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Abstract: In the current era, thereisan increasing emphasison
green fuels for a clean environment. Authors in this work have
tried to devise an innovative method to optimize ultrasonic
production of biodiesel from used cooking oil, using composite
technigue combining Response surface Methodology and African
Buffalo optimization. In this research work, heterogeneous
catalyst Lithium doped CaO has been obtained from a new natural
source by high-temperature thermal decomposition of Musa
Balbisiana root ash and tested its Conversion efficiency for
conversion of waste cooking oil into methyl esters. It was observed
that the catalyst is really effective for the production of biodiesel
from even high Free Fatty Acid waste cooking oil. For
optimization of production parameters authors have used ABO
complemented with RSM to maximize the biodiesel production
yield. The maximum biodiesel yield of 96.67% was achieved using
ABO which is about 15% higher than provided by RSM which is
81.01%. The highest biodiesel yield of 96.67 % is obtained at 15:1
Molar Ratio with 3.5% catalyst wt. percent, 60 Degree C Temp. in
45 Minuteswith an error of 2.5% in yield prediction by ABO. The
work may be utilized by industries and researchers to use
ultrasonic reactors optimally to extract better biodiesel volumein
very short time instead of presently used slow mechanical stirring
tank reactors.

Keywords : African Buffalo Optimization, Biodiesdl, Lithium
doped CaO, Musa Balbisiana, Response Surface, Waste cooking
oil.

I. INTRODUCTION

Now a day, researchers are working on innovative ways

to efficiently produce alternate energy sources to fossil fuels
to reduce the pollution and dependency on already extinct
fossil fuel sources. [1] The fossil fuels have the advantage of
being safely stored underground for centuries and can be used
when over the ground sources may not be available in future
due to any natural catastrophe or man-made destruction of
over the ground energy sources. But these fossil fuel sources
are limited and are being consumed at a very fast rate which
might lead to the extinction of these resources in the next
hundred years.
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[2] Also burning of fossil fuel is causing a lot of Air
pollution in recent years. Due to all these reasons, scientists
have now started to look for some clean renewable alternate
for these.

Biodiesal is a viable and renewable aternative to fossil
fuelsasit can be generated from a variety of renewable plant
seed oils in sufficient quantity by all the countries and has
amost equal efficacy to fossil fuels with much-reduced
pollution through exhaust emissions. [3, 4] In this research
the authors have adopted a novel method of composite
Response surface and African buffalo optimization technique
for the optimization of Ultrasonic production parameters for
the conversion of waste cooking oil into its methyl esters.
Waste cooking oil isthe used frying oils collected from small
scale restaurants and hotelsin India. The Waste cooking oil is
either used for making soaps or is disposed off, for other
purposes and is available at cheap rates in the open market.
[5] The cost of biodiesdl is detrimental to its practical usage
and any reduction in the cost of the feedstock may increase
the extent of usage many times. [6] It has been observed in
the past research work that at least some of the consumables
involved in the production of biodiesel are non-renewable in
nature and biodiesel production is still not completely
renewable athough the vegetable oil feedstock can be
replenished back other components are still non-renewable.
Authors in the present work have tried to use all renewable
components for fast and efficient  Ultrasonic
Transesterification for making the whole biodiese
production process a, fast, completely sustainable and
renewable process. [7] In addition to feedstock which is
waste cooking oil, acatalyst used is also sourced mainly from
the renewable Musa-Babisiana root obtained from the
abundantly available wild banana species of Coastal India.
[8] Vegetable oils provide a renewable alternate to depleting
fossil fuels. Fossil fuel takes centuries to build up under the
earth and it is not possible to create fossil fuelsin ashort time
of a lifetime of a human being. Due to this, these are
generally considered non-renewable sources of energy.
Vegetable oils, on the other hand, have aso various
limitations like high viscosity and high fire-point. Vegetable
oils can't be used directly in present-day engines without
significant modifications. [9] There are many ways suggested
by past researchers to make vegetable oils more compatible
with conventional 1.C. Engine. Fuel properties can be
changed by mainly two methods therma and Chemical.
Therma methods involve the reduction of viscosity of
vegetable oils by preheating the oils to make them less
viscous or there are chemical means like dilution, pyrolysis,
microemulsion, and
transesterification.
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[10] Transesterification isthe most commonly adopted and
most efficient method to produce practically usable biofuel
for aconventional engine.

Transesterification can be performed by various methods
like mechanica stirring based catalytic processing,
microwave-assisted process, hydrodynamic cavitation, and
ultrasonication. [11, 12] Ultrasonication is amore aggressive
and fast process than other processes providing high yield at
high production rates.

In addition, to have different process technology
alternates, there are also many options for various kinds of
catalysts used for the Transesterification. Depending on the
characteristic properties of feedstock, various categories of
catalysts can be adopted for the production of biodiesel.
Homogenous and heterogeneous catalysts are used by
various researchers in the past and homogeneous catalysts
like NaOH, KOH, etc. have distinct advantages of Acidic
Catalystslike TiO, /SOy, ZrO,-Al,03, and SO42'/ZrO; Basic
Catalysts like CaO, CaO-MgO, MgO-ZnO, Na/SiO2, and
Li-CaO, Acid-Base Cataysts like BiyOs-LapOs, CaO-
La0s,, Montmorillonite KSF, Biocatalysts like Rhizopus
oryzae lipase, Novozyme, Lipozyme, Pseudomonas
cepacian, etc. have been successfully used by various
authors. [13, 14, 15]

The Biocatalysts are effective in providing high purity
biodiesel but the reaction rate is comparatively slow and
production time consumed per liter of production is high.
Many authors are now working to create a heterogeneous
catalyst. [16]The major parameters affecting the Biodiesel
production using ultrasonication are the kind of vegetable oil
used, the water content in the oil, the Free Fatty acid level in
the oil, Amplitude of vibration, Frequency of vibration,
Molar Ratio, Catalyst Quantity, Reaction Temperature and
Reaction Time. [17, 18]Preliminary screening experiments
were performed to shortlist the independent variables and
their ranges to minimize the number of experiments with the
most significant variables only. It was observed during
screening experiments that the probe type ultrasonicator
apparatus used has a very small range of variation in
frequency which does not lead to any significant impact on
the biodiesel yield. The remaining parameters were found to
be significant and were considered as the input independent
variables for the current research work.

