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Abstract

Rising level of pollution and extreme rate of depletion of fossil fuels has become a major issue in today’s world which
requires immediate measures for its prevention. Biodiesel is the potential answer to this threat to environment as being
an extremely promising fuel given its adaptability of usage in currently existing engine modules. Out of various oil sources
for biodiesel production (Jatropha, Pongamia, Neem, Mahua) Cotton seed oil is one of the prominent source for biodiesel
production in India. The aim of this study to enhance the fuel quality of cotton seed biodiesel so that it can be used as
an alternative fuel. Viscosity is an important indicator of progression of oxidation in biodiesel to be used in an engine.
Viscosity and flash point of biodiesel is optimized with the help of anti-oxidant (pyrogallol) and by governing the adverse
effects of oxidizing agent as metal contaminants of aluminium. The experimental investigation reveals that Cotton seed
biodiesel (CB,,) with metal contamination there is decrease of 21.03% in brake thermal efficiency (BTE) and without metal
contaminants there is decline of 11% was found as compared to diesel while brake specific fuel consumption (BSFC), was
increased by 25.84% for CB,, with metal contaminants and for CB,, (without metal contaminants) there is increase in
10.73% as compared to diesel. There was a significant reduction in exhaust emissions including carbon monoxide (CO)
and (CO,) as for CB,,, value reduction for CO, was 41.35% and 38.27% for samples with and without metal contaminants.
However, a 15.84% and 11.2% increase in oxides of nitrogen (NO,) emission was experienced for biodiesel mixtures for
CB,, with and without metal contaminants respectively as compared to diesel.
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Abbreviations 1 Introduction

BSFC Brake specific fuel consumption

BTE  Brake thermal efficiency Biodiesel is a fuel, which is a preliminary contender as an
NO, Nitrogen oxides alternative fuel given the crisis of scarcity of fossil fuels and
co Carbon mono oxide significant increase in pollution. Biodiesel being a carbon
CO, Carbon dioxide zero fuel becomes an exclusive choice as an alternative
PY Pyrogallol of fossil fuels. With the extra amount of oxygen, available
Al Aluminium biodiesel produces less carbon monoxide compared to
CB,  Cottonseed biodiesel blend BX diesel. Despite all the benefits oxidation stability of bio-
WC  Without contaminant diesel is a major concern, which induces polymerized
C With contaminant esters, resulting in insoluble gums and sediments caus-

ing fuel filter chocking [1]. Biodiesel comprises mainly of
unsaturated fatty mono-alkyl esters, which is extracted by
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the transesterification of vegetable oils or animal fats with
simple alcohols, such as methanol, ethanol etc. [2, 3].

Biodiesel compounds contain esters having long oleic,
linoleic or linolenic acid chains. These fatty acids have a
tendency to oxidize and form long chains of polymers. The
rate of oxidation depends on the number and position of
double bonds. Polymerization of fatty acids forms series
of by-products like acids, esters, aldehydes, ketones, etc.
which leads to increase in viscosity and change in physi-
cal and chemical properties of the biodiesel [4]. Viscosity
is an important indicator of progression of oxidation in
biodiesel to be used in an engine [5-71.

Jain and Sharma [8] in their work studied the effect of
various metals on interaction with Jatropha biodiesel and
results concluded Cu as the strongest catalyzing agent for
the oxidization of biodiesel to occur whereas Fe was found
mostly inert towards the oxidation of biodiesel.

The addition of antioxidants was found beneficial for
the stability of biodiesel and no negative impact was
found on the physical properties [9-11]. Antioxidants
enhance the oxidation stability of biodiesel, which helps
to bring the properties within ASTM 6751, EN 14214 and IS
15607 standards [5]. Synthetically produced antioxidants
are helpful in improving the oxidation stability of the bio-
diesel. Effect of antioxidant increases as its concentration
increases, but oxidation of biodiesel cannot be negated
completely [12-14]. Avase et al. [15] studied the effect
of Pyrogallol (PY) on performance and emission charac-
teristics of biodiesel and results showed that pyrogallol
enhanced the blend properties and has narrowed the gap
between the properties of blend and that of diesel. Rama-
lingam et al. [16] found out that antioxidants reduce the
hydrogen free radicals in biodiesel which tends to reduce
the NO, emissions which is also a major problem with the
use of biodiesel. Celik et al. [17] investigated the impact
of magnesium additive based rape seed methyl ester on
engine emission result shows that there is result in reduc-
tion of CO, THC and smoke emission while increase in NO,
emission.

