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Abstract

Thermal characteristics of biodiesels are useful in system design, modeling, and

operation. Such investigations are extensively being carried out in combustors,

engine, and process industries. This article examines the thermal characteristics of

jatropha (Jatropha curcas), honge (Pongamia pinnata), and their equal mixing from

thermogravitometry and differential scanning calorimetry (TG-DSC) curves for the

specific 10�C/min heating rate under atmospheric air. Fuel properties are measured

following ASTM standards to compare with diesel properties. Each experiment was

repeated three times, and the properties showed insignificant scatter. The average

properties of the repeated tests are presented. Two phases of decomposition were

observed for diesel, whereas three (viz., devolatilization of aqueous fractions, com-

bustion of methyl esters, and combustion of carbonaceous residues) in biodiesels.

Jatropha oil methyl ester (JOME) is thermally stable compared to honge oil methyl

ester (HOME). Mixed biodiesel (JOME+HOME) is prone to oxidation due to the high

content of oleic and linoleic acids. Recorded onset and offset temperatures of mixed

biodiesel are low compared to pure biodiesel. Mixed biodiesel exhibited high volatility

resembling diesel characteristics. It exhibited an enthalpy of 240 J/g, whereas the

enthalpy of diesel, jatropha, and honge exhibited enthalpies of 130, 321, and 570 J/g,

respectively. The combustion index (S) of diesel, jatropha, honge, and mixed biodiesel

was 41.6, 82.8, 77.74, and 64.6, respectively. Mixed biodiesel reduces the intensity of

combustion (Hf), promising better combustion characteristics. Thus, mixed biodiesel

shows the potential of an efficient alternative energy source.

K E YWORD S
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1 | INTRODUCTION

The world is currently experiencing a scarcity of fossil fuels and envi-

ronmental degradation due to the extensive consumption of these

fuels. Fossil fuel consumption reduces subterranean carbon capacity,

necessitating the development of alternative energy sources that can

meet our daily needs.1 Electric power generation, motor vehicles, and

aviation operations are gradually transitioning to biodiesel utilization.2,3
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Transesterification is used to produce these oxygenated fuels.4,5 Alco-

hols convert triglycerides into glycerol, methyl esters, or ethyl esters,

depending on which alcohol is used.6 To conduct an analysis of com-

bustion chemistry, it is essential to investigate the recurring patterns of

reactions that occur during combustion.7–9 The knowledge of fuel oxi-

dation and decomposition of esters is crucial in understanding the com-

bustion mechanism of biodiesels.10 During combustion, nitrogen in the

air and/or fuel combines with oxygen to generate NOx, which can

eventually produce nitric acid vapor after interacting with ammonia,

moisture, and other components in the atmosphere.11–13 Furthermore,

the combustion of fuels increases greenhouse gases such as CO, CO2,

PM, SOx, and so forth.14–16 The storage of biofuels causes them to

degrade, necessitating a stability analysis of the fatty acid profiles of

feedstock.17–19 In the primary oxidation process, the carbon atom of

methylene between olefin atoms strikes first.20 Close to the double

bond, the methylene carbon atom affects the oxidation rate.21 When

hydroperoxides break down and interact during the reaction, the sec-

ondary oxidation products form.22 These secondary oxidation products

are aldehydes, alcohols, high molecular weight polymers, and carboxylic

acids.23

Many biomass resources, such as agricultural, forestry, municipal

solids, and industrial wastes, can be used as solid fuels or converted

to gaseous fuels to generate energy via thermal conversion processes

such as combustion, torrefaction, gasification, and pyrolysis, among

others.24–26 Thermal characteristics must be thoroughly understood

before these procedures can be improved. For example, El-Sayed

et al.27 utilized thermogravimetric/differential thermogravimetric

(TG/DTG) analysis to investigate the thermal breakdown and oxida-

tion, combustion properties, and kinetics of cotton stalks and sugar-

cane bagasse powder of various particle sizes in the air at different

heating rates from room temperature to 1000�C. They reported that

all of the samples demonstrated a two-stage response mechanism

between 200 and 1000�C, showing areas of volatile oxidation and

char combustion during thermal degradation and oxidation. Kotaiah

Naik et al.28 studied the torrefaction and kinetics of deoiled Karanja

seed cake as an upgrading method for this feedstock. They reported

that the reduction in O/C and H/C caused a considerable shift in ele-

mental composition, boosting the calorific value, and hydrophobicity

of the torrefied biomass. According to the kinetics investigation, a

single-step reaction mechanism was sufficient to characterize the

overall kinetics of the torrefaction process and explain the thermo-

chemical phenomena.

