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Study of diesel with oxygenated fuel blends for
its prominence using high performance thin
layer chromatography

Kalil Rahiman M, Balakrishnan K, Venkatachalam R, Murugappan S, Santhoshkumar S

Abstract: Alternative fuel is found broad utilization in
compression ignition engines in terms of its decreased harmful
exhaust emissions. In the present work, tri-fuels namely diesel,
di-butyl ether and ethanol were blended in various proportions
and the resultant fuel blends were validated through high
performance thin layer chromatography (HPTLC). Eight
different fuel proportions were experimentally validated with the
chromatography by comparing with the diesel fuel. Qualitative
analysis of various fuel blends such as retention factor,
absorption unit, peak height and peak area were carried out
depicting the variations in the migration distances and
proportional concentrations of different individual components
in the tri-fuel samples. The chromatogram resulted from the
HPTLC were analyzed for its significance. The one-way ANOVA
test was performed to check the formulated null and alternate
hypothesis. The critical values for experimental wise error rate
lies between 3.28 for the significance value of 5% to 3.80 for
significance value of 1%.

Keywords: Oxygenated fuel; High Performance Thin Layer
Chromatography; Retention Factor; ANOVA.

l. INTRODUCTION

Fossil fuels plays an important role in the carbon-based
economical sources, whereas the substances originated have
been turn out from the inadequate natural resources.
Moreover, the increase in demand and supply of fossil fuels
is often unstable due to the rapid increase of world’s
population with improved standards of livelihood [1]. Diesel
as a hydrocarbon fuel contains 8-28 carbon atoms of derived
from the fractional distillation of crude oil between 200°C
and 350°C at atmospheric pressure. The worldwide
petroleum products consumption including diesel fuel
showed an increased fuel price, transportation vehicles,
depletion of petroleum resources are likely to cause their
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consumption to decline in classic industrial nations.
Continuing accumulation of greenhouse gases is considered
as another strong reason for the expansion in alternative
fuels [2, 3]. Renewable raw material components (bio-fuel)
blended with diesel fuel in low concentrations have been
reported by various researchers [4, 5] Alternative fuels
should be environment friendly, fulfill energy demands and
easily available at low cost [6, 7]. Employing ethanol as a
fuel shows potential alternative to fossil fuel, contributing
and substantially lowering the exhaust emissions by
decreasing the non renewable fuel usage [8, 9].

Biomass includes a wide range of energy resources which
comprises of energy crops, aquatic biomass, urban and
forest waste materials. Bio-derived solvents create a center
of attraction towards the energy demand in the recent years.
[10, 11]. Several researchers [12, 13] reported that the
addition of oxygenated compounds to diesel fuel improves
the lubricity, stability, combustion efficiency (by increasing
the Cetane number), miscibility and reduces the knock and
ignition temperature of particulates. The use of oxygenated
fuels such as ethanol or branched ethers resulted in the
decrease of carbon dioxide emission from vehicles has been
the focus for substantial consideration [14]. Ethanol has
cleaner burning characteristics, which reduce environmental
pollution, strengthen agricultural economy and is technically
feasible for diesel engines. Ethanol was deemed to be the
‘fuel of the future’ as stated by Henry Ford. The advantage
of ethanol is that it can be generated from renewable fuels
like biomass [15, 16]. The characteristics of Di-butyl ether
(DBE) are colorless liquid, immiscible, odor, flammability
and toxic. DBE is known as diesel Cetane enhancer (Cetane
number is 91-100) and is considered as a potential
oxygenated fuel. The oxygenated fuels with oxygen
components ranged between 12.3 and 53.3 wit%. The
oxygenated fuel with high Cetane number resulted in lower
particulate, smoke and NOx emission than a conventional
fuel [17].

