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Abstract
Article I:rlfn MNano yAl:D:s is one of the nanometal cxddes that has improved the characteristics of biodiesel.
Suleritted: The effect of vAl:Ds nanoparticles on premixed flame combustion was investigated with an
02,/02,/2021 experiment on the laminar flame speed of Calophyllum inophyllum methyl ester 30% and 70%
Remised: petrodiesel mixtures (CIME3D), at atmospheric pressure and fixed preheating temperature T =
13/03/2021 473K The yAl:Os nanoparticles added to CIME30 biodiesel were 0 ppm, 100 ppm, 200 ppm,
Accepted: and 300 ppm. Experiments were carried out en a bunsen bumner. The equivalent ratio of the
16/03/2021 CIME3-air mixtures is between ¢ = .67 - 1.17. Experiments revealed that the addition of
Omline first: nanoparticles to CIME30 biodiesel expands the flammability limit and increases the laminar
24/05/2021 flame speed. CIME30 without nanoparticles, flame was stable between © = 0,76 - 1,17. CIME30

with nanoparticles, flame was stable between © = 0,67 -1,17. The highest laminar flame speed
ocoarred at the equivalent ratio ¢ = 0LB3. The highest laminar flame speed of CIME30 0, 100,
200, and 300 ppm were 3077, 3450, 35.90, 38.45 cmy's respectively. The laminar flame speed
was found to indease with the nano yAl:Ds concentration. This ocours due to the catalyhic
effect of v Al:Os on biodiesel and its mixbures.

Keywaords: ywAl:Os; Bunsen burner; Equivalence ratio; Flame stability; Laminar flame speed

Abstrak

Namg yALOs merupakan salah sty oksida winometal yang depat meninghatkan barakteristik bindiesel.
Pengaruh nwoopariikel yALD: pada peonbabaoran api premiks diselidili dempan perocbum prda
kecepatan api Lowinar corpuran Calophyllom imophyllum metd ester 530% dan 70% petrodiesel
(CIMESQ), pade tebanan atmosfer dan suhu pemanasan qwal tetap T = 473K Nanopartikel pAl:Os
yang ditmmbahkan ke Fiodiesel CIMES0 adaiah 0 ppm. 100 ppw. 200 ppo. dan 300 ppm. Percobaan
dilelackan pada pembakar Punsen. Rasio ekuivalen caompuran udara CIME3D adalak mtora ¢ = 0.67 -
117 Hasil eksperimen mengunghaplon bahira penambalim nanopartikel ke biodiesel CIME3OD
memperiues bates mudah terbakar dan meninghotbon becepatan nyala laminar. CIME30 tampa
nanopartikel myala qpi stabil mtaa @ = 0.76 - 1.17. CIME30 demgan namopartikel myals api stabil
mautara ¢ = 067 -1.17. Kecepatun nyala api lowinar tertinggl terjadi pada rasio eldvalen @ = 0.53.
Kecepatan api larrinar tertinggi CIME3D 0. 100, 200, dan 300 ppm bertuwrut-turut adalah 30.77. 34.50,
33.90 38.45 om 5. Kecepatian api laminar ditewdoan meningiat dengan konsentrasi mang pALOs Hal
iri terjadi karena efek katalitik pAL:Os pada Fiodiesel dan campuranmya.

Kata-kata kunei: pALOy Pembakar bunsen: Rasio ekuivalen: Stabilitas aqpt Kecepatan api laming

1. Imtroduction friendly, cheap, technically acceptable, and
Alternative fuels need to reduce dependence abundant [1]. Biodj.e:sel is an alt?maﬁve.h.f_-l to
on petroleum and it must be environmentally replace petroleum diesel (petrodiesel). Biodiesel

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0

e HT_HE International License.
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has produced from plant oil or animal fat.
Biodiesel is better than petrodiesel because of its
low toodcity, remewable, and enviromnmentally
friendly properties [2]-[4]. Bicdiesel in a diesel
engine (compression-ignition engine) has reduced
exhaust gas density but increase fuel consumption
because the combustion heating value of biodiesel
lower than petrodiesel [5], [6]. Biediesel exhaust
gas has contained more nitrogen oxides MOwx, but
unburned hydrocarbons (HC), carbon monorwide
(CO) are lower than petrodiese]l [7]-[11]. MNano
metal oxide additives have been used to improve
the characteristics of biodiesel. Wano metal oxides
are catalytic while a combustion reaction occurs in
the combustion chamber and it increases
combustion effidency [12]-[14]. MNano metal
oxides that have been researched as additives to
biodiesel include yAL:Os [15], CeO: [16], Ti0: [17],
Zni2 [10], NiOx [18], Ehodium [19], and 580: [20].