RSM has been used for studying the behavioral impact of
process variables on Biodiesel yield and also to get the
optimized yield and corresponding values of process
parameters. [19] is an International reputed journa that
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[I. MATERIALSAND METHODS

Lithium Carbonate Anhydrous (AR), Methanol and
Hemmet’s indicators are procured from Sigma Aldrich.
Isopropanol (AR), H2SO4(AR), and Sucrose are procured
from High Media. KOH(AR) and silica gel Desiccant Grade
were procured from CDH Fine Chemicals India Ltd.

ABB Fourier transform-Infrared spectrophotometer
(FT-IR) MB3000 model was used to analyze biodiesel
Spectrum equipped with Horizon 3 software for peak
analysis and Thermo-Scientific TSQ 8000 Gas
Chromatograph - Mass Spectrometer was used to analyze the
ester composition and yield. Hammett indicators were used
for the qualitative measurement of the basicity of the
prepared catalyst as per the Henderson-Hassel bach equation.

X-ray diffraction (XRD) datafor calcined MusaBalbisiana
root ash and Li-CaO samples were collected on Panalytical’s
X’Pert Pro. All the above instruments were used at
Kurukshetra University, Kurukshetra.

All these instruments were used at Sophisticated
Analytical Instrumentation Facility at Punjab University,
Chandigarh.

A. Preparation and characterization of Catalyst

It has been observed from the past literature that CaO is an
effective catalyst for biodiesel production. [22, 23] In this
work a new method of catalyst preparation has been devised
in which, first, CaO has been obtained therma
decomposition of Musa Balbisiana plant root ash and later it
was doped with Lithium using the sol-gel processto increase
the basicity of the catalyst further. [8, 24] Lithium doped CaO
has been used for further processing of Waste cooking oil
into Biodiesel. It was seen that calcined Li-CaO remained
effective for up to 6 cycles.

Step by step methodology:

1. Root of Musa balbisiana tree was extracted and peeled
into thin slices.

2. The thin dlices of the root were dried in open sun to
remove the moisture for 15 days.

3. The dried dlices were burnt in open air and ash was
filtered and collected.

4, Ash characterization was done using SEM-EDX, FTIR
and TEM techniques to evaluate the composition.

5. Ash was calcined at high temperature of 450 Deg C in
the muffle furnace.

6. Later, high temperature treatment is given to the
calcined ash at 1100 Deg C.

High temperature treatment lead to the
thermo-decomposition of the ash content leaving behind the
powder with CaO as the most stable constituent at this high
temperature.

7. A suspension of 10 g of calcium oxide was prepared in
40 mL of deionized water, and to this 10 mL of agueous
alkali metal sdt solution (LioCOs) of appropriate
concentration, which is gtirred for 2.5 hrs, dried at 120
degree C and later on calcined in furnace at 450 degree C for
4 hrs. The prepared nano-catalyst was stored in vacuum dried
for further characterization and further use in the production

7. Characterization of catalyst was done using SEM, XRD
and other techniques to analyse the morphology and catalytic
behaviour of the prepared catalyst.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijitee.org/

OPEN aACCESS

7. Ultrasonicator was used for the production of biodiesel
using above mentioned catalyst.

8. RSM was used to get the optimized process parameters
and to study interactive effects of various variables.

9. Further the regression equation provided by RSM
analysis is used as objective function in African Buffalo
optimization technique to further enhance the optimum yield
of production.

10. After getting the predicted values of various factors,
confirmation experiments were performed using both RSM
predicted parameters and RSM ABO predicted parameters
values. Biodiesel quality was checked with FTIR.

B. SEM analysis

The SEM JSM 6100 model of JEOL has a resolution of
4 nm a 8 mm working distance and having a maximum
magnification capability of X 300,000.

Figure-2 SEM Images of Li-CaO catalyst with 4% and
5% doping at 3000X

The SEM image anaysis shows that the mixture of
triangular, ova and hexagona particles of average particle
size of 1.2 um which are actually an agglomeration of
much smaller sub-particles of sizein lessthan 100 nanometer
range.

C. XRD Analysis.
XRD shows that the powder is crystallite in nature.

XRD plots for Musa balbisiana Root ash
and Lithium doped CaO catalyst

LiCaO

l l Musa Balbisisana
Lt \M"h\.‘-w‘\_w‘“_’w_l _______ b

20 30 40 50 60 70
20

Figure-3 XRD Plotsfor Musa Balbisiana Root Ash and
Lithium doped CaO

Debye Scherrer eguation gives the crystal particle size of 60
nm which proves that the particle size shown in SEM is
actually an agglomerated form of smaller sub-particles and
the actual average particle sizeisin nano-sized range.

D. Biodiesel Production and optimization of theyield

Another objective of the research work was to optimize
biodiesel production parameters using Waste cooking oil. For
the production of biodiesel two-stage process of acid
esterification-base transesterification was used as the Free
Fatty acid content was very high in the waste cooking oil
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(1.65%). [25] Preheating of waster cooking oil for one hour at
115 Degree C removed traces of moisture and then oil was
filtered using 10 um cloth filter to remove suspended
particles. 200 mL of oil was alowed to cool to the desired
reaction temperature range and a mixture of H.SO, (catalyst)
and methanol was added in an appropriate quantity. [26] The
acid value of each withdrawn sample was observed and when
the acid value stopped varying then the reactants were further
transferred to separating funnel to allow separation in two
layers. [27] During this process major quantity of FFAs
convertsinto esters due to the reaction with Acid catalyst and
then the second stage transesterification was performed over
the upper layer oil and esters of the first stage. In the second
stage transesterification first methanol and Li-CaO catalyst.
[28] Sample was transferred to a separating funnel and then
allowed to settle under gravity for over-night. After the
reaction is completed, due to gravity separation, the glycerol
layer settles on the bottom and Biodiesdl being lighter settles
on top and catalyst settles as precipitate inside glycerol.
Optimization of production parameters was done using the
Central Composite Design (CCD) based RSM method, which
was applied using Design-Expert software.

E. Gas Chromatograph Technique (GC-MS) for
Biodiesel Yield evaluation

Ester yield was provided by GC-MS analysis and Ester
yield has also been calculated using the following equation

Yield = (Tota Weight of Biodiesel)/ (Total weight of
Vegetable oil).