Polycyclic aromatic compounds (PACs) identifies the
significant challenges for accurate quantitation which
signifies the poly-cyclic aromatic hydrocarbons (PAHS)
(nucleus and isomers) with aliphatic side chains containing
up to a total of four saturated carbons [18]. However, the
influence of poly nuclear aromatic hydrocarbons shows that
the reduction in di- and tri-aromatics reduces the emissions
of HC, PM, and NOx [19].
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Fuel blend quality and monitoring need to be important,
since the quality of natural products vary more vividly. The
high quality is secured with broad quality assurance and
prominence control measures. An extensive array of
meticulous instrumental system can be utilized in the fuel
property and its quality analysis [20, 21]. The octadecyl
silanized silica gel and acetylated cellulose TLC plates be
evidence for good selectivity in separation of aromatic
hydrocarbons. The better resolution of these mixture results
in less separation time using multiple development. The
response ratio determines the peak homogeneity as an
assessment of consistency in quantitative data [22, 23]. The
HPTLC plays an imperative role in analyzing the mixture
components. The major advantages are i) it requires very
small sample size, ii) results in better resolution, iii) spot
intensity and quantitative information, iv) accurate and
precision control function and v) computer assisted
performance. Invariably it endorses with superior separation
efficiencies, lesser analysis time, lowers the amount of
mobile phase with efficient data processing and acquisition
[24, 25].

Investigations were carried out on the detection profiling
of alternative fuel blends with suitable proportionate of
diesel, DBE and ethanol. The samples were tested using
HPTLC and the chromatographs were identified by the
peaks resulted at 254 pm ultra violet (UV) absorbing light
for polar compounds, aromatics and saturates. In addition,
the experimental results obtained for different fuel blends
were compared for their peak height, peak areas and
retention factors. Further, the mean and standard deviation
resulted with the performance measure and a one-way
analysis of variance (ANOVA) test determines the
chromatograph peaks in terms of absorption unit for
different fuel blends compared with reference diesel fuel.
From this feasibility study, it appears that there are
meaningful similarities and differences in connection with
diesel and the tri-fuel blends as a fingerprint data. When
elution pattern and inertness are both evaluated, it can be
observed that this study suggests that similar fuels such as
diesel, DBE, ethanol and its blends could be the better
options to be enhanced as a fuel.

1. EXPERIMENTATION

2.1 Materials and Methods

2.1.1. Samples

The fuel samples for various fuel blend combinations
chosen as tri-fuel blends, i.e. diesel, ethanol and DBE.
Diesel was purchased from the local petroleum sales outlet,
ethanol as the product of distilled fermented sugarcane
molasses wash was purchased from m/s Sakthi Sugars Ltd,
India. The analytical grade di-butyl ether with 99% purity,
n-hexane and n-butyl ethyl acetate were obtained from
Sigma Aldrich.

2.2 Sample Preparation

The fuel samples of diesel, ethanol and di-butyl ether
selected with different proportions and mixed thoroughly.
Ethanol was added with DBE as a co-solvent in various
proportions ranging from 0 to 100%, this in turn was
blended with diesel at different proportions. The major
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concern with the use of ethanol as a bio-fuel found
immiscible in diesel, resulting in fuel instability due to its
phase separation. However, this is because of its difference
in chemical structure and characteristics [26]. Conversely,
instability rivets the chemical conversion of antecedent leads
to higher molecular weight faction which tends to limited
fuel solubility with reactive compounds. The prevention of
this phase separation can be accomplished by adding DBE
as the co-solvent, which performs as the conduit through
molecular compatibility to create a homogenous blend. In
the experiments, stability of the fuel blends mentioned
above was determined by visual observation during a time
period of 48 hours post mixing. Each such blend sample was
found exhibiting different interfacial appearance and
different drop size when allowed to disperse on a glass slide.
From our laboratory observations, ethanol 25% and DBE
75% mixture, blending with any proportion of diesel found
to be stable, miscible and no phase separation. Further, it
was observed that increase in ethanol proportions resulted in
phase separation and immiscibility. Diesel when varied from
0 to 100% blended with ethanol 25% and DBE 75% (v/v)
were taken for analysis of fuels as tri-fuel blends in this
study.