Jatropha and honge (with nearly 40% of the oil content in the ker-

nel) are abundantly available.25,29 These non-edible feedstocks are

ideal for biodiesel production. Combustion simulations necessitate

advanced computing capabilities as well as a thorough understanding

of chemical kinetics.30 So far, most researchers have concentrated on

coal combustion phenomena, with very few studies done on liquid

fuels, particularly biodiesel combustion analysis. Atgur et al.31 recently

reviewed the literature on Thermogravitometry analysis (TGA) and dif-

ferential scanning calorimetry (DSC) to analyze heat flow, enthalpy,

and thermal stability. They reported that the B20 blend has a high

enthalpy, higher thermal stability, and a lower combustion peak

temperature, as well as an enhanced combustion index and combus-

tion intensity that is virtually similar to diesel. Atgur et al.32 studied

the thermal behavior of diesel, Jatropha curcas biodiesel, and its 20%

blend in diesel. They suggested that due to the higher temperature

combustion of the stable intermediate compounds that are formed,

the peak combustion temperature is higher for jatropha oil methyl

ester (JOME) compared to diesel and B20 blends. Volli and Purkait33

examined the thermo-chemical characteristics of mustard, soybean,

olive, and Karanja oils by conducting TG-DTG experiments in a nitro-

gen atmosphere upto 600�C with heating rates of 10–100�C/min and

observed a single stage of decomposition. The high activation energy

was noticed in Karanja, followed by soybean, mustard, and olive oils.

Farias et al.34 examined the thermal stability of biodiesel blends in

20% passion fruit, 20% castor oil biodiesel, and 20% biodiesel blend

of passion fruit and castor oil. TG curve indicated high stability of cas-

tor oil biodiesel. Oleic and linoleic acids in passion fruits lead to low

thermal stability due to high oxidation. Blends of passion fruit and cas-

tor oil biodiesel (1:1 proportions) indicated high thermal stability.

Increased stability in 1:2 proportions is due to the ricinoleic acid con-

tent in castor oil. Santos et al.35 investigated the thermal stability and

physicochemical properties of biodiesels produced from cotton, sun-

flower, palm oil, and their B-10 blends. TG curve of palm oil indicated

high initial decomposition temperature and two-mass loss steps,

whereas single mass loss for sunflower and cotton oils. The high onset

temperature of cotton oil biodiesel indicated high thermal stability

and also, observed high decomposition temperature of blends.

Dwivedi and Sharma36 observed long storage deterioration of the

oxidation and thermal stability of Pongamia biodiesel. Thermal degra-

dation of the samples followed the first-order reaction the addition of

antioxidant PY increased the induction period and activation energy.

Conceição et al.37 observed the thermal degradation of castor oil bio-

diesel at 150–210�C in a synthetic air atmosphere exposing up to

48 h. Mass loss (%), peak temperature, and enthalpy with temperature

presented at 10�C/min heating rate. Castor biodiesel stability was

noticed up to 150�C and formed intermediate compounds at high

temperatures. John et al.38 generated fuel properties by adopting

spectrometric methods (like GC-MS and Fourier transform infrared

spectrum [FTIR] with thermogravitometry and differential scanning

calorimetry [TG-DSC]) to assess the quality of hemp (Cannabis sativa

L.) biodiesel. DSC and TG-DTG results matched well with GC-MS and

FTIR results. Wnorowska et al.39 examined halloysite additives on

fuels to generate TG-DTG profiles and analyzed the combustion

profiles.

The thermal characteristics of a specific fuel can be used to

explain the performance and emissions of a CI engine powered by

that fuel. Banapurmath et al.40 examined the CI engine's performance

and emissions operating on jatropha, honge, and sesame methyl esters

(JOME, HOME, and SOME). Brake thermal efficiency (BTE) for honge

oil methyl ester (HOME), SOME, and JOME at 80% load was reported

as 29.51%, 30.4%, and 29%, respectively (whereas 31.25% BTE for

diesel). Ignition delay enhancement was observed with combustion

duration. SOME and HOME showed improvement in heat release

rate. JOME and HOME showed low unburnt hydrocarbon (HC) and

2 of 10 ATGUR ET AL.
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carbon monoxide (CO) emissions. In their study, Deepanraj et al.41