The most accurate analytical method for determining the
quality of biodiesel and ester content in both the ASTM and
European standards is Gas Chromatography-Mass
Spectrophotometer. GC-MS is widely used to quantify
various components in products of transesterification. [20]
The GC has its own limitations because of the high time
consumed in preparing samples and analyzing the samples
but it has the unmatchable advantage of the precision of both
Qualitative and quantitative analysis of asample. [21]

Gas Chromatography was performed on
Thermo-Scientific TSQ8000 GCMS equipment equipped
with a split injection facility, a detector for flame ionization
and Thermo-Scientific Dionex Chromeleon Chromatography
Data System (CDS) software for precise evaluation of Ester
results. The MS part Uses Selected Reaction Monitoring
(SRM) to achieve lower detection limits. This mass
spectrometer comes paired with the TRACE 1300 GC Triple
Quadrupole for very precise detection capabilities of
compounds even in trace quantities also and it comes
equipped with automated sample handling.

[1l. RESULT AND ANALYSIS

A. RSM Analysis

To select the significant parameters Screening design was
used using Design expert software and, in this work, five
Independent variables Molar Ratio, Amplitude, Reaction
Time, Reaction Temperature, Catalyst Quantity were
selected out of six investigated and their impact on the
Biodiesel yield was studied. The independent variables and
their range are shown in Table 1.
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Table-1 Factorsand their range

Factor | Name Units Min. Max.

A Molar Ratio Moles Alcohol /Moles Qil 6 18

B Catalyst % of Oil wt. 0.5 5.0
Quantity

C Reaction DegC 45 65
Temp.

D Reaction Mins 10 50
Time

E Amplitude % 30 70

A table of Experimental design and corresponding actual
experimental and predicted yield values are shown in table
-2. Therandomized run of experiments helpsin overcoming
biases in Experimental setup and human operator. Planned
experimental design with the RSM approach aso helps in
minimizing the total number of experiments

Table-2 Experimental design with response values

Linear
Quadratic 654.95 5 130.99 99.79 |<0.0001 |Suggested
vs 2FI
Cubicvs 5.60 5 112 0.7612 | 0.6089 | Aliased
Quadratic
Residua 8.84 6 147
Tota 1.289E+05 (32 | 4027.78

The higher order model is only selected it provides for
variation not explained by the lower order model. Also,
two-factor interaction model containing additionally It can be
observed from the data available in table 3 that the linear
model containing Molar Ratio(A), Catalyst Quantity(B),
Reaction Temp.(C), Reaction Time(D), Amplitude(E) terms
i.e. A, B, C, D, and E may not be suitable. interactions terms
like AB, AC, AD, etc. till does not have significantly large
p-value. The total variability is best explained by the
guadratic model in the current research as a p-value < 0.05.

Run Factors Actual | Predicted| Residual| ~ Although the linear model also has a p-value<0.05 the
i c:éy o Te‘fﬁp N Ampﬁiu | Vied| Yied quadratic model has even more significant smaller p-value
Ratio |Quantity and higher F-value that's why the quadratic model is

1 112 128 155 |30 |50 69 6917 | -0170 | recommended in the present case. The cubic terms will not

2 |6 28 55 130 | 50 47 4741 | -0405 | @add significance to the model (p value=0.6089>>0.1) and

3 |9 16 60 [20 | 40 50 49082 | o1s1g | aso CCD isnot equi pped to handle cubi_c terms. _

4 |9 39 50 (20 | 40 51 5036 | 0.6402 | The table below provides the lack of fit values for various

5 |12 |28 55 [10 | 50 55 5524 | -0.238 | modelsand it has been observed that the lack of fit value for

6 |9 39 60 [40 | 40 65 65.86 | -0.859 | the quadratic model is higher than 0.1 and all other models

7 112 |28 55 |30 | 70 72 7274 | -0.738 | havelower P-Vaue than quadratic. The quadratic model acts

8 |12 |28 |65 |30 |50 66 65.74 | 02614 | asthe whole equivalent including lower order linear and 2FI

9 |15 |16 |60 |20 |60 62 6165 | 03485 | terms too. Table-5 below shows the R2 values and their

10 |12 |28 |45 |30 | %0 59 6024 | -124 | modified forms Adjusted and Predicted R2. Predicted R2 in

E ;2 i'g Zg 4318 28 Zg 5924 | -0238 | he quadratic model (0.8947) clearly stands out largest among

ERER 2' 5 = T30 5 % gg'i‘; 0812'82 all models to suggest the selection of the quadratic model.

TRET 3'9 = a0 120 &8 67' 02 0. 1818 Higher predicted and adjusted R2 and lowest PRESS value

511 |28 5 130 |50 = 917 153 clearly affirm the suitability of the selection of the Quadratic

16 |15 |16 |50 |40 | 60 72 7115 | osdgs | mModel. Tabled: Lack of Fit table

17 |18 |28 |55 |30 |50 54 5457 | -0.572 - !

18 |12 |28 |5 |30 |50 68 69.17 | -117 | |Source Sﬁ‘dg‘rg df S'zqﬂu?rne Fvalue | p-value

19 [15 [39 [50 [20 |60 56 5644 | -0.443 _

L 1110418 | 21 2.87 | 49. .0002

20 |12 [50 |5 [30 |50 72 71.41 | 05947 e 018 %28 96| 0000

21 | 9 3.9 60 [20 | 60 56 5623 | -0.234 2F 664.05 | 11 60.37 | 56.60 | 0.0002

2 19 16 50 |20 | 60 62 6194 | 0.0568 | | Quadratic 911 | 6 152 | 142 03579 |Suggested

23|15 [39 |60 [20 |40 65 6532 | -0.318 _ .

21T 116 Teo Ta0 T20 = sa08 | 0276 | Cubic 350 | 1 350 | 328 | 01298 | Aliased

25 |12 [28 |5 [30 |50 69 69.17 | -0.170 | |PureError 533 | 5 1.07

T B > 2252 0618 | Table-5 below shows the R? values and their modified forms

5 1o 28 &= Te0 50 - 572 _(') -s5| Adjusted and Predicted R?. Predicted R? in the quadratic

29 | 15 3'9 50 T20 T 60 8l 80' YR 5'568 model (0.8947) clearly standsout largest among all modelsto

30 15 16 50 120 [ 0 5 43:78 > | suggest the selection of the quadratic model. Higher

31 19 139 150 140 60 62 6173 | 02652 | Predicted and adjusted R? and lowest PRESS value clearly

32 | 12 28 55 30 | 50 69 69.17 | -0.170 affirm the S_;I;?)ﬁ)l'léy (l\)/lf tf&zsgluectlon of ge Qu_adratlc model.