Celik et al. [18] used organic based manganese fuel
additive for engine operation which results in increase in
maximum power output by 12.48% while the specific fuel
consumption was reduced by 8.17%.

Fazal et al. [19] investigated the effect of PY and butyl-
ated hydro-oxy toluene (BHT) on palm biodiesel proper-
ties when exposed to copper and mild steel metals. As a
result, PY was found to be more effective than that of BHT
in view of metal degradation suppression. Sarin et al. [20]
in his work experimentally investigated that the impact
of small concentrations of metal was mostly as same as
larger concentrations. In addition, copper was found to
be showing most catalytic behaviour for oxidation of bio-
diesel. Akhabue et al. [21] compares Fe and Al over the
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stability of castor oil methyl ester, Experimental study
shows Fe provided better stability as compared to Al
With the rate of increase of metal contaminants, the rate
of decomposition hydro peroxides was more than the rate
of formation of hydro peroxides. Nabi et al. [22] in their
study compared the brake thermal efficiency and brake
specific fuel consumption of the different mixtures of cot-
tonseed biodiesel and concluded that the brake thermal
efficiency for biodiesel mixtures was relatively lesser than
neat diesel. Also comparison has been done on the basis
of emission from which conclusions drawn are minimal
concentrations of PM and CO whereas the NO, emission
is higher than neat diesel.

Aydin et al. [23] studied the performance and emis-
sion characteristics and compared the cottonseed bio-
diesel mixtures with diesel. It was concluded that with
the increase in biodiesel in blends the concentration of
the exhaust emissions decreased. Also no significant dif-
ference in efficiency was observed in low biodiesel blends
but with the increase of content of biodiesel in blends, the
performance was observed to be lower as compared to
diesel. Fan et al. [24] found out that the fuel consumption
rate of COME was higher than diesel and CO, CO, and NO,
emissions were lower than diesel. Rakopoulos et al. [25] in
their study investigated the performance and emissions
of blends of B10 and B20 with the bus diesel engine at
multiple speeds and loads. Investigation results concluded
decrease in smoke intensity and CO concentration and
increase in NO, and HC as compared to neat diesel. Yiicesu
et al. [26] in their paper studied the effects of cotton seed
oil methyl ester on engine performance and emissions and
concluded that performance of engine reduced by 3-9%
and specific fuel consumption was increased by 8-10%.
The study also concluded that the emissions of CO, CO,
and NO, were found to be lower than diesel. Kumar et al.
[27] found out that for cotton seed biodiesel carbon mon-
oxide (CO), particulate matter (PM) and smoke emissions
were less whereas NO, was found to be slightly higher. Use
of manganese additive in cotton methyl ester and evalu-
ated the combustion and emission characteristics and the
results shows that while using additives emissions like CO,
total hydrocarbon emission (THC) and smoke are reduced
[28, 29].

Rashed et al. [30] in their study compared the effect of
antioxidants in the blends of biodiesel on engine perfor-
mance and emissions.

Hasni et al. [31] used response surface methodology to
optimize the production parameters for the transesterifi-
cation of Bruceajavanica seed oil and found out that on
addition of antioxidant propylgallate, oxidative stability
(70 h) is enhanced with a high efficiency. De Sousa et al.
[32] found pyrogallol as the most favourable antioxidant.
Balaji et al. [33] found out that anti-oxidant addition was
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effective for controlling the emissions and HC and NO,
emissions were found to be decreased however CO and
CO, emissions increased due to disturbances in engine.
Rashedul et al. [34] in their review study compared the
effects additives in biodiesel on properties and perfor-
mance of Cl engine.

