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Abstract. The objective of this work is to reduce viscosity and other related problems associated with biodiesel by
adding non polluting additives. Magnetite is chosen as an additive in this work. Significant reason for using magnetite
as an additive is that the magnetic nano particles (magnetite) can be collected from exhaust using magnetic billets in
the tail pipe. Performance and emission test is carried out in single cylinder compression ignition engine using base
and modified fuel and is compared to diesel. Modified fuel consists of 98.5% base fuel (Rice bran oil methyl ester),
1.3% additives (magnetite) and 0.2% surfactant (tri methyl ammonium hydroxide) by volume. The experimental work
confirmed that by adding magnetite to methyl esters of rice bran oil enhances the brake thermal efficiency by 4.27%
with 5.17% reduction in SFC. In addition, 10.8%, 9.1% and 8.49% reduction in HC, CO and NOx emissions is ob-
served respectively.
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Introduction

Vegetable oil is found to be a potential alternative fuel ow-
ing to its properties very similar to Diesel. Vegetable oil is
used as an alternative fuel due to its inbuilt advantages. The
significant aspects of considering vegetable oil as a potential
alternative fuel is that, it can be used in modern diesel en-
gines with no modifications. Vegetable oils are used as direct
fuel or blended with diesel fuel in diesel engine. It also emits
a lesser amount of carbon monoxide and hydrocarbon emis-
sions. In spite of numerous advantages, it also emits higher
percentage of nitric oxide (NOx) emission (Aydin, Bayindir
2010; Ramadhas et al. 2005). The possible reason reported
is due to loss in engine power as it increases NOx emissions
(Ryu 2010; Karabektas 2009). NOx emissions in diesel en-
gine fuelled with biodiesel are reduced by adding nano par-
ticles in liquid form. Nano particles in liquid form reduce the
NO, emissions as it acts as a catalyst and enhances the rate of
combustion (Choi, Oh 2006). NO, emissions are significantly
related to the temperature in the combustion chamber. It has
been experimentally found that by adding nano particles in
liquid state lowers the thermal loading, heat flux and combus-
tion chamber surface temperature (Galfetti et al. 2007). Fur-
ther, it has been experimentally found that the brake thermal
efficiency of biodiesel is improved significantly with addition

of nanofluid. Chemical compositions of fuel are altered with
inclusion of nanofluid (Jung et al. 2005). In addition nano
fluid releases energy when diffused into higher temperature.
Enhancement in oxidation reaction will take place with ad-
dition of nanofluid in the methyl ester (Selim, Elfeky 2001).
Performance characteristics of methyl ester are improved due
to its natural increase in density impulse of nanofluid when
exposed to higher temperature in combustion chamber. Ra-
diative heat transfer and mass diffusivity of methyl ester is
improved by adding nanofluid to biodiesel (De Luca et al.
2005; Galfetti et al. 2007). Performance parameters of diesel
engine fuelled with biodiesel is considerably increased with
addition of nanofluid as it has high ratio of surface area to
volume (Prasher et al. 2006). It is reported that the ignition
probability of methyl ester is improved by incorporating
nanofluid which results in increase in efficiency and reduc-
tion in NO, emissions (Krishnamurthy et al. 2006).

In recent times, adding nano particles to liquid fuel is
subjected to a lot of investigation. Arul Mozhi Selvan et al.
(2014) studied the impact of cerium oxide nano particles
of size 32 nm with a dosing level of 25 ppm using diesterol
in diesel engine. They found a significant reduction in NO,
emissions. Shafii et al. (2011) investigated the effect of water
based ferrofluid with a size of 10 nm and a concentration of
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0%, 0.4%, and 0.8% by volume in diesel fuel to views its ef-
fects on performance and emissions characteristics. It was
found that the magnetic particles improves the combustion
characteristics and reduce NOX emissions. Further, magnetic
nano particles increase in chaotic movements and reducing
in settling velocity of the particles which aids combustions.
However, the impact on addition of ferrofluid to rice bran
oil methyl ester has never been experimented. The present
experimental study is aimed to examine the effect of ferro-
fluid on the various properties of methyl esters of rice bran
oil and also its influence on performance and emissions
characteristics. Experiments were carried out with RBOME
and RBOMEF and are compared with petroleum diesel.
RBOMEF was prepared comprising 98.5% biodiesel (Rice
bran oil methyl ester), 1.3% magnetite based ferrofluid and
0.2% surfactant by volume was used in a CI engine.

