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ABSTRACT
In 2016, the mandatory use of biodiesel as a substitute fuel by up to 20%, as introduced by the
Indonesian Ministry of Energy and Mineral Resources, forced vehicle manufacturers to invent
suitable engines that would accept biodiesel. The use of biodiesel in such a large proportion is
highly risky, particularly due to the formation of deposits in the combustion chamber engines.
The previous method of fuel droplets are placed on a hot plate approach produces deposits are
slightly different from those generated by a real engine, therefore to obtain realistic deposits it
is necessary to modify this method so temperatures as hot as those in a real engine. In this
study, the potential deposit formation of biodiesel fuel was examined by conducting the
deposition process and the evaporation of fuel on a stainless-steel plate (SS), which was placed
in a closed space. Deposit characterization was carried out on a hot plate using Scanning
Electron Microscopy (SEM). The test results showed differences in the structures of the
deposits produced by biodiesel and diesel fuel; fine structures were seen in the former, while
those of the latter were rougher and more porous. Deposit results that are similar to what is seen
in a real engine will be very helpful for knowing the patterns, structures, and mechanism of the
formation of deposits in such an environment.
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1.

INTRODUCTION

At present, petroleum fuels remain the main propellant for automobiles, ships, and aircraft;
unfortunately, such fuels are natural resources that cannot be renewed. For this reason,
Indonesia can no longer rely on fossil fuels. That country is rich in natural resources, including
vegetables, which have the potential to be used as alternative sources of power. These abundant
resources will go to waste if they are not used to eliminate the dependence on fossil fuels.
In 2016, the Indonesian Ministry of Energy and Mineral Resources (ESDM) encouraged the use
of defined biodiesel-related policies. Blend 20% biodiesel in diesel fuel known as B20 should
begin to be used as a fuel; it seems certain that this development will encourage the automotive
industry to develop a diesel engine that able to consume B20. However, this introduces another
problem, because a high percentage of biodiesel will cause the growth of deposits inside the
internal combustion chamber; a solution to this issue is yet to be found. Accordingly, a
comprehensive study is needed to identify how best to address the dilemma. This paper
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describes just such a study.
The experiment comprised a repeated fuel evaporation process on a plate that was placed in a
heated room. The standard and quality of biodiesel as an alternative fuel in Indonesia is
regulated by the Decree of the Director General of Renewable Energy and Energy Conservation
(DJ ETBKE) No. 723 K/10/DJE/ 2013, which refers to the ISO 7182:2012. This method was
used to overcome the complexity of the test deposits in the engine and to conserve time, fuel,
and the cost of testing. Such a technique has also been deployed by other researchers (Arafin et
al., 2008; Arafin et al., 2010). However, in those studies, the test rig used an open system; or in
other words, only the plates were heated. In the present study, the hot plate was placed in an
enclosed space so that it and the room temperature could be homogeneous while the pressure
remained constant. This set-up was sufficiently close to real conditions; in other words, the hot
plate was analogous to the engine’s surface components in a closed environment. The idea was
to answer the question of how growths could be deposited at both low and high temperatures.
2.

EXPERIMENTAL SETUP

2.1. Fuel Testing Method
The diesel fuel used was Pertamina B0, while the biodiesel fuel deployed was B100 FAME..
The biodiesel can be seen in Appendix I.
The test was conducted by putting droplets on a plate, which was then placed inside a hot
chamber. The temperature of the chamber was assumed, as combustion chamber diesel engines’
temperatures can be varied as needed. The hot plate used was of AISI 304 material, with
dimensions of 0.8 mm  100 mm  100 mm (length  width  thickness).
No.
1

Equipment
Fuel container

No.
9

2

Fuel container holder

10

3

Solenoid Valve
Shako PU220AR0224V
Needle

11

Entry hole of droplets
into the hot chamber
Hot chamber up to
1200 °C
Hot chamber door
Hot plate (AISI 304)

13

4
5
6
7
8

12

Equipment
Hot chamber temperature
control
Thermocouple module type
K (Max6675)
Microcontroller Arduino Uno
R3

14

Power Supply 24 V DC &
Relay Solenoid
Laptop, temperature display,
& microcontroller program
Video camera

