.72178 + 0.033934(C12 ∶ 0) + 0.043949(C16 ∶ 0)

− 0.00415(C18 ∶ 1) + 0.027592(C18 ∶ 2)

+ 0.041747(C22 ∶ 0)

(4)

� =669.8169 + 3.294485(C12 ∶ 0) + 4.191364(C16 ∶ 0)

− 0.11667(C18 ∶ 1) + 2.997827(C18 ∶ 2)

+ 2.271421(C22 ∶ 0)

(5)

V = − 8.23796 + 0.176183(C12 ∶ 0) + 0.305355(C16 ∶ 0)

− 0.04304(C18 ∶ 1) + 0.184539(C18 ∶ 2)

+ 0.380505(C22 ∶ 0)

(6)

CV =123.2244 − 1.49736(C12 ∶ 0) − 1.86667(C16 ∶ 0)

+ 0.126933(C18 ∶ 1) − 1.22448(C18 ∶ 2)

− 1.53756(C22 ∶ 0)
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where (C12:0) is the percentage concentration of lauric acid 
methyl ester, (C16:0) is the percentage concentration of pal-
mitic acid methyl ester, (C18:1) is the percentage concen-
tration of oleic acid methyl ester, (C18:2) is the percentage 
concentration of linoleic acid methyl ester, and (C20:0) is 
the percentage concentration of behenic acid methyl ester. 
Other fatty acid methyl esters present were found to be not 
significant. The obtained regression models are plotted for 
thermal conductivity, thermal diffusivity, heat capacity, den-
sity, kinematic viscosity, and CV in Figs. 2, 3, 4, 5, 6, 7, 
respectively. R2 values were observed as 1 for the thermal 
conductivity, thermal diffusivity, heat capacity, kinematic 
viscosity, and CV and 0.94 for the density.      

Conclusions

Biodiesels were produced from coconut waste cooking 
oil, sunflower waste cooking oil, palm waste cooking oil, 
and their binary hybrids of 1:1 ratio. Fatty acid profiles 
and thermal properties such as thermal conductivity, heat 
capacity, thermal diffusivity, density, kinematic viscos-
ity, and calorific value were determined and compared. 
Also, the empirical correlations were proposed using lin-
ear regression analysis. The subsequent conclusion can be 
made from the investigation:

•	 The substantial constituent of HCME is lauric acid 
(43.61%), a saturated fatty acid chain with 12 carbon 
atoms. The major constituent of HSME is linoleic 
acid (58.02%), an unsaturated fatty acid chain with 18 
carbon atoms and two double bonds. Two significant 
constituents of HPME were observed as palmitic acid 
(40.33%), a saturated fatty acid chain with 16 carbon 
atoms, and oleic acid (30.81%), an unsaturated fatty 
acid chain with 18 carbon atoms and one double bond.

•	 A higher thermal conductivity was observed for HCME 
compared with other biodiesels, and the addition of 
coconut oil content to hybrid biodiesel improved the 
thermal conductivity.

•	 Lower heat capacity was observed with HCME, which 
may be due to the presence of lower chain length as 
heat capacity increases molecular mass. Also, the addi-
tion of coconut content reduced the heat capacity of 
hybrid biodiesels.

•	 Among the biodiesels tested, HCME was observed 
with higher thermal diffusivity, which is due to reduced 
chain length and the addition of coconut content 
enhanced the thermal diffusivity of hybrid biodiesels.

•	 The minimum density and kinematic viscosity were 
observed for HCME compared with other biodies-
els. Also, the addition of coconut content reduced the 
density and kinematic viscosity of hybrid biodiesels. 

Hence, atomization and air–fuel mixing will be better 
for coconut-based biodiesels and their hybrids.

•	 Among the biodiesels tested, HPME was observed with 
the maximum calorific value. The addition of palm and 
sunflower contents to coconut content improved the 
calorific value of hybrid biodiesels.

•	 It was found that lauric acid methyl ester (C12:0), pal-
mitic acid methyl ester (C16:0), oleic acid methyl ester 
(C18:1), linoleic acid methyl ester (C18:2), and behenic 
acid methyl ester (C20:0) were significant components 
for predicting the properties.

Obtained correlations can be used to predict physical 
and thermal properties of various biodiesels from their 
fatty acids profiles. Also, it helps to blend different bio-
diesels from various sources to obtain required physical 
and thermal properties.
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