1. Experimental material & methods

1.1. Materials and reagents
1.1.1. Rice bran oil

Rice bran oil is best suitable for high-temperature cook-
ing methods such as stir frying and deep frying. It is ac-
cepted as cooking oil in several Asian countries. It has a
low-cost feed stock with high value added by- products. In
addition, the chemical properties of rice bran are closer to
that of petroleum diesel. The properties of transesterifed
methyl esters of rice bran oil fall well within the accept-
able limit of ASTM standards. Rice bran is obtained as a
by-product during polishing of rice from its kernel. Rice
bran is dried to remove the water present in it. It is then
fed to oil extractor which extracts oil by crushing. The oil
obtained is classified as defatted and crude rice bran oil.
Defatted rice bran oil with 16-20% of protein content is
used for edible purpose. Crude rice bran oil with 23-24%
free fatty acid is used as the main source of biodiesel pro-
duction process. Crude rice bran oil is converted into its
methyl esters of rice bran oil by conventional transesterifi-
cation process. The present work utilized refined Rice bran
oil. The alcohol used in this work was methanol and KOH
was used as catalyst for transesterifications.

1.1.2. Ferrofluid
Ferrofluid (Fe,O,) is prepared using the following Eq. (1).
FeCl, +2FeCl, +8NH, +4H,0 — Fe,O, +8NH,CL. (1)

Diameter of ferrofluid was in the order of 10nm
(Berger et al. 1999). Aqueous tri methyl ammonium hy-
droxide ((CH3)3NOH) solution is used as a surfactant to
improve the bonding between ferrofluid to methyl ester.
The most significant reason for using ferrofluid is that the
magnetic nano particles can be collected from exhaust us-
ing magnetic billets. Furthermore, it can be easily diluted

to biodiesel and as a result it can collect the benefits of
water- biodiesel emulsions.

1.2. Apparatus & procedure
1.2.1. Base fuel preparation procedure

Batch transesterification process is followed during con-
ventional transesterification. Molar ratio of vegetable oil
and alcohol is 5.9:1. 0.51% of catalysts (wt/wt) to rice bran
oil were used. Temperature is maintained at 60 °C dur-
ing transesterification process. Vegetable oil, methanol
and catalysts are then mixed and stirred at 280 rpm for
75 minutes. Further, the mixture is then allowed to cool.
The top layer from the mixture is separated, washed and
dried for further investigation. The ester obtained by con-
ventional transesterification is used as a base fuel. Table 1
shows the fatty acids compositions of rice bran oil using
Gas-liquid chromatography technique.

Table 1. Fatty acids compositions of rice bran oil

Fatty acids Percentage
Myristic acid 0.9%
Palmitic acid 21.5%

Stearic acid 2.6%

Oleic acid 37.7%
Linoleic acid 35%

a-Linolenic acid 2.3%

1.2.2. Modified base fuel preparations procedure
(RBOMEF)

0.3% of aqueous tri methyl ammonium hydroxide and 1%
of magnetite by volume is used in the study. Surfactant,
magnetite and methyl esters of rice bran oil are mixed us-
ing ultrasonic agitator. Stability test were performed to
view its phase change quality. Test results in homogeneity
of magnetite in methyl esters of rice bran oil and found
stable. The ester achieved by adding magnetite is referred
as RBOMEE

1.3. Base and modified fuel properties

Fuel properties of methyl esters and Diesel are shown in
Table 2. There is a significant change in all the properties
with addition of ferrofluid. 3.15% enhancement in Kine-
matic viscosity is observed by adding magnetite to methyl
esters of rice bran oil. This is caused by increase in re-
sistance among fuel layer. 2 °C increase in flash point is
observed by adding magnetite to methyl esters of rice bran
oil. Higher flash point is beneficial for safety measures.
0.02% increase in water content was found by adding
magnetite to methyl esters of rice bran oil. This is due to
presence of water content in ferrofluid. Higher water con-
tent will reduce the NO, emissions. Other property such
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as, density and calorific value of RBOMEF is enhanced by
2.96% and 2.61% respectively. This is due to positive ef-
fects of ferrofluid.