2.3 High Performance Thin Liquid Chromatography

High performance thin liquid chromatography was used
to determine the mixture components and promotes higher
separation efficiencies, shorter analysis time, lowers the
amount of mobile phase, and efficient data acquisition and
processing. The different fuel combinations were analyzed
using HPTLC (CAMAG, Switzerland) as shown in Figure 1.
The windows CAMAG automated TLC software
(WInCATS) was used to process all the data facilitating
function of the automatic thin layer chromatography (TLC)
applicator and the post development processing of the TLC
plates for interpretations. The hamilton syringe of 0 to 10 pl
volume was selected for sample collection. The sample
volume of 6 pl was filled in the syringe and the quantity
requried was 4 ul for dosing spot and the dosage speed was
set as 150 nl/s. The syringe was cleaned every time with
HPTLC grade methanol after each sample dosage. N2 gas
with moderate pressure was applied for injecting the syringe
sample as spot layering. The chromotagraphy was
performed on TLC aluminium coated silica gel plate of size
10cm x 10cm (0.3cm, thickness). The sample spotted onto
the TLC plate is analyzed with spot band width of 8 mm
size and 8 number of samples preferred on a single plate
covering 64 mm as track width. The TLC plate developed in
a chamber containing eluting fluid, or mobile phase via
capillary action, carrying the analytes along with it. The
TLC plates were dipped appropriately in select solvent
system of n-hexane and n-butyl ethyl acetate with a volume
ratio of 92:8 (v/v) and a quantity of 20 mL filled in a twin
trough automatic HPTLC developing chamber for duration
of 20 min was used for separation of components in the
samples. The TLC plates were then dried thoroughly using
hand held mini air blower for 5 min.
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The spots developed on the TLC plates were detected and
identified using HPTLC scanner for UV reflectivity and
porosity. The developed TLC plate with bands for ethanol,
diesel and DBE and its blends were shown in Figure 2. The
scanning speed was 20 mm/s with a data resolution speed of
100 um/ step. The compounds present in the sample resulted
with dark spots on the green background. The silica gel
coated aluminum foil TLC plates was scanned for
chromatographic separation by using UV light with A = 254
nm. Moreover, the corresponding peak for different samples
obtained as 2D peak areas were taken up for qualitative
analysis.

Rf: 0.14

Rf: 0.13

Fig. 2 Developed TLC plate for various fuel blends.

Retrieval Number B10181282518/18©BEIESP
Journal Website: www.ijeat.org

47

International Journal of Engineering and Advanced Technology (IJEAT)
ISSN: 2249-8958 (Online), Volume-8 Issue-2S, December 2018

. RESULTS AND DISCUSSION

Petroleum hydrocarbons can be generally separated into
saturated, aromatic and polar compounds. Saturates found to
be the major hydrocarbons in crude oils, which comprises of
straight and branched chain structures (paraffin and
napthenes). A separation method indicating the profile of
blends helps in the prediction of suitability or adulteration or
contamination which helps in analyzing and identifying the
discrepancies  within  these  blends [27]. Liquid
chromatography (LC) is used extensively in characterizing
petroleum distillates (ASTM D20073 for saturates,
aromatics, and polar compounds) and diesel fuel (ASTM
D25494 for saturates and aromatics). Peaks from the sample
due to the solvents with the retention times were also
identified and analyzed from the mass spectral analysis [28].
Based on the observations mentioned above, the
investigations on qualitative analysis for the tri-fuel blends
were carried out. These investigations necessitate the
broader understanding of fuel blends in terms of qualitative
profiles and helps in identifying the specific profile of the
best miscible tri-fuel blend.