investigated the combustion characteristics of blends comprising 20%

jatropha and Karanja biodiesel with diesel. The experiments were con-

ducted using a single-cylinder diesel engine operating at a speed of

1500 rpm. At full load, the thermal efficiency of 29.8%, 29%, and

28.6% were reported for diesel, 20% jatropha biodiesel blend in die-

sel, and 20% Karanja biodiesel blend in diesel. Soudagar et al.42 stud-

ied Moringa oleifera based B10 and B20 blends performance and

emission characteristics at full load conditions with engine speeds

varying from 1000 to 2400 rpm. They reported increased CO (2.5%)

and NOx (9%) emissions compared to diesel for B10.

Until now, the primary focus of researchers has been to investi-

gate coal combustion phenomena, with relatively fewer studies on liq-

uid fuels, particularly in the area of biodiesel combustion analysis.

Conventional engine testing methods have limitations in that they

only provide performance indicators and lack insight into the thermo-

dynamic aspects. However, by employing TGA and DSC techniques, it

is possible to assess the combustion behavior of liquid fuels and

enhance their storage conditions. These studies can also facilitate the

optimization of fuel blends before subjecting them to engine testing,

thus, reducing the need for extensive engine bench tests. Motivated

by the investigations of the above researchers, this paper examines

thermal and combustion characteristics of JOME, HOME, and com-

bined honge-jatropha biodiesel at equal proportions performing

TG-DSC experiments using NETZSCH 449F3 simultaneous thermal

analyzer for 10�C/min heating rate in atmospheric air. Evaluated com-

bustion index (S) and intensity of combustion (Hf) using DTG curves

and reported the peak combustion temperature, enthalpy, onset-

offset temperature, stability, ignition, and burnout temperature.

2 | MATERIALS AND METHODS

Biodiesels of Jatropha oil and honge oil are prepared through a trans-

esterification process. HOME and JOME procured from the University

of Agriculture Sciences (Gandhi Krishi Vigyana Kendra–GKVK,

Bangalore). Equally mixed biodiesel (JOME+HOME) blends were pre-

pared and placed in a beaker. Initially, homogenized for 15 min by a

magnetic stirrer and 20 min with an ultrasonicator. Viscosity, specific

gravity, flash point, and calorific value of JOME, HOME, and mixed

biodiesel were determined as per the ASTM-D6751 standards. The

heating value of blends was obtained using a bomb calorimeter,

whereas density was measured using a hydrometer at 30�C.

The Redwood viscometer was used for kinematic viscosity at 40�C.

Pensky–Martens apparatus used for the flash and fire points

40–250�C. A wax appearance test was performed to obtain the cloud

point. The properties of diesel and biodiesels are compared in Table 1.

FTIR is used for examining compounds formed by the transesteri-

fication of jatropha and honge oil and biodiesel blend characteristics.

Biodiesels contain fatty acid methyl esters (FAMEs) with a carbonyl

group. The infrared spectrums were recorded in 3000–700 cm�1. TG-

DSC experiments were performed (with 10�C/min heating rate from

atmospheric temperature to 500�C) in the air using NETZSCH Make

simultaneous thermal analyzer- STA 449F3. Samples were analyzed in

an alumina crucible pan, performing T-zero calibration as well as

enthalpy/temperature calibration. Weight change with temperature

plots is referred to as thermogravimetric curves or thermograms. Fig-

ures 1 and 2 show the schematic of the TG-DSC system and

equipment.

Combustion characteristics of biodiesels examined in air. TG-DTG

curve in Figure 3 depicts stages of combustion and ignition tempera-

ture, Ti (which is the intersection of tangent lines at the beginning and

at Tmax ). At burnout temperature (Tb), 98% of conversion (α) occurs at

a single stage of the combustion process.

The conversion αð Þ at T is

αT ¼w0�wT

w0�wf
�100%: ð1Þ

Here, w0 and wf are weights at the beginning and end of combus-

tion. wT is the weight at T.

The ignition index Dið Þ and burnout index Dbð Þ are:

Di ¼ DTGmax

Tmax �Ti
, ð2Þ

Db ¼ DTGmax

ΔT0:5�Tmax �Ti
: ð3Þ

Here, ΔT0:5 is half the peak width of the DTG curve.

The combustion index (S) is:

S¼DTGmax �DTGmean

Tb�T2
i

: ð4Þ

Here,

TABLE 1 Properties of diesel and biodiesels.