Table 2. Properties of test fuels

Properties RBOMEF RBOME Diesel
Kinematic Viscosity [cst] 6.56 6.31 4.2
Flash point [°C] 143 137 50
Water content [%] 0.152 0.131 Nil
Density [gm/cc] 0.911 0.881 0.821
Calorific Value [k]/kg] 39243 38223 42957
Cetane Index 54 52 45

1.4. Experimental set-up & testing procedure

Air cooled compression ignition engine is used for experi-
mentation. Technical specification of engine is illustrated
in Table 3. Engine exhaust pipe is linked to AVL444 di
gas analyzer having a maximum response time of 8 sec for
monitoring the engine emissions. The probe that is used
to the exhaust gas analyzer was placed inside the exhaust
pipe in which emissions such as HC, CO and NOx are
measured. Exhaust gas temperature was measured us-
ing K-type thermocouple made of Chrome-alumel with
digital indicating unit. U-tube manometer having one
end connected to tank and other end left free to ambi-
ent is used to measure the air flow rate. Pressure inside
the cylinder was measured with the help of an AVL pres-
sure transducer with sensitivity of 16.04pc/bar, linearity of
<+ 0.3% and the crank angle were inferred using a TDC
encoder. Both the pressure transducer and TDC encoder
were linked to a computer for monitoring and recording
the combustion parameters through AVL 617 indimeter of
software version V2.00. Details of gas analyzer are shown
in Table 4. Figure 1 shows the layout of engine and instru-
mentation set up.

1. Kirloskar TV1 engine 9. Air stabilizing tank

2. Eddy current dynamometer  10. Smoke meter and flue gas analyzer
3. Fuel tank 11. Pressure transducer

4. Fuel filter 12. TDC encoder

5. Fuel measurement setup 13. Charge amplifier

6. Fuel pump 14. Indimeter

7. Fuel injector 15. Monitor

8. Air filter 16. Exhaust silencer

Fig. 1. Layout of experimental setup

Table 3. Specifications of the engine

Make Kirloskar

Stroke 4

Number of Cylinders 1

Power rated 4.45 kW

Speed rated 1500 rpm

Bore diameter(D) 87.5 mm

Stroke length(L) 110mm

Compression ratio 17.5:1

Table 4. Details of gas analyzer

Parameters Make Accuracy UrIl{ceelitt:i’flty
CO 0.01 +3%
HC AVL gas + 10 ppm +2%
analyzer

NOx + 10 ppm +2.5%

1.5. Error analysis

The error analysis for HC emission are calculated using
the Equation (2)

57 (), ~(mc)) |

n—1

)

Ouc =

The uncertainty in A(HC) in hydrocarbons is calcu-
lated by Equation (3)
c
, ©)
Jn
where n= number of HC measurements,

HC = mean value of HC measurements,
Gy = unbiased standard deviation for HC mea-

surements.

By adapting the above equation, the error analysis of
other emissions such as CO, NOx and smoke were anal-
ysed.