Aluminum owide, alumina (Al:05), is one of the
most attractive ceramic materials for a wide
wvariety of applications. Alumina (AlQ:) has a
phase transition v, 6, and 8 before becoming the
most stable (x-Al0s) phase [21]. Nano yvALO: is
one of the nanometal oxddes that has improved the
characteristics of biodiesel. The heating value of
jatropha biodiesel have been increased with the
addition of the yALO: concentration. The thermal
heating value of jatropha biodiesel without vALOs
has 38.88 m[/kg. Jatropha biodiesal with vALO: 25
ppm has increased 1%, and 50 ppm has increased
2% from jatropha biodiesel without vAl:Os [22].
The cetans number and the calorific heating value
also have increased in palm cil methyl ester (PME)
as the increasing concentration of vAlLQO: The
cetane number at PME 0 ppm has CN =51. PME
25, 50, 75, and 100 ppm hawve increased cetane
number to 55, 59, 62, 63 respectively. The heating
value of PME 0 ppm has 33490 J/kg. PME 25, 50,
75, and 100 ppm hawve increased heating value to
38520 Jikg, 38560 J/kg 38582 J/kg, 38590 Jikg
respectively [23].

Laminar flame speed is the main parameter
usad for the design and optimization of internal
combustion engines, gas turbines, and other
combustion devices operating on premixed
flames. The nanoparticles fuel mixture affects the
speed of the laminar flame. The combustion of
aluminum particles methane-air mixture causes
the release of additional heat, which will most
likely imcrease the ratz of combustion [24]. The

laminar flame spead of butane-air has increased
by 189% and 29.1% in terms of the addition of
aluminum nanoparticles by 2 wit% and 5 wt%,
respactively [25].

Surfactants are uses to increase the stability of
the dispersion of nanoparticles biodiesel mixture.
Cetylirimethylammonium bromide (CTAB) is one
of the examples of surfactant. CTAB hasbeen used
to stabilize AlO: in palm oil biodiesel. CTAB has
been added at 0.1 mg per liter of palm oil
biodiesel. The Al:D: nanoparticles is stables the
bicdiesel for more than % hours [26]. Besides
CTAB, span 80 and tween 80 with HLB & have
been used to stabilize AlX0: nano particles to J20
biodiesel mixture [15]. The Al:O: nano particles
are stables for 30 minutes to biodiesel in a long
pipe. Howewver, surfactants hurt the combustion.
Surfactants reduces the droplet burning rate
because a surfactant laver is formed around the
primary droplets which inhibits air diffusion [27].

Bunsen burner is the most widely used tools
for measuring laminar flame speesd. Bunsen
bumer have a simple shape and good flame
structure [28]. Several other studies on the speed
of laminar flames using a bunsen bumer hawve
conducted by several researchers. By using a
bunsen burner, kapok seed oil glycerol has been
required a lot of air so that the highest laminar
flame speed has ocourred at an equivalent ratio of
(.36 [29]. Laminar flame spead for the dies=l/air
mixture and palm methyl ester (PME)/air at 470 E
has around 86.7 and 86.% cm/s at an eguivalent
ratic of 1.10 and 1.14 [30]. Also, by using
C:He/Opf/COz  the laminar flame speed has
increased with the addition of O¢ concentration.
Concentrations of Oz were added (28, 33, 36, and
40%), and the highest laminar flame speed have
occurred at the equivalent ratio of 1.0 and 1.1 [31].
In addition to the fusl mixture and its equivalent
ratio, preheating also affects the laminar flame
speed. By using CHs-Hy/air-fuel and a preheating
temperature of 20 to 100 C, the laminar flame
speed has increased with the addition of a given
preheating temperaturs [32].