3.1
HPTLC

The composition of the prepared fuel blends was
determined based on the TLC analyses. In order to verify the
residues and to analyze the blended samples the HPTLC
technique was employed [29]. Thin layer chromatography
used silica gel coated aluminium plate and n- hexane and
butyl ethyl acetate as solvent mix to acquire rapid class
separation of saturates, aromatics, and polar compounds was
dealt by American Society for Testing Materials (ASTM)
D2007. This technique involves separating and detecting the
components of mixtures as efficiently as possible and it is
thus, capable of indicating a blend if used efficiently as fuel.
Hydrocarbon type analysis had been a preferred choice for
the characterization of fuel samples by separation of polar,
aromatic and saturate compounds. Diesel fuel was typically
composed of about 60 to 90 % saturated aliphatic and 10 to
40 % aromatics [30 - 32]. Since the change in the chemical
group in tri-fuel blends as envisaged in our experimentation
can determine the chemical properties and quality of the fuel
blends. Hydrocarbon type analysis executed as finger print
of tri-fuel blends through HPTLC attains significance. In our
work, HPTLC had been applied to reveal appreciable
differences in hydrocarbon types between various tri-fuel
blends employed in this investigation. HPTLC finger
printing could be completed in less than an hour for fuel
blends. The HPTLC quantification of different blends
signifies a quite realistic precision of 5 - 10% error for the
triplicate measurement of fuel blends. However, the
chromatogram signifies the Retention factor and its ability
to resolve the analytes [33].

Diesel fuels comprises of high indices in absorption with
the wave length of 0.4 pm and unleaded petrol in the range
0.66-1.215 pm. Diesel fuel contains various types or classes
of compounds, including paraffin’s, naphthenic, olefins, and
aromatics.

Detection and Visualization of Compounds using

D‘e“gineenhg

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://www.ijeat.org/

Study Of Diesel With Oxygenated Fuel Blends For Its Prominence using High Performance Thin Layer
Chromatography

The aromatics are cyclic hydrocarbon compounds, planar
compounds and the chemical behavior which comprises of
benzene, toluene, ethyl-benzene and xylene isomers. The
carbon atoms are alternately double bonded with one
another, e.g. benzene. The alkyl-substituted benzene
compounds such as polycyclic aromatic compounds
(PAC) and heterocyclic hydrocarbons contain PAC’s,
phenols, acids and alcohols [34, 35]. The compounds that
contain hetero atoms such as sulfur, nitrogen, and oxygen
are also present. Aromatics necessitate discussion because
(i) they have a consequence on the combustion quality of the
fuel, (ii) Typically, they are the only hydrocarbon type listed
in diesel fuel specifications and (iii) Increased amounts of
aromatics can have a negative impact on vehicle emissions.
It is well known that an increase in the total aromatics
content of diesel fuel have an adverse effect on the ignition
quality, i.e., CN of the fuel [20, 36].

From the analysis, the peaks were sorted first by percent
of the total peak area, calculated to identify the most
common compounds for each fuel. At this point, identified
compounds give the number of peaks and the percent of
total peak area calculated. In this instance, the mixture was
relatively easy to be defined by an upper and lower retention
time, so these compounds were included in the analysis. In
the TLC separations, the mobile phase is relatively non-
polar. However, the polar compounds will strongly retained
on the plate and non-polar compounds will move with the
mobile phase. Solvents in general are chosen with the
opposite polarity to the stationary phase, whereas the
relative retentions can be easily predicted. Based on the
relative polarity of compounds between stationary and
mobile phases, they will be retained on TLC plates. More
the polar compound, more it strongly retains on the
stationary phase [37]. Retention factor (Rf) refers to the spot
of the analytic band on the TLC plate. i.e. distance of the
analytic band from initial spot with respect to the distance to
the solvent. Absorbance Unit (AU) refers to the
mathematical representation for the loss of incident radiant
energy intensity (e.g., ultraviolet, visible, infrared) as it
leave behind the sample. It relates the concentration solution
of an analyte by its Beer’s law: A = ebC, where e is the
absorptive of analyte, b is the cell path, and C is the
concentration of analyte [38].