e-5: Mo mmary Statistics

The Sum of square table-3 shows the variability depending | Source | Sid. | R* |Adjusted |Predicted| PRESS

. . 2 2

on the corresponding degree of the polynomial. The — D:‘;S —_ 0R4112 0':482 s

polynomial level having the least P value should be chosen tnear " ' . ' '

for the particular model. 2FI 647 | 0.7036 | 04258 | -0.7254 | 3897.21

Table-3: Sequential Model Sum of Squares Quadratic] 1.15 | 0.9936 | 0.9820 | 0.8947 | 237.90|Suggested
Source Sum of df Mean F- p-value Cubic 1.21 | 0.9961 0.9798 | -0.6861 | 3808.49| Aliased
Squares Square value

Meanvs |1.266E+05 |1 |1.266E+05

Total
Linearvs | 114321 |5 | 22864 533 [0.0017

Mean

2FI vs 44613 |10 | 4461 107 [0.4384
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Test of significance using ANOVA was performed which
predicted the regression equation relation for response and
input variables and it was observed that the mode is
significant and lack of fit is not significant. [29]

Astabulated in Table 6, by comparing the different F-values
and P-values of various possible regression equation terms,
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Predicted R? has shown further improvement from 0.8947 to
0.9363 after the backward elimination in the reduced
guadratic model as shown in the Fit statistics in Table-8.
Adequacy precision increases to 40.9378 from 39.5056.

Table-7: ANOVA for Reduced Quadratic model for

the quadratic model was observed to be significant for the Biodiesel yield
given response, Biodiesel production yield. Source Sumof | df | Mean |F-value | p-value
The mathematical regression model for biodiesel yield from Squares) | Square
experimenta| data was obtained as The Mode F-value of Model 2241.15| 18 {12451 | 92.15 |<0.0001 | significant
85.49 implies the model is significant. P-values less than A-Molar Ratio | 77.04 | 17704 |57.02 |<0.0001
0.0500 indicate model terms are significant. Inthiscase A, B, [B-Catalyst Quantity] 117.04 | 1 [117.04 | 86.63 |<0.0001
C,D,E AB,AC,AD, AE, BC, BD, BE, CD, A?, B2, C2, D?, | C-ReationTemp.| 4538 | 1 |45.38 | 3358 |<0.0001
E? are significant model terms and there is no significant  ["p_Reaction Time | 630.37 | 1 |630.37 |46656 |< 0.0001
interaction between CE and DE (C-Reaction Temp. and E-Amplitude | 27338 | 1 27338 |202.33 |<0.0001
E-Amplitude; D-Reaction Time and E-Amplitude). The AB 15556 | 1 [11556 | 8553 1<0.0001
Lack .of Fit F—\(alue of 1.42 implies the Lack of Fit is not Ac 206 113306 2247 00003
significant relative to the pure error.
AD 756 | 1] 756 | 560 |0.0342
. . AE 3306 | 1[3306 |24.47 |0.0003
Table-6 ANOVA for Quadratic model for responseyield
BC 105.06 | 1 [105.06 | 77.76 |<0.0001
Source Sumof | df Mean F- p-value
Squares Square |value BD 1056 | 1[1056 | 7.82 |0.0151
Model 2244.28| 20 | 112.21 | 85.49 |<0.0001 | signifi BE 1556 | 111556 | 8558 |<0.0001
. . X <0.
° significant D 2256 | 1|2256 |16.70 | 00013
A-Molar Ratio 77.04| 1| 77.04 | 58.69 [<0.0001 Az 50606 | 160606 22857 |<0.0001
B-Catalyst Quantity| 117.04| 1 | 117.04 | 89.16 [<0.0001 B2 873 | 11873 | 646 00246
C-Reaction Temp. 4538 1 | 4538 | 3457 | 0.0001 C2 70.06 1|7006 |51.8 |<0.0001
D-Reaction Time 630.37| 1 | 630.37 (480.22 |<0.0001 D2 24.85 1 |2485 | 18.39 | 0.0009
E-Amplitude 273.38| 1 |273.38 {208.26 [< 0.0001 E? 1856 | 11856 | 1374 | 0.0026
AB 11556 1 | 11556 | 88.04 < 0.0001 Residual 1756 |13 | 1.35
AC 33.06 1 33.06 25.19 0.0004 Lack of Fit 12.23 8 1.53 143 0.3596 ) I’lOt
significant
AD 756 1 7.56 5.76 | 0.0352 Pure Error 5.33 51| 1.07
AE 33.06| 1| 3306 | 25.19 | 0.0004 Cor Total 225872 | 31
BC 105.06| 1 [105.06 | 80.04 |<0.0001
BD 1056 1| 1056 | 8.05| 0.0162 Table-8: Fit Statisticstable
BE 11556| 1 | 115.56 | 88.04 |< 0.0001 Std. Dev. 116 | R 0.9922
CD 2256 1| 2256 | 17.19| 0.0016 Mean 62.91 | Adjusted R? 0.9815
CE 156 1| 156 | 1.19| 0.2986 CV.% 1.85 | Predicted R2 0.9363
DE 156 1| 156 | 1.19| 0.2986 Adeg. Precision 40.9378
A2 606.06] 1 ]606.06 |461.70 |<0.0001 Yield=+69.17+1.79* A+2.21* B+1.37* C+10.25* D+6.75* E+2.69*
B2 873 1 873 | 6.65| 0.0257 A*B+1.44* A*C+ 1.38*A*D +2.87*A*E +2.56*B*C +1.63*B*D
o 7006] 1| 70.06 | 5337 |<0.0001 -5.38* B*E-2.37* C* D+0.6250* C* E +1.25D* D*E -4.55* A*A
- *R*R_ * - k N)* - o =
D2 2485 1| 2485 | 1893 | 0.0012 0.5455*B*B-1.55"C*C -3.68"D"D-3.18"E"E (1)
. The equation-1 in terms of coded factorsis generally used for
= 1856 1| 1856 | 1414 00032 making predictions about the response for a given factor
Residual 14441111 131 vaue and to assess the relative impact of the various factors
Lack of Fit 911 6| 152| 142 03579 | not based on their coefficients. The equation-I1 of actual factors
significant|  can be used for making predictions for given levels of each
Pure Error 533 5| 107 factor but cannot be used to analyze the relative impact of
Cor Total 2258.72| 31 each factor asthe coefficients are adjusted to include the units

Now Backward elimination method was adopted to remove
the least-significant terms from the analysis and thus new
ANOVA table is obtained as shown in table-7.