2. Results and discussion
2.1. Effect of magnetite on emission parameters
2.1.1. Hydrocarbon emissions

Figure 2 shows the change in HC emissions for all the
test fuels with respect to load. Average HC emission
from diesel, RBOME and RBOMETF is 46.5 ppm, 44.7
ppm and 38.0 ppm at all loads respectively. Significant
reduction in HC emissions were observed for RBOME
and RBOMEF when compared to diesel. RBOME and
RBOMEEF have inbuilt oxygen content which helps in
improved combustion and lesser HC emissions. Pu-
han et al. (2005) found that reduction in HC emission
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was about 63% for methyl ester compared with Diesel.
Alam et al. (2004) observed significance reduction in
HC emission for methyl ester comparing diesel citing
ample availability of oxygen as the reason. By adding
magnetite to RBOME, 9.1% reductions in HC emissions
were found. Activation temperature of carbon combus-
tion is lowered by adding magnetite which performs as
oxidation catalysts. Similar trend was mentioned on the
experimental work by (Sajith et al. 2010; Kannan et al.
2011).

2.1.2. Carbon monoxide emissions

Figure 3 shows the change in CO emissions for all the
test fuels with respect to load. An average CO emission
from diesel, RBOME and RBOMEF is 0.07425, 0.06875
and 0.066% volume correspondingly. CO emissions
for RBOME and RBOMEEF are significantly lower than
diesel. This is due to enhanced oxidation reaction dur-
ing combustion owing to higher content of oxygen of
RBOME and RBOMEF. Puhan et al. (2005) found 70%
reduction in CO emissions when fuelled with Maua oil
methyl ester. For all the fuels, CO emission increases
with increase in load. This is due necessity of rich mix-
ture with increase in load to sustain steady power out-
put. Ulusoy et al. (2009) found increase in CO emis-
sion with increase in load citing decrease in air fuel
ratio at higher loads as the cause. By adding magnetite
to RBOME, 6.34% reductions in HC emissions were
observed. This is due to increased surface area to vol-
ume ratio of magnetite which improves the mixing rate
of air and fuel as cited by Lenin et al. (2013). Further,
RBOMETF has a lesser delay period due to the presence
of magnetite which results in complete oxidation. The
obtained result is justified with of similar work done by
Selvan et al. (2004), Kim, Choi (2010).

2.1.3. Nitrogen oxide emissions

Figure 4 shows the change in NO, emissions for all
the test fuels with respect to load. Average NO, emis-
sion from diesel, RBOME and RBOMEEF is 149, 175
and 197 ppm correspondingly. NOX emissions for
RBOME and RBOMEF are higher than diesel by 23.5%
and 18.74%. Since the peak pressure of RBOME and
RBOMEF is higher than diesel, higher NO, emissions
are obvious. By adding magnetite to RBOME, 8.49%
reductions in NO, emissions were observed. The pos-
sible reason is due to shorter ignition delay period for
RBOMEEF. By adding magnetite to methyl ester of rice
bran oil the combustion rate is improved. Further, the
water present in magnetite reduces the peak combus-
tion temperature thereby reducing NO, emissions for
RBOMETEF. Similar results were citied on the experimen-
tal work done by Shafii ef al. (2011).

2.2. Effect of magnetite on performance parameters
2.2.1. Brake thermal efficiency

Figure 5 shows Brake thermal efficiency of RBOME,
RBOMEEF with respect to load. It is inferred that BTE for
diesel is higher than RBOME and RBOMEE. This is attrib-
uted to higher viscosity of methyl esters when compared
to diesel. It was reported from the past information that
BTE decreases with the increase in cottonseed oil methyl
ester in the blends comparing diesel due to its higher vis-
cosity and lower heating value (Aydin, Bayindir 2010).
Moreover the calorific value of diesel is higher as com-
pared to RBOME and RBOMEF. Higher calorific value
leads to lesser requirement of fuel for delivering any given
rated power. BTE for RBOMEEF is higher than RBOME by
4.27%. Since the density of RBOMEF is 2.97% higher than
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RBOME the mixture momentum and penetration depth
in cylinder is controlled and result in shorter ignition de-
lay and enhanced combustion. Furthermore, the fuel with
higher density as in the case of RBOMEEF restrains spray
tip penetration, ensuing that the air fuel mixture is only
created at the core region of the combustion chamber ow-
ing to improved combustion (Raheman, Phadatare 2004).
The other reason is due to higher availability of oxygen
which enhances air fuel mixing and increase efficiency
Shafii et al. (2011)