Ramalingam et al. [16] in their review studied the effects
of antioxidant additives with biodiesel with the engine
performance and emission. Effect of antioxidant plays
out effectively as it reduces the formation of NO, by pre-
venting the hydrogen free radicals. Antioxidant remained
unaffected towards the engine performance but reduces
NO, emissions drastically.

Literature review states that very few studies were
conducted on the fuel properties of cottonseed oil. In
the present study, cottonseed biodiesel is undertaken
and research has been performed in order to enhance
the fuel properties and make it fit for the use. The present
work aims to study the impact of antioxidant specifically
pyrogallol on contaminated cottonseed oil using metal
nanoparticles (aluminium). The work also provides an
investigated study on engine performance using differ-
ent cottonseed biodiesel blends.

2 Materials and methods

Methanol (CH,O) was obtained from Sisco research labora-
tories, Chennai, Tamil Nadu, India. Methanol obtained was
99% pure having boiling range of 64-65.5 °C. Potassium
Hydroxide (KOH) having molecular weight of 56.11 g/mol
was also obtained from research laboratories, Chennai,
Tamil Nadu, India. KOH bought had a purity of 85% and
was stored at room temperature. Antioxidant pyrogallol
(C¢HgO5) was also obtained from Sisco research labora-
tories, Chennai, Tamil Nadu, India. The sample obtained
was 99% pure and had pH value between 4.0 and 5.0 and
melting point was in between 132 and 134 °C. Aluminum
nanoparticles molecular weight 26.98 g/mol was obtained
from BFC, Chennai, Tamil Nadu, India. Sample obtained
was 98% pure. All chemicals used in the production are
of AR grade.

2.1 Biodiesel production

The FFA content of cottonseed oil was very less (1.8%),
single stage acid based catalyzed transesterification pro-
cess was used to prepare biodiesel. A measured volume of
800 mL cottonseed oil, methanol to cottonseed oil molar
ratio of 9:1 and amount of catalysts was taken 4 wt%. Once
the reaction was completed, glycerin settles down at the
bottom and biodiesel was in the upper phase. Biodiesel
formed was washed once to separate any impurities of

glycerin. The yield of the result was found to be 93%. The
biodiesel thus formed was tested for physiochemical prop-
erties as per ASTM D- 6751 standards and the values were
compared with that of diesel in the Table 1 [18].

Experimental results in Table 1 shows that the viscosity
of cottonseed biodiesel at the zeroth day was compara-
tively higher than diesel and from the literature it was
found that with the increase in time the viscosity increases
for which antioxidant was added to the mixture to inhibit
the further oxidation hence preventing increase in viscos-
ity. Considering the storage in a metal container, from the
literature it was found that metal has a catalyzing effect
and to analyze the effect metal nanoparticles were added
in the mixture. Flash point of CB,, is found to be 101%
higher than that of diesel whereas fire point was found
to be 82% higher than that of Diesel. The experimental
data were validated with the results by Krishna and Mal-
likarjuna [35].

2.2 Methodology

Crude cottonseed oil was undergone transesterification
and converted into neat biodiesel. To study the effects of
time, aluminum concentration and antioxidant (PY) con-
centration on viscosity, response surface methodology
(RSM), Box-Behnken design was used to find the number
of experiments to be performed. The data obtained from
the experiments was analyzed using Design Expert 11.The
solution found from the regression equation for optimized
parameters was validated experimentally. Furthermore
the optimized fuel was tested in a compression ignition
engine for its engine performance and emission charac-
teristics and compared with neat diesel.