Therefore, this study aims to the effect of
adding nano yAlx0: on the laminar flame speed of
Nyamplung oil biodiesel (Calophyllum
mophyllum). The combustion of biodiesel is carried
out using a bunsen burner at an equivalent ratio
of 0.67 to 1.17. The fuel used undergoes constant
preheating and at atmospheric pressurs.

Automotive Experiences
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2, Methods

21. Fuel preparation

Diesel fuel obtained from PT Pertamina
Tanjung Wangi BBM terminal, supply, and
distribution region V, Ketapang Banyvuwangi,
Indonesia. Biodiesel made from Nyamplung seed
oil  obtained
Bondowose, East Java, Indonesia. Nyamplung
extracted mechanically. Biodiesel produced by
esterification transesterification of
Nyamplung oil triglycerides.

Table 1 shows the specification of nano yAl:Os.
Nano vAl:0: obtained from the Advanced
Materials Laboratory, University of Jember. Nano
vAl:O: characterized using XED. The average size

from MNyamplung seed in

and

of nano yALO: is 26.37 nm with a gamma phase
i)-

Table 1. Specification of nano vAlL:O

surfactant was added at a concentration of 1% w/v.
The surfactant is span 80 and tween 80 with
hydrophilic-lipophilic balance (HLB) = 8 [13]. The
concentration of nanoparticles is 0, 100, 200, and
300 ppm. The ppm concentration calculated by
mass. The mnanoparticles biodiesel mixture
observed for 24 hours to ensure stability. After
ensuring that the mixture was stable, combustion
and characterization tests are carried out.

2.3. Characterization

Figure 1 shows the result of the CIME
chromatography test. A chromatography test
estimate the air-fuel The
chromatography test was carried out at the Jember
Polytechnic Bioscience Laboratory. The peaks and
areas of 1 to § is indicates the percentage of
molecules  from Methyl laurate to Methyl
arachistate. Table 2 shows the percentage of

used to ratio.

Manufacturer Jember university molecules composition of CIME from the
advanced materials chromatography test.
laboratory
Particls colour White Table 2. Percentage of molecules composition of CIME
Average size (TEM) 26.37 nm from the duomatography test
Shape Spherical Molecalar
: 2 M N f molecule %
Purity B2.5% o ame of mao ormmla (%)
- _ 1 Methyl laurate CuHD: 0.62
2 Methyl myristate CusHaolDz 2.97
2.2, Mixing 3  Methyl arachidonate  CaHaD: 144
Calophyllum inophyllum methyl ester and 4+ Methyl palmitate CrElals 2377
petrodiesel was mixed in the ratio of 30:70 5 Methyl margarate Cuilnh D"I:
(CIME30). vALO: nanoparticles and CIME30 was ~ ©  Jieiiylcleate e 4582
o vieine 40 EHa wlteacorte bath i 30 ot 7 Methyllincleate CrllsD: 275
HLEG using z wiirasorue bathin U miniies g Methyl arachistate  CnHuO: 2.71
[22]. To increase the stability of the mixture,
Cworatogram Bodiesed Nyasmphog
:;‘::El {1 1118
7
‘ |
l ‘
i
1
1
1
|
0 <0
Figure 1. Chomatograph of CIME
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Table 3 shows the phvsiochemical results test
of biodiesal and mixtures. Physiochemical testing
of CIME3) and mixture was carrded out to
determine the effect of adding nanoparticles on
density, kinematic wiscosity, flash point, and
heating calorific walue. The characteristics of
CIME30 and mixture was tested in Sepuluh
MNopember Institute of Technelogy, Surabava.
1Al nanoparticles affect the physiochemical of
fusls. The addition of vADLO: nanoparticles
decreased the viscosity of CIME [18], [23], [33] and
low wviscosity enhanced atomization of fuel [15].
The addition of nanoparticles also increased the
heating calorific value of the combustion and
flashpoint [34], [35]. The flashpoint decreased
with the addition of the nanoparticles. This is also