2.2.2. Specific fuel consumption

SEC of RBOME, RBOMEF is shown in Figure 6. SFC for
diesel is least during the trail. This is because of higher
calorific value of diesel. Further, addition of ferrofluid
decreases SFC. Average BSFC for RBOMEEF is lesser than
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RBOME by 5.17%.This is due to positive effect of ferro-
fluid which reduces ignition delay thereby reducing fuel
consumption. The other reason is due to surplus avail-
ability of oxygen in RBOMEF which promotes improved
combustion and lesser consumption of fuel. Furthermore,
nanosized particles can be dispersed into high-tempera-
ture zones for direct oxidation reaction leading shorter de-
lay period thereby resulting in lesser consumption of fuel
(Shafii et al. 2011).

2.2.3. Pressure vs crank angle

Figure 7 shows the variation in pressure with crank angle
for RBOME, RBOMEF and Diesel at full load conditions.
Peak pressure of RBOME is higher than RBOMEF and
Diesel by 4.18% and 5.34%.Since the viscosity of RBOME
is higher by 5.94% comparing RBOMEF atomization and
mixing of fuel with air is not in uniform rate causing lon-
ger breakup length, lower dispersion rate and increased
ignition delay. Due to longer delay period more measure
of fuel is accumulated causing rapid increase in peak pres-
sure. Similar results were cited on the experimental work
by (Buyukkaya 2010).

It is also inferred that the peak pressure of Diesel is
lesser than RBOME and RBOMEE. This is due to reduced
fuel consumption of diesel in comparison with RBOME
and RBOMESUM ensuring improved atomization and
better combustion which result in shorter ignition delay
and lower peak pressure. It is also inferred that by addi-
tion of ferrofluid the peak cylinder pressure is reduced by
3.35%. This is due to shorter delay period and improved
ignition properties of nanoparticles which initiate the ear-
ly combustion when compared to RBOME as cited by (Ba-
sha, Anand 2011). The other reason is as a result of higher
cetane number of RBOMEEF which initiates faster evapora-
tion and improved combustion leading to shorter ignition
delay. It is also observed that the occurrence of peak pres-
sure is advanced with addition of ferrofluid due to shorter
ignition delay. This is due to surplus oxygen in ferrofluid
which promotes improved combustion. This is in agree-
ment with similar work done by (Buyukkaya 2010).

Conclusion

The following conclusions were drawn by adding magne-
tite to methyl esters of rice bran oil in a constant speed
diesel engine.

(1) 6.34% of CO emission is reduced by adding fer-
rofluid to methyl ester due to magnetite which undergoes
catalytic oxidation reaction and causing complete oxida-
tion during combustion.

(2) 9.1% of HC emission is reduced with addition of
magnetite. HC oxidation reaction is improved due to the
presence of ferrofluid which acts as an oxidation catalyst
and lowers the carbon combustion activation temperature.
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(3) 8.49% of NOX emission is achieved by doping
magnetite to methyl ester. This is achieved as a result of
latent heat of evaporation of water present in ferrofluid.

(4) Engine performance is enhanced by 4.27% along
with 5.17% reduction in BSFC. This is due to higher avail-
ability of oxygen which enhances air fuel mixing during
combustion. Ferro fluid also possesses desirable combus-
tion characteristics such as high heats of combustion and
fast energy release rates.

Adding magnetite to methyl esters of rice bran oil is
promising technique to offset the drawbacks associated
with it.
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APPENDIX

Sample calculation to find Uncertainty for HC emission

The five measurements of HC for RBOME are 25 ppm, 38 ppm, 48 ppm and 64 ppm.
The standard deviation for the measurements is

e =275 .
The uncertainty in HC is given by
2.75
A (HC) = V5 1223 ppm.

3
Relative uncertainty = x100% =1.91~2% .

In the same procedure, uncertainty of NO, and CO are calculated.
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