2.3 Sample preparation

The three variables that were considered while perform-
ing the experiment which mainly influence the fuel

Table 1 Compares the physiochemical properties of CB,, and die-
sel

S.no. Properties Units CBigo Diesel
1. Flash point °C 117 58
2. Fire point °C 135 74
3. Density kg/m3 941 834
4. Kinematic viscosity Centistoke 5.31 3.54
5. Dynamic viscosity Centipoise 4.99 293
6. Calorific value MJ/kg 41.8 45.5
7. Cetane number 47 51
8. Cloud point °C
9. Pour point °C 7

SN Applied Sciences

A SPRINGER NATURE journal



Research Article

SN Applied Sciences (2019) 1:1316 | https://doi.org/10.1007/542452-019-1348-9

properties of biodiesel were time, antioxidant concentra-
tion and metal contaminants concentration. To identify
the number of samples, RSM was used. Design Expert
11, Box-Behnken design was used with three variables
(stated above) and two responses (experimental viscos-
ity, predicted viscosity).

Metal contaminant considered here is aluminium nan-
oparticles and antioxidant considered is pyrogallol (PY).
Samples (50 ml) of cottonseed biodiesel with the varying
concentrations of metal from 0 to 100 ppm and that of
antioxidant from 0 to 1000 ppm were prepared. Table 2
shows the experimental range of the factors for viscos-
ity. These samples are then tested for viscosity and flash
point. The results obtained are hence compared with the
predicted results and optimized results are obtained.
Finally, the samples with best results were considered
and blends of CB,,, CB,, and CB,, were made and the
engine emission testing is performed for the blends.

Table 2 The experimental range of the factors for viscosity

3 Results and discussion
3.1 Results

Biodiesel storage parameters were optimized using RSM
with Box-Behnken design. Optimal levels of the follow-
ing parameters: time, antioxidant (PY) concentration and
metal (Aluminium) concentration, were suggested by
the solving the equation involved. A total of 17 experi-
ments suggested by the Design-Expert 11 software were
performed and viscosity and flash point were found for
each sample prepared. Out of 17 experiments, there
were 4 replicates and 13 individuals. The 13 individuals
were the combinations of different levels of the above
parameters. The effect of each parameter is determined
from the obtained equation of viscosity and flash point.
Experimental and predicted kinematic viscosity and flash
point of samples formed with their antioxidants and metal
contaminants variations has been shown in Tables 3 and
4 respectively.

Viscosity in terms of coded factors has been given
below:

Factors Observations Range viscosity = 6.26 + 1.26 * A+ 3.66 * B+ 2.01 *« C
Time In range 0-30 + 0.1375 x AB — 0.0250 % AC + 0.1275 = BC
Metal concentration In range 0-100 + 237 %« A2 +1.17 % B> + 241 = C? M
Antioxidant concentration Inrange 0-1000
Viscosity Minimum -
Table3 The number of Run Time (days) Antioxidant ~ Metal (ppm) Viscosity (experimen-  Viscosity (pre-
samp!es formed their (ppm) tal) (centistoke) dicted) (cen-
variations and the value of tistoke)
predicted and experimental
kinematic viscosity 1 15.5 500 50 6.35 6.25

2 15.5 500 50 6.35 6.25

3 15.5 500 50 6.32 6.25

4 1 500 0 5.96 7.74

5 1 0 50 5.05 5.01

6 1 1000 50 12.19 12.07

7 30 500 100 16.07 14.23

8 15.5 0 0 6.04 427

9 15.5 0 100 6.4 8.05

10 30 1000 50 14.83 14.81

1 30 500 0 8.7 10.26

12 15.5 1000 100 13.89 15.63

13 30 0 50 7.14 7.21

14 15.5 500 50 6.12 6.25

15 15.5 500 50 6.16 6.25

16 1 500 100 1343 11.82

17 15.5 1000 0 13.02 11.35
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Table4 The number of

. Run Time (days) Antioxidant Metal (ppm) Flash point (experi-  Flash point
samp!es formed their (ppm) mental) (°C) (predicted)
variations and the value of e
predicted and experimental
flash point 1 15.5 500 50 112 1128

2 15.5 500 50 113 112.8
3 15.5 500 50 111 112.8
4 1 500 0 120 119.62
5 1 0 50 121 119.38
6 1 1000 50 132 133.12
7 30 500 100 138 138.8
8 15.5 0 0 17 119