Fuel

Calorific value

(MJ/kg)

Kinematic viscosity

@40�C (cSt) Cetane value Density (kg/m3) Flash point (�C) Pour point (�C) Cloud point (�C)

Diesel 44.22 2.87 47.8 840 76 �3 6.5

HOME 38.66 4.92 51 870 140 4.3 13.2

JOME 39.79 4.73 52 862.2 182.5 3 3

JOME+HOME 40 4.805 52 870.8 142 2 12

ATGUR ET AL. 3 of 10
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DTGmean ¼ β αTb �αTið Þ
Tb�Tið Þ , ð5Þ

and β is the heating rate. The combustion index (S) measures a fuel's

ignition, combustion, and burnout properties.43

The intensity of combustion Hfð Þ is:

Hf ¼ Tmax � ln
ΔT0:5

DTGmax

� �
�10�3: ð6Þ

A high value of the Ignition index Dið Þ and burnout index Dbð Þ and
a low value of the intensity of combustion (Hf ) represent faster reac-

tions between fuel and air/oxygen and therefore, higher energy

release rate and better combustion rate.

3 | RESULTS AND DISCUSSION

FTIR spectroscopy for HOME and JOME showed in Figures 4 and 5.

Stretching vibration resulted in two strong bands related to symmetric

and asymmetric vibrations of C H stretching at 2923 and 2853 cm�1.

The band at 1741 cm�1 indicated little variation in stretching vibration

due to the carbonyl group ( C O). The bending vibration of the CH2

and CH3 groups showed variations in strong peaks at 1435 cm�1. Due

to wagging vibrations of the CH2 group, HOME and JOME had strong

peaks at 1168 cm�1.44 The peak at 722 cm�1 indicated rocking vibra-

tions of C H groups.

FTIR spectra in Figure 6 showed equally mixed JOME and HOME

biodiesel. Strong bands of symmetric and asymmetric vibrations of

C H stretching resulted at 2923 and 2853 cm�1. A strong band at

1742 cm�1 indicated stretching vibration due to the carbonyl group.

Bending vibrations of CH2 and CH3 groups showed strong peaks at

1436 cm�1. Due to the wagging vibrations of the CH2 group, the

mixed biodiesel had a strong peak at 1169 cm�1. A peak at 722 cm�1

indicated the rocking vibrations of C H groups.

In the combustion phenomenon, HCs exhibited exothermic reac-

tions. DSC curve of diesel exhibited endothermic reaction at

37–96�C. In the endothermic region (evaporation zone), lighter frac-

tions of diesel heated up and occurred endothermic cracking reac-

tion.45 Maximum combustion temperature attained at 251.4�C with

an enthalpy of 130.4 J/g. Diesel consists of C5 C12 with a boiling

range of 190–375�C. High heat release with a premixed burning

phase during diesel combustion resulted in high thermal efficiency.

HOME, JOME, and mixed biodiesels exhibited endothermic processes

up to 119, 53, and 47�C. The peak temperature of combustion for

HOME, JOME, and mixed biodiesel are 294, 292.1, and 287.5�C,

respectively. Compared to diesel, biodiesel combustion rapidly occurs

due to oxygen content.46 High Cetane number of biodiesels leads to a

short delay in time, subsequently, more time taken to complete com-

bustion. Similar results have been observed by Mohammed et al.47

The range of Carbon numbers in HOME, JOME, and mixed biodiesels

are C14 C20, C12 C20, and C12 C18. The absence of arachidic and

behenic acids in mixed biodiesel reduced combustion duration and inter-

val compared to pure biodiesel. These obtained results are in line with

those of Chabane et al.48 and Nicolas et al.49 Figure 7 shows a compari-

son of DSC combustion curves. Table 2 gives the reaction region temper-

ature, peak combustion temperature, heat flow, and enthalpy.

Diesel molecules have different lengths and properties. Thermal

degradation of diesel takes place in two phases. The oxidation of ligh-

ter compounds takes place in the initial stage, followed by the forma-

tion of peroxides and other incomplete combustion products. This

behavior has been previously observed by Freire et al.50 in the case of

Jatropha oil. Diesel degradation takes place from 45 to 498�C within

47.7 min. Olefins, paraffin, naphthenes, and aromatics decompose

from 119 to 260�C.51 JOME is thermally stable up to 145�C. JOME

degradation takes place from 145 to 334�C. Key fatty acid

F IGURE 1 Schematic
representation of TG-DSC
experimental system.