The important parameters which influences the
chromatographic separation within the mixture are partition
coefficient, retention factor and capacity factor (the ratio of
the retention time of the substance in the stationary phase to
that in the mobile phase) of the individual constituent on the
plate. The selection of mobile and stationary phase in the
solutes and plate height decides the separation efficiency in
addition to the individual constituent within a mixture [39].
The detection of chromotogram peaks using HPTLC scanner
for different fuel blends is presented in Figure 3. In the
experimental analysis of diesel fuel, the major peak
identified was saturates. The retention factor for the same
was found lying between 0.79 and 0.99. The peak height and
peak areas for saturates were 536.6 AU and 35531 AU
respectively. Polar compounds in the diesel resolved as
145.8 AU peak height and peak area 1383 AU. In case of
ethanol, the Rf lies between 0.03 and 0.98 and the same for
DBE, it was found lying between 0.05 and 0.97. The
resolved peak areas corresponding to the polar, aromatics
and saturate constituents for the different tri-fuel blends
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were determined. The diesel percentage decreased in various
fuel blends resulted with the proportionate decrease in the
corresponding peak heights and peak areas as depicted in
Figure 4 (a-d) and Figure 5 (a-d) as compared with diesel.

In addition, the boiling point of components of the sample
also plays a role in determining the retention time. Solvent
system of n-hexane and n-butyl ethyl acetate with a volume
ratio of 92:8 (v/v) was found to be resulting in detectable
changes between various tri-fuel combinations tried in this
study. Polarity is not a simple property, but rather a composite
of different physical properties. Scanning UV detector allows
the possibility of identifying chromatographic peaks either
from complete spectra or absorbance ratios at several
wavelengths. The number of separated peaks in a random
chromatogram is a function of the total peak capacity per unit
time. Therefore, extremely high values of the peak capacity
are required for the separation of complex samples. The most
important influence on the retention of compounds will be
their polarity relative to the stationary and mobile phases. The
more polar a compound is, the more strongly it will be
retained by the stationary phase [40, 41]. Saturates resolved as
the prominent peak in all the chromatograms for tri-fuel
blends with diesel proportion ranging from D20 BE8O to D90
BE10. Gradual decrease in diesel quantity in various tri-fuel
blends leads to corresponding decrease in peak heights and
peak areas of saturates in the tri-fuel blend peak profiles. The
decrease in peak area was more prominent between D50
BES50 and D40 BE60. As the diesel proportion decreased for
various tri-fuel blends, there was a decrease in peak areas of
aromatics and polar too, but the same remain less prominent,
when compared with the drop in peak area of saturates
between different tri-fuel blends. It was noticed that the
corresponding polar compounds attained slight prominence
by its peak height and peak area found to be the same for the
last three blends (D40 BE60 to D20 BE80). Addition of DBE
and ethanol in increasing proportion could have added to the
steady state of polar fractions in the last three fuel blends as
indicated by the peak areas. Table 1 indicates the combination
of tri-fuel blends and its peak area quantification. The peak
area of saturates varies between 85.68 to 33.53% for different
fuel blends. As the diesel proportion in the tri-fuel blends
decreases, it is found that saturates present in the fuel blend
decreases up to be 60.77%. The peak area percentage of polar
is 3.32% for diesel and attains the maximum of 23.19% for
D20 BES8O blend. Whereas there is an increase in 87.7% polar

and 76% for aromatics as compared to diesel.
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Fig.3 Chromatogram of diesel, ethanol and dibutyl ether.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijeat.org/

OPEN 8ACCESS

=3
>
=3

5 sw0] (@) D90 BE10 Sl (b) D80 BE20

=z <

— 400 =400

< =]

D 300 Saturat ‘© 300

E alrates 1 & Saturates
x

X~ 200

8 Polar g 2001 pojar

o 100 )

o

0
0.0

02 04 06 08 10 0 02 04 06 08 10
Retention factor Retention factor
600 600
S 50, (¢) D70 BE30 Sy, (d) D60 BE40
< <
%400 _*g;wo
© 300 ‘o0
v 200 22200
8 100 Polar Saturates 8100 Polar Saturates
[ o
0 N L
00 02 00 02