9 15.5 0 100 119 119.75
10 30 1000 50 145 146.62
11 30 500 0 134 133.13
12 15.5 1000 100 136 134

13 30 0 50 138 136.88
14 15.5 500 50 RN 112.8
15 15.5 500 50 112 112.8
16 1 500 100 120 120.88
17 15.5 1000 0 129 128.25

Flash Point in terms of coded factors has been given
below:

flashpoint = 112.80 + 7.75 * A+ 5.88 * B+ 1.63 * C
—1.00  AB + 1.00 % AC + 1.25 = BC
+11.97 % A2 +9.22 % B? + 3.23 x C?

()

3.2 Analysis of variance and validation of method

ANOVA results obtained are important to check the influ-
ence of the parameters affecting the viscosity and flash
point. P-values for the model terms B, C, A> and C? are
found to be less than 0.05; therefore they are significant
for viscosity. P-values for the model terms A, B, A, B2 and
C? are found to be less than 0.05; therefore they are sig-
nificant for flash point. Since no term linear or quadratic
has p value greater than 0.1, so there is no insignificant
term for viscosity. Since AB, AC, BC have p value greater
than 0.1, so they are insignificant terms for flash point. The
F-value of the viscosity model (7.09) implies the model is
significant. F-value this large could occur due to noise only
have 0.85% chances. The F-value of the flash point model
(43.77) implies the model is significant. F-value this large
could occur due to noise only have 0.01% chances. The
lack of fit F-value of 636.94 for viscosity implies the lack
of fit is significant. There is only a 0.01% chance that a lack
of fit F-value this large could occur due to noise. The lack
of fit F-value of 1.69 for flash point implies the Lack of Fit
is not significant relative to the pure error. There is only a
30.58% chance that a lack of fit F-value this large could

occur due to noise. The R? value is a measure of how well
the regression approximates the real data points. In the
present research, we obtained 0.9012 as R? for viscosity
and 0.9825 as R? for flash point. Adequate Precision is a
measure of the signal to noise ratio, which if greater than
4 is desirable. In this case it is 8.8 for viscosity and 20.14 for
flash point indicating an adequate signal. Figure 1 shows
the variation of predicted and actual values of the output
response in terms of viscosity and flash point. Figure 2
shows the deviation of coded units from the reference
points for viscosity and flash point.

3.3 Discussions
3.3.1 Viscosity

Figure 3iillustrates the variation of viscosity with respect to
time, aluminium concentration and antioxidant concentra-
tion. Interaction of time (1-30 days), metal concentration
(0-100 ppm) and antioxidant concentration (0-1000 ppm),
taking two factors at a time while keeping the other one
at its central value, has been interpreted in the graphs. Vis-
cosity increases with increase in antioxidant concentration.
With respect to aluminum metal concentration viscosity
decreases a little then increases. Increase in viscosity with
respect to increase in antioxidant concentration is found to
be more profound as compared to increase in aluminum
metal concentration which may be the result of reaction
of antioxidant with the oxygen present in the solution and
thus forming products which increases the viscosity.
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Fig. 1 Depicts the variation predicted versus actual values for a viscosity and b flash point respectively
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Fig.2 Depict the deviation from reference points (coded units) versus a viscosity and b flash point

3.3.2 Flash point

Figure 4 illustrates the variation of flash point with
respect to time, aluminium concentration and anti-
oxidant concentration. Interaction of time (1-30 days),
metal concentration (0-100 ppm) and antioxidant con-
centration (0-1000 ppm), taking two factors at a time
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while keeping the other one at its central value, has
been interpreted in the graphs. All the three graphs are
found to be of concave nature, thus indicating a mini-
mum value for flash point. Flash point seems to decrease
and then increase with respect to all the parameters in
question. The experimentation validation of kinematic
viscosity and flash point is shown in Tables 5 and 6
respectively.
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Fig.4 Depict the variation of flash point with respect to a time and aluminum concentration, b time and antioxidant concentration and ¢