The model is till significant with a much lower corrected
total value. [30]

The Sum of sguares is Type IlIl — Partial. The Model
F-value of the reduced model is 92.15 much higher than the
earlier model with an F-value of 85.49. Higher F-value with
P-Value less than 0.05 implies the reduced model is more
significant.
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of each of the factors.

Yield=-130.69718+2.17445* Mol ar_Ratio-20.50000* Catalyst_Quantity
+5.07222*  Reaction_Temp. +1.74116*Reaction Time +0.777399*
Amplitude+0.796296* Molar_Ratio* Catalyst_Quantity+0.095833*Molar_R
atio* Reaction_Temp.+0.022917*Molar_Ratio* Reaction_Time+
0.047917*Molar_Ratio* Amplitude+0.455556* Catalyst_Quantity
*Reaction_  Temp.+0.072222*  Catalyst Quantity  *Reaction_Time
-0.238889* Catalyst_Quantity* Amplitude-0.023750* Reaction_Temp.*
Reaction_Time-0.023750* Reaction_Temp.* Amplitude+

0.003125* Reaction_Time* Amplitude-0.505051 *Molar_Ratio*
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Molar_Ratio-0.430976* Catalyst_Quantity*  Catalyst_Quantity-0.061818
*Reaction_Temp.* Reaction_Temp.-0.009205* Reaction_Time
*Reaction_Time-0.007955* Amplitude * Amplitude

-(2)

Yield (%)

337

11
B: Catalyst Quantity (% of Oil wt) 70 A Molar Ratio (Moles Alcohol /Moles Oil)

23
16¥9

Figure:4 Interaction of Molar Ratio and Catalyst
Quantity on the Biodiesel yield

The interaction of yield with Molar ratio and catalyst weight
shows that the yield increases with catalyst quantity at a
lower molar ratio at alower rate than at a higher molar ratio.
Also, there is no significant increase in the yield with an
increase in the molar ratio at lower catalyst weight while
there is avery significant increase in the yield obtained with
an increase in molar ratio at higher catalyst quantity. Thisis
due to the catalyst gets dissolved easily in higher alcohol
quantity and can work more effectively to provide a higher
yield.

=]

| = <~
12

.

- 11
C: Reaction Temp. (Deg C) 52 \ 10 A: Molar Ratio (Moles Alcohol /Moles Oif)
5079

Figure:5 Interaction of Molar Ratio and Reaction
Temperatureon the Biodiesd yield

Yield (%)

3

Interactive effect of Molar ratio and Reaction temp. with
Biodiesel yield are shown above. The biodiesd yield is
increased at a higher rate on a higher molar ratio than at a
lower molar ratio. Also, the biodiesel yield increase is higher
at higher reaction temperature but the yield is not increasing
significantly at alower temperature range.
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Yield (%)

Figure:6 Interaction of Molar Ratio and Reaction Time
on the Biodiesel yield

Fig. 6 shows that the yield increases with an increase in
reaction temperature at a faster rate when the higher quantity
of catalyst is added but there is no significant increase at
lower catayst amount. Similarly, yield increases
significantly at higher temperatures but the increase is not
significant at lower temperatures.

Theincrease of molar ratio leadsto higher yield increase with
higher reaction time but the increase is not significant at a
time less than 15 minutes. Yield increases significantly with
reaction time both at lower and high molar ratios. Yield
increases at a higher rate with the molar ratio at a higher
amplitude. Similarly, the yield increase is higher at higher
molar ratios with an increase in amplitude. Yield increases
with an increase in reaction temperature at a faster rate when
the higher quantity of catalyst is added but there is no
significant increase at lower catalyst amount.

Yield (%)

Figure:7 Interaction of Reaction Temp. and Catalyst wt.
on the Biodiesel yield

Similarly, yield increases significantly at higher temperatures
but the increase is not significant at lower temperatures.
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Yield (%)

30 28

22

D: Reaction Time (Mins) B: Catalyst Quantity (% of Oil wt.)

10716
Figure:8 Interaction of Reaction Time and Catalyst
Quantity on the Biodiesdl yield

Thereisasharp risein yield with reaction time even at lower
catalyst amount. The increase further enhances at higher
catalyst weights. The biodiesel yield increases with an
increase in catalyst quantity but the rate of increaseis more at
higher reaction time and is lower at smaller reaction time.

Yield (%)

39

28

E: Amplitude (%) 22 B: Catalyst Quantity (% of Oilwt)

30716
Figure:9 Interaction of Amplitude and Catalyst Quantity
on the Biodiesel yield

The yield rises sharply with increasing amplitude at smaller
catalyst weights but adding more catalysts at high amplitude
actually does not lead to any significant effect on yield. At
lower amplitude, the increase rate of yield with the catalyst is
higher in comparison to at higher amplitude.

Yield (%)

30

D: Reaction Time (Mins)

10750
Figure: 10 Interaction of Reaction Temp. and Reaction
Timeon the Biodiesel yield
The increase in reaction temperature and reaction time leads
to significant enhancement in biodiesel production yield. The
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yield increases with reaction temperature but increasing
reaction time will not have any significant enhancement in
the yield because in the Ultrasonic transesterification due to
vigorous stirring the maximum conversion takes place in the
first few minutes only and thereafter more time of reaction
will not have provided any further improvement in yield.

Table-9: Solution Table Based on Desir ability index

No. |Molar |Catalyst| Temp.| Time Amplitudg Yield Desirability|
Ratio Quantity|

1|14.88| 3.875 | 59.7 | 50.00 69 [8313| 0719 |Select
2 (14.79| 3.875 | 59.5 | 50.00 69 [83.12 0.719

3 [14.95| 3.875 | 59.9 | 50.00 69 [83.12 0.719

4 114.81| 3.875 | 59.4 | 50.00 69 [83.12 0.719

5 (1496 | 3.875 | 59.7 | 49.97 69 [83.12 0.719

6 (14.87| 3.871 | 59.8 | 49.99 69 [83.11 0.719

7 |14.87| 3.875 | 59.1 | 50.00 69 [83.11 0.719

8 [14.86| 3.875 | 59.6 | 50.00 69 [8310| 0.718

9 [14.76| 3.875 | 59.5 | 49.93 67 [83.05| 0.718
10 (1450 | 3.875 | 59.9 | 49.99 70 [83.05| 0.718

B. Result Validation

The confirmatory experiments were performed five times to
ascertain the legitimacy of the predictions in the model and
their average is taken as the actua yield. The confirmatory
experiments performed with optimum factor values and
predicted and actual yield is shown below in the table.