24. Experimental setup and procedure

Bunsen burner that made from stainless steal
used to determine the premixed flame
characteristics of the CIME3) and its mixiures.
Figure ? shows the schematic diagram of the
experimantal setup. Fuel flowed at a constant
speed using a syringe pump. The fusl and air
heated at 473 E at inner wall temperature of
stainlessstee]l pipe. The dimension of bunsen
burner is 10 mm of inmer diameter and 12 mm of
outer diameter. The air flowed by a pressurized
compressor and regulated using 0.5 LPM of
airflow meter. The air varied from an equivalent
ratio of 0.67 to 1.17. The Canon EOS5 m100 used to
take videos. The video settings are 60 fps, shutter
speed 171250, F6.3, and IS0 1250. Then, videos was

in line with Gad 2020 [15]. converted into image using Image-J.
Table 3. Properties of fuel (CIMEZ30)
Density 15 *C  Kinematic viscosity Flash point Calorific value
Fuel (gfem® 40°C (CST) C) (Kcal/Kg) ASTM- Faf.
ASTM-DMI98 ASTM-D45 ASTM-DR3 D240
CIME 0 ppm 08558 5.5 101 10,295.00 Present
CIME 100 ppm 08641 5 100 10,495 40 study
CIME 200 ppm 08535 4.4 104 10,245 40
CIME 300 ppm 08553 3.6 97 10,571.00
FPMEAID ppm - 4.8 130 - Erupakaran
PMEA 125 ppm - 476 160 - [18]
PMEA 50 ppm - 474 168 -
FPMEA I75 ppm - 473 172 -
PMEAI 100 ppm - 473 180 -
Diesel 0E2 2. B4 &8 10,1500
BDE 05402 2.56 20 9,549.54 Venu [23]
BEDE+AL 08372 257 x2 9,356.31
PBD - 3.84 54 (D-576) 940671 Verm [22]
PBDH25 Al:On - 392 35 (D-978) 9492093
PEDH+50 AlDh - 388 5B (D-976) 9,557 .66
Ve Clow meter Flawe d
‘iwr Cenviare
Air filser Thermaocouple hermocouple

Air compressor

Thermocomirol

Thermocantrol

Vringe prawp

Figure 2. Schematic diagram of the test setup
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Figure 4 Method of image processing: (a). The image
I I of bunsen flame, (b) Edges of bunsen flame, and (c)
ug Measuring the cone angle of the flame

Flame height and angle are primary data.
Primary data converted into laminar flame speed
data using Eq. (1) and Eq. (2). Then, Fipure 3 shows

the illustration of the cone bunsen flame angle.

Figure 3. Dlustration of cone bunsen flame angle [3£] 3. Result and Disouassion

3.1. Flawe stability
- Figure 5 shows the corresponding flame images
Eq.(1) of CIME30 0 ppm, 100 ppm, 200 ppm, and 300

ppm. The result show that the brighter the flame

The laminar flame speed is determined by

— I =i .
1= Ugsin & (1) color was found to increase with the Al:Os

With- concentration
51
U, =5peed of reactants (cm/s) 117 1.1 pe1 | 083 | arg | 067

laminar flame speed (cm/s)

a = half of the bunsen bumer flame angle ()

The speed of the reactants is determined by

Eq.(2):

_ rues T Qi

o, (2}
Ap
With:
Qrues = fuel flow rate (cm?/s) Oogmm
Qar = air flow rate (cm’/s)
Ay =bumer cross-sectional area (cm?)

The experimental test was carried out from the
equivalent ratio ¢ = 0.67 - 1.17, where the equality
ratio is defined in the Eq.(3). 2ippm

_ (Qfuel/Qairjactual
¢: - (Qfuel/Qair)stoic

Finally, Figure 4 shows the image processing
using the Image-] program. Figure 4a show the g
image from the camera (digital picture), Figure 4b
shows the edges of flame from Image], and

Figure 4c shows the measurement of angle from

Image-]. Figure 3. Fhoto of the experimental bunsen flame
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The oxygen moleculs broken down from
YALO: reacts with the fuel causing excess oxygen.
oxygen molecules turn the flame brighter. this
also occurs in the combustion of CaHa/02/C Oz The
higher the oxygen concentration had been the
brighter the flame comtour and the stronger the
combustion reaction rate [31].