antioxidant and aluminum concentration respectively

Table 5 The experimental validation of predicted values for viscos-
ity

Time Antioxidant Aluminum Viscosity

Units Days ppm ppm Centistokes
Predicted value 22.54 89.273 35.543 4813
Experiment valida- 23 90 35 5.34

tion
Error (%) 2.04 3.05 1.52 12.59

Table 6 The experimental validation of predicted values for flash
point

Time Antioxidant Aluminum Flash point

Units Days ppm ppm °C

Predicted value 22.54 89.273 35.543 121.14

Experiment valida- 23 90 35 128
tion

Error (%) 2.04 3.05 1.52 5.56

Y
:

ROPE BRAKE DYNAMOMETER

Fig.5 Engine schematic dig
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Table 7 The properties of

blends Properties Units Diesel CByq CB,q CByg CByqo
Density kg/m?3 834 838 853 867 941
Flash point °C 58 69 76 88 117
Fire point (°C) °C 74 87 93 104 135
Kinematic viscosity  Centistokes 3.54 3.72 3.903 4.27 5.31
(40°C)
Table 8 The engine specification Tab]e 10 The errorin the Parameters Error
various factors
Speed 1500rpm Engine speed +2rpm
Model AV1 Temperatures +1°C
Cycle 4 stroke Carbon monoxide  +£0.02%
Rated power 3.7 kW(5BHP) Carbon dioxide +0.5%
Cooling system Water cooling Nitrogen oxide +15 ppm
Ignition System Compression ignition Load +1N
Table 9 The dynamometer specifications 50
Make Tachometer R 9 R
Diameter of the rope 0.01m % . w840 C
Diameter of the brake drum 02m - = (B20_WC
Controller Manual based * m n (820 C
0 =~ m CB10_WC
0 5 u (B10_C
10 15 m Diesel

4 Engine performance and emission
characteristics

Engine performance and emission characteristics of
three different blends of cottonseed biodiesel were
performed with and without metal contaminants and
the results were analyzed to draw a conclusion. Figure 5
represents the engine schematic diagram.

4.1 Blend properties and properties

Blends of cottonseed biodiesel are taken as CB,,, CB,,,
CB,q CB;yo and neat Diesel for the experiments of engine
performance and engine emission. Upon comparing the
values shown in Table 7, of diesel and CB,, it was observed
the density of CB,y, was 11.37% higher than diesel.

Also on comparing other physical values it was
observed that viscosity of CB100 was higher by 30.26%
whereas on comparison with the calorific value. Hence,
the blends were prepared as CB,,, CB,, and CB,, since
there was a significant change of cottonseed biodiesel as
compared to neat diesel; hence it was not possible to do
the test as it may cause damage to engine. The prepared
blends, CB,,, CB,, and CB,, had densities as 838 kg/m3,
853 kg/m?* and 867 kg/m? respectively also viscosities

SN Applied Sciences

A SPRINGERNATURE journal

LOAD (kg)

Fig.6 The variation of brake thermal efficiency and load with neat
diesel and various blends of biodiesel with and without contami-
nants

found were 4.62 centistokes, 4.903 centistokes, 5.31 cen-
tistokes respectively.

4.2 Specification and error analysis

The specifications of the engine and rope brake dynamom-
eter used in the research are listed below in Tables 8 and 9:

4.2.1 Error analysis

Instrument selection, calibration, environmental condi-
tions and human errors while recording the observations
leads to errors. Uncertainty analysis is performed to ana-
lyse the accuracy of the experiments. The maximum errors
in all the primary parameters are considered to evaluate
the total error. Principle of propagation of errors was used
to evaluate the total percentage uncertainty of an experi-
mental trial. Factors contributing error has been listed in
Table 10.
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4.3 Engine performance
4.3.1 Brake thermal efficiency

Figure 6 shows the variation of brake thermal efficiency
and load with neat diesel and various blends of biodiesel
with and without contaminants. Contaminants consist of
aluminium in powdered form while the blends were added
with the antioxidant which was pyrogallol.