F IGURE 2 TG-DSC instrument makes NETZSCH STA 449F3.

4 of 10 ATGUR ET AL.

 19447450, 0, D
ow

nloaded from
 https://aiche.onlinelibrary.w

iley.com
/doi/10.1002/ep.14199 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [04/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



components in JOME are 49% oleic acid, 22.5% palmitic acid, 12%

linolenic acid, and 5.5% stearic acid.52 HOME is thermally stable up to

150�C because of fatty acid content. Degradation of HOME takes

place rapidly beyond 210�C with steep curves up to 297�C.

The majority of the fatty acids in HOME are linoleic, oleic, and palmi-

tic acids (having decomposition temperatures of 240, 270, and

353�C). Fatty acids like stearic, behenic, and linolenic degrade above

300�C. Mixed biodiesel is thermally stable up to 167�C with an offset

F IGURE 3 Stages of combustion
in a typical TG-DTG curve.

F IGURE 4 FTIR spectroscopy
of HOME.

F IGURE 5 FTIR spectroscopy
of JOME.

ATGUR ET AL. 5 of 10
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temperature of 267�C. Compared to HOME and JOME, mixed biodie-

sel exhibited low reaction temperatures, indicating a faster rate of

burning within a shorter time interval. Three steps of decomposition

were observed for biodiesels: evaporation of methyl esters; decompo-

sition of mono, di, and triglycerides; and high carbon fatty acids (like

oleic, linoleic, and palmitic). These results are in accordance with the

previous studies of Jain and Sharma53 and Soto et al.54 Degradation in

the third step involves carbonization with minimum mass loss (3%),

decomposing alcoholic esters, fatty acids, and degradation residues in

the previous phase. The high viscosity of biodiesels leads to a slow

evaporation process and high thermal stability as illustrated by Peer

et al.55

TG profiles with temperature are in descending order due to the

volatilization of weak chemical bonds, molecular absorption, and

buoyancy. Figures 8 and 9 show TG and DTG curves for HOME,

F IGURE 6 FTIR spectra of equally
mixed JOME and HOME biodiesel.

F IGURE 7 Comparison of DSC combustion curves.

TABLE 2 Heat flow and enthalpy at peak temperature.

Sample

Reaction
region
temperature (�C)

Peak
temperature (�C)

Heat flow
(mW/mg)

Enthalpy
(J/g)

DIESEL 34–270 251.4 �1.851 130.4

HOME 119–442 294 �2.21 570

JOME 43–435 292.1 �4.727 321

JOME+HOME 42–390 247.7, 287.5 �4.512 240

F IGURE 8 Comparison of TG curves for different fuels.

F IGURE 9 Comparison of DTG curves for different fuels.

6 of 10 ATGUR ET AL.
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JOME, and equally mixed HOME and JOME biodiesel. The broader

DTG curve of diesel is due to numerous organic compounds during

decomposition.50,51 Table 3 gives the maximum decomposition tem-

perature for diesel, JOME, HOME, and equally mixed JOME and

HOME biodiesel. The decomposition reaction temperature slowed

down from 300�C for diesel. For HOME, JOME, and equally mixed

JOME and HOME biodiesel, the reaction becomes inactive beyond

360, 390, and 275�C, respectively. DTG curve for mixed biodiesel

confirmed rapid combustion with reduced peak temperature. JOME

indicated low onset temperature and high volatility. The high peak

temperature observed in the DTG curves suggests a lower reactivity

of the fuels. Similar findings have been reported by Concone et al.56

for the blends of Sugar cane biodiesel and diesel. JOME indicated less

reactive when compared to HOME and mixed biodiesel (JOME

+HOME). Mixed biodiesel (JOME+HOME) represented low decom-

position temperature and better reaction region temperature.57,58

Table 4 gives ignition temperature (Ti), burnout temperature (Tb),

DTGmax, and DTGmean. Table 5 presents the combustion characteris-

tics of biodiesels. Theoretically, the higher value of the ignition index

infers the fuel to be enriched with higher volatile matter content,

which is easily ignitable, as observed by Aich et al.43 The burnout

index provides the trend of the TG curve from the ignition point to

the maximum rate of weight loss point (98%). High burnout index

indicates better combustion reactivity.43 Significant mass degrada-

tion of HOME in the third stage leads to a high combustion index.