04 06 08 1.0 04 06 08 10
Retention factor Retention factor

Fig. 4 Chromatogram of D90 BE10 to D60 BE40 fuel

blends.
600 . . . 600
~. | (a) D50 BE50 5 |(b) D40 BE6O
D 500 Pd 500
SZ/ =
4+ 400 E 4004
< <)
[=)] =2
‘O 300 2 3001
ey
X
< 200 @© 200
o g
o Saturates i
100 Polar 1004  Polar Saturates
1A
0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Retention factor Retention factor
600 5 o0
2
2 ;0| (c) D30 BE70 2 40 (d) D20 BESO
~ -
£ 400 5, 400
<) g
S ®
2 300 £ 300
~ X
g 200 g 200
L o
o 100
100 Polar Saturates Polar Saturates
o0 0
00 02 04 06 08 10 00 02 04 06 08 10

Retention factor Retention factor

Fig. 5 Chromatogram of D50 BE50 to D20 BES8O fuel
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Table 1 Combination of tri-fuel blends and its peak area
quantification.

Tri-fuel blends in Peak area
Sl. Fuel
No. | blend volume percentage
percentage Polar Saturates
1. |D Base diesel 3.32 85.48
2. | D90 Diesel 90 with 2.84 83.92
BE10 | di-butyl ether 7.5
and ethanol 2.5
3. | D80 Diesel 80 with 3.32 79.82
BE20 | di-butyl ether 15
and ethanol 5
4. | D70 Diesel 70 with 3.32 77.96
BE30 | di-butyl ether
22.5 and ethanol
75
5. | D60 Diesel 60 with 3.73 77.66
BE40 | di-butyl ether 30
and ethanol 10
6. | D50 Diesel 50 with 6.11 76.29
BE50 | di-butyl ether
37.5 and ethanol
125
7. | D40 Diesel 40 with 13.67 42.05
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BE60 | di-butyl ether 45
and ethanol 15
8. | D30 Diesel 30 with 19.78 39.52
BE70 di-butyl ether
52.5 and ethanol
175
9. | D20 Diesel 20 with 23.19 33.53
BE80 | di-butyl ether 60
and ethanol 20

49

D - Base diesel, B - Di-butyl ether, E - Ethanol

3.1.1.  Statistical Analysis

The Statistical Package for Social Science (SPSS)
software package was used for HPTLC data analysis with
version 13.0 to determine whether the peak height in terms
of absorption units for ten different fuel and its blends were
statistically different from each other. Quantification
experiments of each HPTLC test were also viewed as
representing the performance and an alternative instrumental
technique for the considered samples. The analyte
quantification method employed by performing an
appropriate statistical analysis. A one-way analysis of
variance (ANOVA) is the most efficient parametric method
available for the analysis of data from experiments. The
one-way ANOVA test was performed to check the
formulated null and alternate hypothesis since the normal
distribution of treatment group means and homogeneity of
variances between means were satisfied [42]. The
descriptive statistics of peak height for various fuel blends
such as mean, standard deviation and co-efficient of
variance were computed and compared with diesel for its
performance measure is shown in Table 2. Similarly, by
using the fuel compounds as independent variables in
identifying the potential significant differences of polar,
aromatics and saturate constituents between the fuel blends.
The diesel chromotogram peak height attains the mean value
of 201.40 AU, standard deviation of 138.42 AU and 0.69
AU as co-efficient of variance. Ethanol and di-butyl ether
resulted in festering on the mean, standard deviation and co-
efficient of variance as compared with diesel. The averages
of mean, standard deviation and co-efficient of variance
values of different fuel and its blends were 60.77, 73.07 and
1.2 respectively. Diesel shows the maximum value among
the tested blends. From the analysis, the mean and standard
deviation of D90 BE10 blend had been reduced up to 50%
for diesel. However, it had significant reduction for ethanol,
di-butyl ether and different blends when compared with
standard diesel. The mean value for peak height in terms of
absorption unit is found declining when the percentage of
di-butyl ether in the blend was increased. Similarly for the
standard deviation follows the same trend.
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Table 2 Descriptive Statistics of peak height for various
fuel blends
Fuel Mean Standard Co-efficient of
blend deviation variance
D 201.40 138.42 0.69
D90 99.35 70.14 0.71
BE10
D80 104.07 52.88 0.51
BE20
D70 55.12 29.10 0.53
BE30
D60 35.74 21.05 0.59
BE40
D50 31.22 22.96 0.74
BE50
D40 21.10 10.02 0.47
BE60
D30 23.90 10.00 0.42
BE70
D20 29.58 9.19 0.31
BES8O
DBE 30.53 8.63 0.28
Ethanol 36.43 8.77 0.24
Total 60.77 73.07 1.20
3.1.2  Level of Significance