Table-10 Confirmation experiment parametersand Yield

Response Yield
Molar Ratio (Alcohol /ail) 14.88
Catalyst (wt. %) 3.875
Temp. (Deg O) 60
Reaction Time(Mins) 50
Amplitude(%) 70
Predicted Yield(%) 83.13
Actual yield (%) 81.01
Error(%) 2.62

C. GC Profile of Biodiesal

Gas Chromatography was performed on Thermo-Scientific
TSQB8000 GCMS equipment. The column was TG5MS a
30.0 m x 0.25 mm x 0.25 um capillary column with highly
pure helium gas being used as the carrier gas. Injector and
detector temperature were 250°C. Mass Spectrophotometer
condition during analysis are; ion source temp: 200°C,
interface temp: 240°C, scan range: 40-700 m/z, total run
time=57.10 Min. Thetotal ester content found is shown in the
table-11.
Table-11-GC Profile of the biodiesel

S. |Retention | Nameof theesters FAME's | Molecular
No. time % Formula
Tetradecanoic acid,
L 8272 12-methyl, methy! ester, 1.34 CieH0,
Tetradecanoic acid,
2 3817 | 10,13-dimethyl, methyl 2954 | CyHuO,
Heptadecanoic acid,
3. 40.43 methyl ester 113 CigH30,
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4 | a2u i}g:gﬁﬁfgﬁm ¢ 1177 | CuHuO;
5 | 4326 ig%?dgg‘dc Cd@): | 1904 | CioHsOs
6 | 435 Tgprfe‘zﬁ;f‘_”nﬁg’rfﬁ ¢ 519 | CuHxO:
7 | 4368 i}jﬁgﬁ/‘fgﬁ”"i ¢ 391 | CiHuOs
8 | 4645 izorf;?j‘rj(;&x‘;”ﬂq‘;;‘; & oo | 192 | CuHx0;
9 46.66 #ttﬁ'ﬁoge‘r"c adid, 133 CatHacO2
10 | 4724 Eﬁ‘;ﬁi‘ﬂg@?;ﬂa 248 | CyHz0,
11 51.35 Ej;o%noic acid, methyl 3.12 CasHacO,
12 | 5697 ;‘gﬁ;";"e‘?ic add, 113 | CuHxO:

D. FTIR for Biodiesal

FTIR of Waste cooking oil biodiesel was performed using
ABB MBR3000 FTIR before confirmation experiments to
evaluate the quality of biodiesel. The Ester group presence

was reflected by peaks at 1743 cm* and 1465 cmr.

FTIR SPECTROGRAPHFOR WASTE

s COOKING OIL
§ 10
5 105
Z 100
£ o5
g 90
g 85
= &0

75

500 1000 1500 2000 2500 3000 3500

WAVENUMBER (CM-1)

Figure-11 FTIR of WCO biodiesel

E. Biodiesel Production Yield enhancement
African Buffalo Optimization

The optimized yield level of 81.01 % obtained by the RSM
approach was economically viable but to make it sustainable
in long term we can further improve the yield of production
bringing non-required byproducts to their minimum possible
level. There are many nature-based algorithmic approaches
used by various authors like Neural network, PSO, GA, etc.
[31] Most of these techniques have certain limitations like
complex fitness function, poor search space exploration,
premature convergence, and large computing power
requirements. [32, 33]

Also, the precision is dependent on user-dependent
parameters. African Buffalo Optimization technique devised
by Odili and Kahar in 2015 provides an effective algorithm
without all these limitations, still maintaining a real good
accuracy level. [34] Thisalgorithm is based on the intelligent
behavior of wild buffalo with symbiotic support and grazing
area search capabilities of the African buffalos. [35]

The agorithm is based on the three features of wild
African buffalo, Good memory, peculiar sounds of ‘Waa’
and ‘Maa’ to communicate about danger or safe grazing areas

using
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and a sort of voting in a group whenever a dispute arises
between the leader and group members.

ABO agorithm used in the present work initializes the
Production  parameters like  Amplitude, Reaction
Temperature, catalyst quantity, reaction time and molar ratio
to gather the yield at different values of parameters. After
getting theyield at different values of production parameters,
the predicted values of yield are stored in the memory. This
updates the process and this process maintains until the whole
of the catalyst and ail is exhausted. In each iteration, it will
store the output in the memory and finally, it compares the
predicted yield and time and finally produces the optimized
output. The principal behavior is used to empower the
buffalos to maintain up the track of their courses through a
large number of kilometers. These three behaviors are
considered as the African buffalo improvement. The ‘maaa’
sound of buffalo (p=1,2,3,...N) is represented by m, and
‘waaa’ sound of buffalo is denoted as wy. The movement of
buffalo is determined using an equation.
My =My + llxl(rgmﬂx.;t - Wu) + lzxz((rpmax..u - Wu) 3

where wy and m, represent the respective exploration and
exploitation moves respectively of wun buffalo (n=1,2,3...N);
I+ and I are learning parameters, rgmax, denotes the best
fitnessof theherd and rpmax, denotesthelocation of the best
individual buffalo in the herd, x_1 and x_2 are random
numbers from O to 1. [36]

Stepl. Objective Function is defined by the regression
equation provided by RSM analysis.

Z=ao + B0 ¥+ B 0 Y+ B X iKY @
Step2. Initialize the Biodiesel production parameters with
imposed constraints over their ranges as used in the RSM
(equivalent to buffalos) randomly to nodes at the search space

Step2. Update the Production parameters (buffalos’
exploitation) using equation (1)

Step3. Refresh the Production parameters (next location of

buffalos p in relation to rgmax, @A Fpmax, USING the

following equation

wﬂ+1L;m” (5)

Where 1 is arandom number

Step4. If rgmar,. iSTefreshing then go to 6. If Not, then go to
step 2.

Step5. Validate stopping criteria. If it is achieved, go to 6,
otherwise, return to Step 3

Step6. Output best solution for optimized yield. Perform
confirmation experiments using the optimized production
parameters. Evaluate the error between Predicted and
Experimental yield results. Now compare it with the yield
achieved using RSM.