JOME decomposition involved high mass degradation in the third

stage and possessed high combustion index.59 Mixed biodiesel

exhibited a low end-set reaction temperature of 403.3�C and a low

offset temperature compared to pure biodiesel. Hence, the low

combustion index of mixed biodiesel possessed maximum decom-

position at 191.9 and 245.8�C. High combustion index indicates a

good combustion performance. A similar trend is noticed in the

studies of Tang et al.60

4 | CONCLUSIONS

Thermal analysis techniques such as TGA and DSC are valuable

methods for evaluating the thermal stability and combustion behavior

of biodiesel and its derivatives. These techniques can provide insight

into the stability of samples, which is beneficial for improving storage

conditions before subjecting them to engine testing. Additionally,

when blending biodiesel with diesel, the resulting sample may exhibit

unique properties that can be better understood through thermal

analysis. This article examines the thermal characteristics of diesel and

HOME, JOME, and equally mixed HOME, and JOME biodiesel by per-

forming TG-DSC analysis in air. Biodiesels showed three phases of

decomposition. The stability of biodiesel depends on fatty acids com-

position; high content of unsaturated fatty acids (susceptible to oxida-

tive degradation). From TG curves, the stability of samples is in the

following order JOME, HOME, equally mixed JOME and HOME, and

diesel. High content of oleic acid and linoleic acid in biodiesel

TABLE 3 Onset, offset, reaction region, and maximum temperature of biodiesels.

Sample Onset temperature, Te (�C) Offset temperature, To (�C)
Reaction region

temperature (�C) Maximum decomposition temperature, Tmax (�C)

DIESEL 128 265 40–280 184.5

HOME 210 297 108–498 274.2

JOME 146 334 140–490 277.3

JOME+HOME 167 267 126–403 191.9 and 245.8

TABLE 4 Ignition, burnout temperature, DTGmax, DTGmean, and Tmax of biodiesels.

Sample Ignition temperature, Ti (�C) Burnout temperature, Tb (�C) DTGmax DTGmean

DIESEL 128 283.24 7.92 2.43

HOME 278 445.96 13.46 2.69

JOME 220 470.02 8.44 2.09

HOME+JOME 126 360.28 13.28 2.784

TABLE 5 Combustion characteristics of biodiesels.

Sample
Ignition index, Di � 10�4

(wt % min�1�C�2)
Burnout index, Db � 10�6

(wt % min�1 �C�3)
Combustion index parameter,
S � 10�6 (wt % min�2 �C�3)

Intensity of
combustion (Hf)

DIESEL 3.35 3.35 41.6 0.467

HOME 1.77 4.025 82.28 0.321

JOME 1.43 6.87 77.74 0.591

HOME+JOME 5.49 5.722 64.6 0.379
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structure causes sensitivity to oxidation. Oleic and linoleic acid con-

tents in JOME are 41.8% and 32.2%, whereas 46% and 27.1% in

HOME. Mixed biodiesel represents low onset and offsets temperature

and high volatility resembling diesel characteristics with improved

properties. The peak temperature of combustion, enthalpy, ignition

temperature, and burnout temperature for mixed biodiesel was found

to be comparable with diesel. The ignition index of mixed biodiesel is

61% high when compared to diesel. The burnout index for mixed bio-

diesel is 58.54% high when compared to diesel. The burnout index for

mixed biodiesel is 29.7% high when compared to HOME and 20%

low when compared to JOME. The combustion index for mixed bio-

diesel is 36% high when compared to diesel, which follows the trend

of TG-DSC analysis results. High mass degradation in the second

stage indicates a high combustion index. Major mass degradation

occurred in the second stage (combustion stage) for JOME and

HOME. Therefore, they exhibited high combustion index when com-

pared to diesel and mixed biodiesel. However, in overall efficiency,

mixed biodiesel has a better intensity of combustion when com-

pared to JOME and HOME. The combustion process is expected to

occur smoothly and efficiently. High combustion index results in

hard burning in the engine. Mixed biodiesel can be used as an alter-

native fuel for combustion applications. Future research efforts

should focus on conducting TG-DSC experiments to investigate the

thermal properties of biodiesels at different heating rates under

nitrogen, argon, and oxygen environments.

NOMENCLATURE

B-20 biodiesel 20%, diesel 80%.

DSC differential scanning calorimetry

FAME fatty acid methyl ester

FTIR Fourier transform infrared spectrum

HOME honge oil methyl ester

JOME Jatropha oil Methyl Ester

TG-DTG thermogravimetry-derivative thermogravimetry
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