Curve shows to be increasing with the increase in load
and begins to decline from a certain point in load. Effi-
ciency of neat diesel was found to be relatively higher than
the bio-diesel blends also the better efficiency was found
for blends without metal contaminants. Low efficiency of
biodiesel blends can be governed to poor spray character-
istics and low calorific value which remain inaffectant of
antioxidant hence has no significant change as validated
from Nabi et al. [22]. The variation in values observed for
10 kg load are stated as follows:

e Samples without contaminant had efficiency which
8.9%, 11% and 20% lower for CB,,, CB,, and CB,,
respectively and samples with contaminants had effi-
ciency 13.10%, 21.03% and 23.4% lower for CB,,, CB,,
and CB,, respectively when compared to diesel.

e As evident from the data, the samples had efficiency
less than diesel however metal contaminants had fur-
ther negative impact on efficiency. Also, addition of
antioxidant had a positive impact in the efficiency.

4.3.2 Brake specific fuel consumption

Experimental study shows that BSFC is inversely propor-
tional to brake thermal efficiency hence contrary to the
brake thermal efficiency the brake specific fuel consump-
tion decreases with the increase in load and at a certain
point contra-flexure is obtained indicating the decrease in
declination of curve. BSFC value of neat diesel was found
lower than the other blends of biodiesel and blends with

10 n
15
20

LOAD (kg)

0.7
06
05
04
03
02
01
0

= CB40_WC
m(B40_C
= CB20_WC

BSFC ( kg/kW-hr)

m (820 C

= CB10_WC
w (B10_C

m Diesel

Fig.7 The variation of brake specific fuel consumption and load
with neat diesel and various blends of biodiesel with and without
contaminants

contaminants showed higher fuel consumption rate gov-
erning the high viscosity of the sample with contaminant
as validated from Nabi et al. [22]. Figure 7 shows the varia-
tion of brake specific fuel consumption and load with neat
diesel and various blends of biodiesel with and without
contaminants.

The variation in values observed for 10 kg are stated
as follows:

e Samples without contaminant had fuel consumption
rate which was 4.02%, 10.73%, 24.49% higher for CB,,,
CB,, and CB,, respectively and samples with contami-
nants had fuel consumption rate which was 4.69%,
25.83% and 29.53% higher for CB,,, CB,, and CB,,
respectively when compared to diesel.

e Asevident from the above data as metal contaminants
had a negative impact on efficiency, its fuel consump-
tion rate was found significantly higher than with the
samples having antioxidants. The entire biodiesel blend
values specific fuel consumption rate was found to be
higher than diesel by significant value.

4.4 Emission characteristics
4.4.1 NO, emission

An increasing curve trend was observed for NO, as the
NO, value was increasing with the increase in load. NO,
formation takes place in very high temperature. It is
observed that the NO, emission was more in biodiesel
as compared to diesel as it has high flash and fire point;
however the use of additives reduced the NO, emissions
as they inhibit the formation of free radicals [21]. Figure 8
illustrates the variation of NO, emissions and the load
with neat diesel and various blends of biodiesel with and
without contaminants.
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Fig.8 lllustrates the variation of NO, emissions and the load with
neat diesel and various blends of biodiesel with and without con-
taminants
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Fig.9 lllustrate the variation of CO, values as compared with the
load applied
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Fig. 10 lllustrate the variation of CO values as compared with the
load applied

The variation in values observed for 10 kg are stated
as follows:

e Samples without contaminant had NO, emission
which was 3%, 11.2%, 19.39% higher for CB,,, CB,,
and CB,, respectively and samples with contaminants
had fuel consumption rate which was 11.2%, 15.84%
and 23.77% higher for CB,,, CB,, and CB,4, respectively
when compared to diesel.

e Asevident from the given data metal contaminant may
have a further poor negative impact however it wasn't
as much significant. However the NO, emissions for
biodiesel was significantly higher than diesel as vali-
dated from several research papers [21, 22].