Here, this algorithm initializes the production parameters
and also to gather the yield at different values of input
variables. After getting the yield at different catalyst
amounts, the predicted valuesliketimeand yield are stored in
the memory. This update process maintains until the whole of
the catalyst and oil are exhausted.
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In each iteration, it will store the output in the memory and

finally, it compares the predicted yield and time and finally
produces the optimized output.
The Biodiesal yield actually obtained by the Hybrid approach
of RSM with ABO was more precise and near to prediction
and was 15.66 percent above the Biodiesel yield obtained by
RSM done.

Table-12 Comparison of predictions and
corresponding actual yield by RSM and RSM-ABO

RSM RSM-ABO
Molar Ratio 14 15
Catalyst (wt % ) 38 4
Temp. (°C) 60 65
Time (Mins) 50 55
Amplitude (%) 70 65
Yield (%) 83.13 98.3
Actual Yield (%) 81.01 96.67
Error (%) 2.55 154

V. CONCLUSION

The present research work was targeted towards devising a
novel way to use heterogeneous catalyst Li Doped CaO from
a new source with a new route for Biodiesel production and
evaluate the effectiveness of ABO along with RSM for
Optimization of Biodiesel production yield. The following
conclusions are drawn after completion of the research work:
1. Through this work authors have proved that fast
production of active CaO nano-catalyst can be done by the
thermo-decomposition of root ash of wild banana species
Musa Balbisiana Colla Root ash

2. Lithium doping in CaO improves the basicity of the
catalyst resulting in a better catalytic action leading to high
yield of biodiesel production up to 96.67 percent even with a
High FFA Waste Cooking oil. The catalyst was characterized
using various effective analytical techniques and the catalyst
could be reused effectively for 6 cycles without losing its
catalytic efficiency.

3. Interactions effects of various process variables on the
Biodiesel yield have been evaluated between various
parameters were analyzed using RSM and it was observed
that the process parameters not only significantly affect the
Yield of Biodiesel production but aso have unique
interactive behavior between the independent variables.
Analysis of the regression equation did aso provide the
information that the relatively most impactful independent
variables among all these is the Reaction time and Molar
Ratio which have larger coefficients of 1.74116 and 2.17445
in comparison to the other independent variables.

4. It was observed that the optimum yield of 96.67 % was
obtained at 15:1 Molar ratio, 4% catalyst quantity of oil
weight at an amplitude of 65% and Time of 55 minutes. The
yield obtained as per the predictions by the ABO algorithmis
about 15.66% higher than RSM. It proves that ABO along
with RSM could be built as an effective technique to optimize
biodiesel production process and similar other processes.
Authors observed that Carbonates are difficult to separate out
from Glycerol and biodiesel which are generated due to the
use of Lithium carbonates for preparing catalyst. It would be
better if some other salt like Lithium hydroxide is used for
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preparation of Lithium doped CaO catalyst. It isaso prudent
to mention here that the impact of multiple calcination cycle
at different temperatures on each catalyst sample’s catalytic
efficacy can also be studied.

ACKNOWLEDGMENT

The authors want to acknowledge the support provided by
Sophisticated Analytical Instrumentation facility and Central
Instrumentation Laboratory of Punjab University in
analyzing the samples under SEM, GC-MS and XRD. Also,
the Authors would like to thank the Electronics Sc. Dept. of
Kurukshetra University for providing the facility of XRD,
Particle size analyzer and Chemistry Dept. of Kurukshetra
University for providing the FTIR facility.

REFERENCES

1. L.A.HortaNogueira, J. R. Moreira, U. Schuchardt, and J. Goldemberg,
"The rationality of biofuels," Energy Policy, vol. 61, pp. 595-598, 2013.

2. G. Knothe and L. F. Razon, "Biodiesel fuels," Progress in Energy and
Combustion Science, vol. 58, pp. 36-59, 2017.

3. M.H.Hassanand M. A. Kalam, "An overview of biofuel asarenewable
energy source: Development and challenges," Procedia Engineering,
vol. 56, pp. 39-53, 2013.

4. S. P. Singh and D. Singh, "Biodiesel production through the use of
different sources and characterization of oils and their esters as the
substitute of diesel: A review," Renewable and Sustainable Energy
Reviews, val. 14, pp. 200-216, 2010.

5. A.N. Phanand T. M. Phan, "Biodiesel production from waste cooking
oils," Fuel, val. 87, pp. 3490-3496, 2008.

6. M. a Carriquiry and Du, "Second-Generation Biofuels Economics and
Palicies," p. 55, 2010.

7. K. Ramachandran, T. Suganya, N. N. Gandhi, S. Renganathan, N.
Nagendra Gandhi and S. Renganathan, "Recent developments for
biodiesel production by ultrasonic assist transesterification using
different heterogeneous catalyst: A review," RENEWABLE &
SUSTAINABLE ENERGY REVIEWS, vol. 22, pp. 410-418, 6 2013.

8. A.K.Sarma, P. Kumar, M. Adam, and A. P. S. Chouhan, "Preparation
and Characterization of Musa babisiana Colla Underground Stem
Nano-materia for Biodiesel Production Under Elevated Conditions,”
CATALYSISLETTERS, val. 144, pp. 1344-1353, 7 2014.

9. F.Maand M. A. Hanna, "Biodiesel production: A review," Bioresource
Technology, vol. 70, pp. 1-15, 1999.

10. A. Abbaszaadeh, B. Ghobadian, M. R. Omidkhah, and G. Najafi,
"Current biodiesel production technologies: A comparative review,"
Energy Conversion and Management, vol. 63, pp. 138-148, 2012.

11. L. F. Chuah, J. J. Klemes, S. Yusup, A. Bokhari and M. M. Akbar, "A
review of cleaner intensification technologies in biodiesel production,”
JOURNAL OF CLEANER PRODUCTION, vol. 146, pp. 181-193, 3
2017.

12. S. Bahadur, P. Goyal, K. Sudhakar, and J. P. Bijarniya, "A comparative
study of ultrasonic and conventiona methods of biodiesel production
from mahuaoil," BIOFUELS-UK, val. 6, pp. 107-113, 2015.

13. M. R. Avhad and J. M. Marchetti, "A review on recent advancement in
catalytic materials for biodiesel production,” Renewable and
Sustainable Energy Reviews, vol. 50, pp. 696-718, 2015.

14. M. K. Lam, K. T. Lee and A. R. Mohamed, Homogeneous,
heterogeneous and enzymatic catalysis for transesterification of high
free fatty acid oil (waste cooking ail) to biodiesel: A review, vol. 28,
2010, pp. 500-518.