Figure & shows the flame stability map. The red
solid triangle symbol is to indicates that there was
a stable flame. The black solid triangle symbal is
to indicates that there was a diffusion flame. The
redline triangle symbel is to indicate that there
was blow-off the flame.

f Bk ol A Elmbiopremixedfama & Oifsionfama |

N n n n n

< 1T & & i &
2

E 1.014 & & & 4
]

g 0914 & & i &
]
:

g (837 i - o o
o
w

.76 ' & A '

067 & i i n

L T T T T

Gppm 100ppm 200ppm Adppm

Mano yALD, concentration
Figure 6. Flame stability map

Diffusion flame occurs due to excess fusl
Excess fuel reacts with the ambient air and
produces a diffuse flame. The combustion of
CIME3] biodiesel without the addition of nano
vALO: shows that the stable flame was ocourred
at an equivalent ratio of 0.76 to 1.17. CIME30 with
the addition of nano yA1:0: 100, 200, and 300 ppm
stable flame was occurred at an equivalence ratio
of 0.67 to 117. This happened because of the
catalytic effect from nano vALO:. Catalysts have
taken place in combustion under fuel-lean
conditions [37].

3.2, Effect of namoparticles om laminar flame
speed
Figure 7 shows experimental of laminar flame
speed biodiessl and mixture. Then, Figure 8 shows
a comparison of present study's laminar flame
speed with previous studies. Experiments indicate
that laminar flame speed ncreassd and decreased

with increasing equivalence ratio. The trend is the
same with other hydrocarbon combustion research
as petrodiesel, palm oil methyl ester, CHs, and
ethyl-benzene [30]. The highest laminar flame
speed occurred at the equivalent ratio of 0.83. The
highest laminar flame speed of CIME30 0, 100,
200, and 300 ppm were 30.77 = 2%, 34.50 = 3%,
3580 £ 3%, 3845 + 2% om/s respectively. This
research is in line with the Combustion of Kapok
(Ceiba pemtandra) seed oil research on Perforated
Bumer. Combustion of Ceiba pentandra seed oil has
required a lot of air so that the highest flame speed
ocours at an equivalent ratio of = 1 (fuel-lean)
conditions [29].
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35 ' .
34 ~ 8 |
33 { |
324 i 1 . 4 1
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go] [ i 1 ¥ 1
Exmd | I
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26 '
i:l ¥ CIME Oppm ] 4
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23| & CMME 36pom i |
;-1?- s CEME 300pom
Y ) o8 ' " 12
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Figure 7. Laminar flame speed of bicdiesel and

mixhire
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Figure 8. Comparison of laminar flame speeds

The laminar flame speed measurement of
ethyl-benzene/air is higher than cur measurement

but has the same trend. This happens because the
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heating temperature of ethyl-benzenefair is
greater than in our study. The higher the
preheating temperature, the higher the laminar
flame speed [38]. Ethyl-benzenes iz ome of the
alkylbenzenes molecules aromatic class found in
diesel fuel [39]. Ethyl-benzene/air has a peak
laminar flame speed which tends to be rich in fuel.
CHy/air mixture laminar flame speed 300 K has a
laminar flame speed peak that is almost the same
as our research CIME30 300 ppm, but a different
equivalent ratio.

vAO: has catalytic properties. This statement
is also reinforced by the results of fuel
characterization. The higher the concentration of
nano alumina has added te biodiesel the higher
the calorific heating value of the combustion.
1Al are nanoparticles that have high purity
and excellent dispersion and high specific surface,
with resistance to high temperatures and inert,
and high activity [40]. Figure 9 shows a graph of
laminar flame speed wvs the concentration of
vAlXD: in part per million (ppm). vAl:D: has
affected the laminar flame speed of biodiesel
Experiments show that laminar flame speed has
increased with the increase of name vALO:

concentration.
=i . v ' T - T
L] 1.17
Bl » 1.0 :
i 0.e1 2
w4 v 0B ;
« 078
a4 4 0E7 H o
E ™ L] i
Eaz- 4
et
7]
i ! ]
. -
I8 4
L]
26 .
7] = . ' .
Dpam THlppen 200ppm Ippm