4.4.2 CO, and CO emission

Figures 9 and 10 illustrates the variation of CO, and CO
values as compared with the load applied respectively. A
generic decreasing curve was observed for CO which indi-
cated the decrease in CO levels with the increase in loads
as with increase in load engine runs on lean mixture which
gives sufficient oxygen for combustion of CO as validated
by Aydin et al. [23]. On the other hand an increasing trend
was observed for CO, which can be due to decrease in
levels of CO and proper combustion of fuel. Also, CO and
CO, value may get slightly higher as compared to pure

SN Applied Sciences

A SPRINGERNATURE journal

biodiesel without additives because of disturbance of
addition of antioxidants and additives [23]. The variation
in values observed for 10 kg are stated as follows:

e Samples without contaminant had CO emission which
was 0%, 50%, 0% lower for CB,,, CB,,and CB,, respec-
tively and samples with contaminants had fuel con-
sumption rate which was 0% higher for all CB, o, CB,,
and CB,, when compared to diesel indicating its impact
to be minimal.

¢ Samples without contaminant had CO, emission which
was 32.09%, 38.27%, 22.8% lower for CB,,, CB,, and
CB,, respectively and samples with contaminants had
fuel consumption rate which was 44.44%, 41.35% and
35.18% lower for CB,,, CB,, and CB,, respectively when
compared to diesel.

e As evident from the given data additives had a sig-
nificant impact on the emissions of CO2 as with the
reduction of CO value of CO2 increases which is hence
controlled by additives in biodiesel.

5 Conclusion

The current experimental research deals with the vary-
ing concentrations of antioxidant, pyrogallol and metal
contaminant concentration which is aluminium powder
and provides the insight to the optimization of the fuel
properties (viscosity and flash point) of the biodiesel with
the appropriate concentration of the same. Issues aroused
due to the addition of antioxidants into the biodiesel were
addressed as they increase the viscosity of the fluid result-
ing in degradation from the level of consumption on the
contrary it prevents the fluid from getting oxidized. Cot-
tonseed biodiesel contains very high level of unsaturation
and is highly susceptible to oxidization over the given
period of time.

e Most optimum results for the viscosity of cottonseed oil
biodiesel were obtained with aluminium concentration
as 35 ppm and pyrogallol concentration 90 ppm and
23 days.

e Viscosity's optimum value was found to be 5.34 cen-
tistokes at the end of 23 days with the concentrations
of metal contaminants and antioxidant as stated above.
Viscosity of biodiesel was highly reduced with the addi-
tion of antioxidant. Optimum results were obtained
with help of design experiment software and the best
result was chosen from the list of 100 solutions.

e Engine performance was found to be lower in biodiesel.
It was due to the governing the poor spray charac-
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teristics and high viscosity of biodiesel. Addition of
anti-oxidant certainly made the performance better
by reducing the viscosity however addition of metal
contaminants acted adversely giving results of lower
performance than anti-oxidant mixed samples.

e Brake thermal Efficiency was found best for diesel as
the fuel consumption rate of the diesel was lowest.
Biodiesel samples mixed with anti-oxidant showed
brake thermal efficiency less than diesel however still
comparable in low percentage blends as the addition
of additives worked positively.

e [t was also found that the NO, emission is relatively
higher for the contaminated biodiesel as compared
to biodiesel with only antioxidant. Use of antioxidant
inhibited the formation of NO, to a significant value.
NO, emission was certainly larger than diesel.

e (O, or CO emission for contaminates were lower but
the % decrease was very less so it can be concluded
that with the increase in metal concentration there is
an increase in emission. CO emission was decreased
as biodiesel is a oxygen rich fuel hence proper reac-
tion takes place with CO. CO, emissions were found to
be decreased as compared to diesel engine however,
addition of antioxidant in biodiesel resulted in a slight
increase in CO, values due to disturbances in addition
of additives in the sample.

e Metal contaminants had no significant effect in the
values of CO and CO, as the emission values increased
however the change was negligible.
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