The chromatogram resulted from the HPTLC scanned
results were analyzed for its significance. A one-way
ANOVA test was performed to determine the
chromatograph peaks in terms of absorption units. The
preferred level of significance is identified as 5% and the
confidence level is 95%. “F” statistics was used as a test
statistics for the suggested analysis. The précis of one way
ANOVA resulted with sum of squares, degrees of freedom,
mean square, F test and P value is shown in Table 3. The
values show a dispersion or distribution about the mean, and
these distributions need to be characterized within the range
of acceptable control values. The source consists of
treatment and error values, in which the mean square values
were 150422 and 2648. The one way ANOVA results of the
peak height in absorption unit as a testing variable, gave
evidence to the results for the various blends as a factor. The
significance level found to be less than 0.05 and the
significant difference between the groups with a confidence
level is 95%. Therefore, the rejection of null hypothesis
exits and accepts the alternate hypothesis. This result clearly
states that at least one of the blends is significantly different
from the other blend. In order to explore further to reveal
which were the blends significantly different from each
other, Tukey simultaneous comparison t-values and
probability values were calculated. The differences exist
among the mean. However, the one-way Analysis of

variance  (ANOVA) procedure  provides multiple
Retrieval Number B10181282518/18©BEIESP
Journal Website: www.ijeat.org

50

comparisons of mean in order to identify the dissimilarity.
The mean value of each peak height with a 0.05 significance
level for different fuel and its blends were compared by one-
way ANOVA and post hoc Tukey's multiple comparison
tests. A significant p-value results from a one way ANOVA
test conclude that the differences considered to be
significant, if p < 0.05. Consequently, the alternate
hypothesis has been accepted.

Table 3 One way analysis

Source Sum of Degrees |Mean F test |P value
squares of square
freedom
Treatment |1,504,219 |10 150,422 |56.81 |9.19E-
78
Error 1,427,250 |539 2,648 - -
Total 2,931,470 (549 - - -

Null Hypothesis (H0): The absorption units of various
blends formed using diesel, ethanol, di-butyl ether are not
significantly different.

Null Hypothesis (H1): The absorption units of various
blends formed using diesel, ethanol, di-butyl ether are
significantly different.

In addition, the Tukey’s honest significant difference
(HSD) post hoc similarity technique be employed for the
analysis of significant differences between mean and the
principal component analysis (PCA) which resulted in
association of elemental components [43, 44]. This result
leads to the further analysis of Tukey simultaneous
comparison Test. To eliminate the ambiguity of the test
results, it was necessary to compute the Tukey’s HSD to
conduct post hoc tests. The studentized - range values was
below and there was no difference at a 5% level of
significance in their respective absorption unit. As a result,
the null hypothesis rejects and accepts the alternative
hypothesis. However, the one way ANOVA analysis with
5% significance level does not affect the absorption unit and
also indicates the statistical differences between the pair of
groups. Post Hoc test determines the specific pair/pairs,
which express the discrepancy. From the test results of
Tukey’s simultaneous comparison probability of t-value as
shown in Table 4, the statistical significance for diesel,
ethanol, di-butyl ether and various fuel combinations were
analyzed. There was a significant effect on peak height in
AU and the results were F (10,539) = 56.81, MSE = 2648
and p = 9.19E-78. Subsequent analysis using Tukey’s HSD
indicated that the absorption units were significantly
different. From the analysis, it is clear that the diesel
resulted as the major dominant factor for the fuel blends
D90 BE10, D80 BE20 and D70 BE30. In addition, the
blends of D60 BE40 to D20 BES8O resulted with ethanol as
the dominated factor. The blend D90 BE10 to D20 BE80
also had no statistical significance difference except D70
BE30 among the test blends.
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Table 4 Tukey’s simultaneous comparison probability of t-value