Mano ¥ AlLO, Concentration

Figure 9. 51 vs yALO:nano particles conceniration

The CIME30 laminar flame speed increased by
3%, 6%, and 14% on average with the addition of
ALz of 100, 200, 300 ppm, respectively across all
aquivalent ratios. Equivalent ratio 0.83, the
laminar flame speed increased by 3%, 7%, 16%
with addition of aZo3 100, 200, 300ppm
respectively. This is in line with Huang's study
[41] which states that the in the

increase

percentage of manoparticles within the mixture
enhanced its flame speed. Flame speed of laminar
butane-air increases by 18.9% and 29.1% in terms
of the addition of aluminum nancparticles by 2
wi? and 5 wi%, respectively [25]. The flame speed
will likely increase due to the release of heat
energy from the aluminum nanoparticles [42].
Moreover, low viscosity emhanced atomization of
fuel highsr atomization rats resulted in a better
air-fuel mixture for complete combuston [12],
[15].

vAOs also shows catalytic properties in diesel
engine combustion. characteristics of fuel and
combustion were increase indicated by adding
nanoparticles [15]. The nano-sized particles have
a reactive surface that aids reactivity as a potential
catalyst. The nanoparticles in the biodiesel blends
increase the surface area to volume ratio for better
catalytic effect and better combustion. The
combustion of nanoparticles ocours in two stages.
In the first stage (primary stage), nano additives
tend to mix with biodiesel as a binding
mechanism and their chemical structures tend to
break so that they accelerate the reaction.

al,0; — al,0+ 20 i4)

1
Al,0 — 24l +501 (5)

In the second stage (secondary stage] the
oxygen molecules present in the vALOs structure
are liberated. This liberated cocvgen together with
higher heat reacts with unburmed hydrocarbons
and thereby increases the rate of combustion [26].

4. Conclusion

The main objective of this study was to
determine the effect of vALO: concentration and
its equivalent ratio on the laminar flame spesd of
calophyllum inophyllum methyl ester 30%
(CIME30). Laminar flame speeds were
investigated using a bunsen bumer at a fixed
temperature and atmospheric pressure. yAlOs
was chosen because it can improve the
characteristics of biodiesel according to previous
studies. It also happens in our research that
TAI203 increased the heating calorific value of
combustion up to 10571.0 kealkg, and reduced
the viscosity up to 3.6 c5t. The equivalent ratio (d)
was 0,67 until 1.7. The concentrations of yAliDs
added were 100, 200, and 300 ppm. The highest
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laminar flame speed of CIME30 and its mixture
has occurred at © = 0.83. The laminar flame speed
increased by 3%, 7%, 16% at CIME30 100, 200, and
300 ppm, respectively. In addition to the laminar
flame speed, the flame stability of CIME30 with
1AL was increased. CIME30 with nano yAl:QOs
100, 200, and 300 ppm, flame was stable at an
equivalent ratio © = 0.67. However, the CIME30
without the nano yAL:Osz, the flame was left off at
an equivalent ratio ¢ =0.67. This occurs due to the
catalytic effect of yALO: on biodiesel and its

mixtures.
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MNomenclature

- : Mixture equivalence ratio

BEDE :  Mixture of biodiesel (20%), diesel (70%), and ethanol (10%)

BDE+AL :  Mixture of biodiesel (20%), diesel (70%), and ethanol (10%), AlaO: 25ppm

CIME 1 Calophyllum inophyllum methyl estar

CIME30 :  Mixture of celophyllon teophylhon methyl ester 30% and petrodissel 70%

CIME 0 ppm Mirdure of calophyllum mophyllumn methyl ester 30% and petrodiesel 70%

CIME 100 ppm Mirdure of calophyllum tnophylhon methyl ester 30% and petrodiesel 70%
YALD: 100ppm

CIME 200 ppm Misdture of calophyllum tnophyllum methyl ester 30% and petrodiesel 70%
yALD: 200ppm

CIME 300 ppm Misdture of calophyllum tnophyllum methyl ester 30% and petrodiesel 70%
YALD: 300ppm

CTAB Cetyltrimethylammonium bromide

PMEAL Palm oil methyl ester biodiesel + yAL:Os

20 Jatropha biodiesel 20% + petrodiesel 50%

HLE Hydrophilic-lipophilic balance

PED Polanga biodissel

PBD-+25 AlOs Mibxdture of polanga biodiesel + 25 ppm AlOs

PBD-50 AlOs Mixture of polanga bicdiesel + 50ppm Al:Os

PME Palm oil methyl ester

51 laminar flame speed (cm/s)

TEM Sanming electron microscope

XERD X-ray diffraction
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