15. J. F. Puna, J. F. Gomes, M. J. N. Correia, A. P. Soares Diasand J. C.
Bordado, Advances on the development of novel heterogeneous
catalysts for transesterification of triglycerides in biodiesel, vol. 89,
2010, pp. 3602-3606.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijitee.org/

Hybrid Response Surface M ethod-African Buffalo Optimization Technique for Ultrasonic Production of
Biodiesal from Waste Cooking Oil using Li doped CaO Nanocatalyst

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

. S.H.Y.S. Abdullah, N. H. M. Hanapi, A. Azid, R. Umar, H. Juahir, H.
Khatoon, and A. Endut, "A review of biomass-derived heterogeneous
catalyst for sustainable biodiesel production,” Renewable and
Sustainable Energy Reviews, vol. 70, pp. 1040-1051, 4 2017.

S. M. Hingu, P. R. Gogate, and V. K. Rathod, "Synthesis of biodiesel
from waste cooking oil using sonochemical reactors," ULTRASONICS
SONOCHEMISTRY, vol. 17, pp. 827-832, 6 2010.

S. Bahadur, P. Goya and K. Sudhakar, "Ultrasonic Assisted
Transesterification of Neem Oil for Biodiesel Production,” ENERGY
SOURCES PART A-RECOVERY  UTILIZATION  AND
ENVIRONMENTAL EFFECTS, vol. 37, pp. 1921-1927, 2015.

E. I. Bello, "Optimization of Process Parameters for Biodiesel
Production Using Response Surface Methodology," American Journal
of Energy Engineering, vol. 4, p. 8, 2016.

I. D. Muhammad F. Yahaya, O. P. S. Isioma Nwadike and L. N. Okoro,
"A review on the Chromatographic Analysisof Biodiesel," International
Journal of Education and Research, vol. 1, pp. 1-12, 2013.

R. E. Pauls, "A review of chromatographic characterization techniques
for biodiesel and biodiesel blends" Journa of Chromatographic
Science, vol. 49, pp. 384-396, 2011.

A.P.S. Chouhanand A. K. Sarma, "Modern heterogeneous cata ystsfor
biodiesel production: A comprehensive review," Renewable and
Sustainable Energy Reviews, vol. 15, pp. 4378-4399, 2011.

B. Thangaraj, P. R. Solomon, B. Muniyandi, S. Ranganathanand L. Lin,
"Catalysisin biodiesel production—areview," Clean Energy, val. 3, pp.
2-23, 2019.

T. Maneerung, S. Kawi and C. H. Wang, "Biomass gasification bottom
ash as a source of CaO catalyst for hiodiesel production via
transesterification of palm oil," Energy Conversion and Management,
vol. 92, pp. 234-243, 2015.

A. Bouaid, N. E. Boulifi, M. Martinez and J. Aracil, "Optimization of a
two-step process for biodiesel production from Jatropha curcas crude
oil," International Journal of Low-Carbon Technologies, vol. 7, pp.
331-337, 2012.

Y. Zhang, M. A. Dubé, D. D. McLean and M. Kates, "Biodiesel
production from waste cooking oil: 1. Process design and technol ogical
assessment," Bioresource Technology, vol. 89, pp. 1-16, 2003.
A.Baigand F. T. T. Ng, "Determination of the acid number of biodiesel
and biodiesel blends," JAOCS, Journal of the American Oil Chemists
Society, vol. 88, pp. 243-253, 2011.

28 A. S Silitonga, H. C. Ong, T. M. I. Mahlia, H. H. Masjuki, and W.
T. Chong, "Biodiesel conversion from high FFA crude jatropha curcas,
calophyllum inophyllum, and ceiba pentandra oil," Energy Procedia,
vol. 61, pp. 480-483, 2014.

F. M. Fabian, "Application of Response Surface Methodology and
Central Composite Design for 5P12-RANTES Expression in the Pichia
pastoris System,” Thesis, vol. 12, 2012.

E. Hazir and T. Ozcan, "Response Surface M ethodology Integrated with
Desirability Function and Genetic Algorithm Approach for the
Optimization of CNC Machining Parameters,” Arabian Journal for
Science and Engineering, vol. 44, pp. 2795-2809, 2019.

M. C. Bobadilla, R. Ferndndez Martinez, R. L. Lorza, F. S. Gémez and
E. P. V. Gonzédlez, "Optimizing biodiesdl production from waste
cooking oil using genetic algorithm-based support vector machines,”
Energies, vol. 11, pp. 1-19, 2018.

S. Arumugam, P. Chengareddy, A. Tamilarasan, and V. Santhanam,
"RSM and Crow Search Algorithm-Based Optimization of
Ultrasonicated Transesterification Process Parameters on Synthesis of
Polyol Ester-Based Biolubricant,” ARABIAN JOURNAL FOR
SCIENCE AND ENGINEERING, val. 44, pp. 5535-5548, 6 2019.

V. Hariram, A. Bose and S. Seralathan, "Dataset on optimized biodiesel
production from seeds of Vitisviniferausing ANN, RSM, and ANFIS,"
Datain Brief, vol. 25, p. 104298, 2019.

J. B. Odili and A. Noraziah, "African buffalo optimization for global
optimization," Current Science, vol. 114, pp. 627-636, 2018.

J. Odili and M. Kahar, "Numerical Function Optimization Solutions
Using the African Buffalo Optimization Algorithm (ABO)," British
Journa of Mathematics & Computer Science, vol. 10, pp. 1-12, 2015.
36 J. Odili, M. Mohd Nizam and A. Noraziah, "African Buffalo
Optimization Algorithm for Tuning Parameters of a PID Controller in
Automatic Voltage Regulators,” International Journal of Simulation:
Systems, Science & Technology, vol. 17, pp. 45.1----45.7, 2016.

Retrieval Number: E2930039520/2020©BEIESP
DOI: 10.35940/ijitee.E2930.039520
Journal Website: www.ijitee.org

1947

AUTHORSPROFILE

Upender Kumar, currently pursuing Ph.D. degree
from SLIET , Longowal, having over 15 publications
in International journals. Pursuing research on
development of new nano-catalysts for Biofuel
productions. Member of SAE India, ASME, USA.

Prof. Pardeep Gupta is Senior professor at SLIET ,
Longowal, India, having around three decades of
teaching and research experience, has over 30
publicationsin International journals. is Life Member
of ISTE, Life Member of Punjab Science Congress
and Member of International Association of
Engineers. His research areas are Bioenergy, Metal
Machining,and  TPM.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


http://www.ijitee.org/