Blend =) | D40 D30 D20 DBE D50 D60 | Ethano | D70 D90 D80
l_' l BE60 BE70 BESO BE50 | BE40 | | BE30 BE10 BE20
\'\;Iaelir; 21.10 23.90 29.58 | 305 3122 | 3574 | 364 55.12 99.35 104.0
D40
BE6O 21.10
D30 0.27
gero | % | 0785
D20 0.82 0.55
BESO 2958 | 0.410 0.581
0.92 0.64 0.09
DBE 30,53 0.359 0.519 0.926
D50 31.22 0.98 0.71 0.16 0.07
BE50 ' 0.326 0.477 0.874 | 0.946
D60 35.74 1.42 1.15 0.60 0.51 0.440
BE40 ' 0.155 0.250 0.550 | 0.613 | 0.660
Ethano 36.43 1.49 1.22 0.67 0.57 0.51 0.07
I ' 0.136 0.224 0.506 | 0.566 | 0.612 | 0.946
D70 55,12 3.31 3.03 2.48 2.39 2.32 1.88 | 1.820
BE30 ' 0.001 0.002 0.013 | 0.017 | 0.020 | 0.060 | 0.070
D90 7.60 7.33 6.78 6.69 6.62 6.18 | 6.11 4.30
BE10 99.35 | 1.29 8.42 3.19 5.71 8.68 1.26 | 1.87 2.04
E-13 E-13 E-11 E-11 E-11 E-09 | E-09 E-05
D8O 8.06 7.79 7.24 7.15 7.08 6.64 | 6.57 4.76 0.46
BE20 104.0 | 4.88 3.48 1.58 2.93 4.55 769 | 1.17 2.53 0.646
E-15 E-14 E-12 E-12 E-12 E-11 | E-10 E-06
17.52 17.25 16.69 | 16.6 16.54 | 16.10 | 16.0 14.213. | 9.92 9.46
Diesel |201.4 | 1.01 2.11 9.68 2.67 5.56 6.85 | 1.43E- | 61 2.12 9.68
E-54 E-53 E-51 E-50 E-50 E-48 | 47 E-39 E-21 E-20

The box and whisker distribution plot for various
combinations of fuel blend is shown in Fig. 6 and Fig. 7.
From the distribution plot, it was evident that the blend
D90BE10, D8OBE20 were not significantly different from
each other but they were different from diesel. However,
diesel was considered as the reference fuel and the blends
were evaluated. From the box and whisker plot distribution
for D70 BE30 to D20 BES8O fuel blends, it was clear that the
di-butyl ether was significantly different from ethanol and
obviously ethanol was different from D20BE80, D40BEG0,
D30BE70, BE60, D50BE50, D60BE40, D70BE30 blend.
Moreover, di-butyl ether was significantly different from
D40BE60, D30BE70, D50BE50, D70BE30 and it was not
significantly different from D20BE80, D60BE40 blend. The
peak profile comparison for various fuel blends were plotted
in the Fig. 8 and the overall mean value in terms of
absorption unit was found to be 60.77. The blend D90 BE10
and D80 BE20’s mean values were more than the grand
mean value and other blend’s mean values were less than
the grand mean. The Post hoc analysis was carried out for
further analysis and the resulted Tukey simultaneous
comparison probabilities for pair wise t-tests values were
also tabulated. The Tukey simultaneous comparison t-
values, in which the mean peak height absorption unit
values were distributed in the ascending order from 21.10
AU (D40BE60) to 104 AU (D80BE20) with reference to
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diesel fuel. The critical values for experimental wise error
rate lies between 3.28 for the significance value of 5% to
3.80 for significance value of 1%. The mean values
compared between various fuel blends ranges between 0.09
(DBE and D20 BES80) to 17.52 (diesel and D40BE60) and
the consequences for the various fuel blends were tabulated.
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Fig. 6 — Box and whisker plot distribution of D90BE10 to
D80BEZ20 fuel blends.
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Fig. 7 Box-and-whisker plot distribution of D70 BE30 to
D20 BES8O fuel blends.
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