15

Thermocouple type K

Figure 1 Test equipment for hot chamber surface temperature test rig

2.1.1. Evaporation process for single droplet
The evaporation test was key for obtaining the evaporation characteristic of each type of fuel. In
this process, a hot plate, inside a hot chamber temperature deposition test rig, was impinged by
fuel. This procedure was conducted twice for each temperature. The fuel evaporation process
was recorded using a video camera, from the time a droplet was released from the needle until
the fuel was completely evaporated.
2.1.2. Deposition process for multi-droplet
In this process, the tested fuel was dropped continuously at intervals of three seconds onto a hot
plate that had been conditioned in the hot chamber temperature test rig. For each temperature,
the fuel was dropped up to 10,000 times, with weighing being conducted every 2,000 drops.
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The mass of each drop was measured using a density meter. To reduce uncertainty, one drop of
fuel mass was calculated by the volume of 100 drops.
After the plate was inserted into the hot chamber, the latter was set to the required temperature,
before being kept stable for 10 seconds. This was to ensure that the temperature of the hot plate
was equal to that of the chamber.
2.2. Fuel Properties Measurement
Measurement of the fuel’s density and viscosity was performed using the Anton Paar SVM
3000 Stabinger Viscometer. Mass measurements were done with digital analytical scales
(ADAM PW 254). The surface deposit contour was observed using a digital microscope KH8700 HIROX series, while the deposits’ structure was examined via Scanning Electron
Microscopy (SEM). Tests were conducted in the Metallurgy and Materials Engineering
(DTMM) Department Laboratory, Faculty of Engineering, University of Indonesia.
3. RESULTS AND DISCUSSION
3.1. Evaporation Test Results
The B0 evaporation time at a temperature of 260oC was 6.02 seconds, while for B100 it was
40.63 seconds. Meanwhile, the B0 evaporation time at 300oC was 4.2 seconds, while that of
B100 was 24.7 seconds; for both these temperatures, B100 took longer than B0 to evaporate
completely (Figure 2).

B10
0
B0

Figure 2 Evaporation time for single droplets of B0 and B100 as chamber temperature function

MEP

MEP

Figure 3 General evaporation characteristics (left). Evaporation characteristic of the fuel droplet of B0
(top right) and B100 (bottom right)
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The data clearly showed the evaporation time differences between the two fuels. The transition
boiling regime for B0 and B100 started at a temperature of 350oC and ended under temperatures
of 500oC for B0 and 450oC for B100. B0 began to burn at temperatures of 500oC, while the
B100 did so at 450oC. B100 had a lower auto-ignition point than B0, which shows that it has a
higher cetane number.
As shown in Figure 3, the maximum evaporation rate point (MEP) temperature of B0 was
around 360oC, while that of B100 was around 410oC. Therefore, MEP occurred earlier for the
former than for the latter.
3.2. Antimicrobial Activity of Synthetic Organophosphorus Compounds
3.2.1. Deposit mass
Table 1 shows that the deposit attached to the plate was a function of temperature and fuel. At a
temperature of 260ºC, there were great differences between B0 and B100. However, if the
temperature was increased from 260 to 300oC, the deposit mass reduction looked very different.
The reduction of B0’s mass was very significant, at about 7, while this was only 1.7 for
B100.
Table 1 Deposit mass produced from the multi-droplet deposition of 10,000 drops
Temperature
(°C)

Fuel
B0

B100

mass: 119.7 mg

mass: 190.3 mg

mass: 16.4 mg

mass: 109.1 mg

260

300

At 260oC, the deposit character of B0 was slightly dry, while B100 deposits tended to be wet.
At 300oC, B0 deposits tended to be dry while deposits of B100 still had wet portions.
3.2.2. Shape of surface and deposits structure
The Figure 4 shows surface shape of both fuels, at a temperature of 260ºC, was similar. Near to
the surface, the core droplet was seen to be rough; however, B0 tended to be corrugated
compared with B100. The surface deposit contour was observed using a digital microscope KH8700 Hirox series, while the structure of the deposit was assessed via SEM. The microstructure
of B100 deposits tended to be smooth, with smaller pores.
On the edge of the deposits as shown in Figure 5, which comprised most of their volume, B0
produced a rough, even surface with small pores, while B100 had a smooth surface, but some
sections had large pores. This can be observed from the SEM images below. Visually, B100
was seen to be wet, which could mean that it had material that took longer to evaporate.
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Figure 4 Surface shape and structure of deposits near the core for B0 (left) and B100 (right) at
260oC, with magnification of 500 and 10,000

Figure 5 Surface and structure of deposits away from the core for B0 (left) and B100 (right) at 260oC
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Figure 6 Surface shape and structure of the deposits near the core for B0 (left) and B100 (right) at 3000C

Figure 7 Surface shape and structure of deposits away from the core for B0 (left) and B100
(right) at 300oC
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Both close to the core of the droplets and at their side edges as shown in Figures 6 & 7, it could
be seen that while the B100 deposits tended to be smooth, they were more porous and wetter
than those of B0. At the core of B100, deposits were seen to be higher. There were also
fragments deposited on the outer side of the deposits of B0 and B100, comprising dried and
volatile material.
At temperatures of 300oC on a smooth part of the deposit, B0 had pores that were larger than
those of B100, but of lower intensity. The rough parts of B0 deposits were also more porous.
Physically, with increasing temperature, a small porous deposit had more difficulty evaporating.
When compared at temperatures of 260oC and 300oC, both fuels narrowed in diameter. Cracked
sections at 260oC did not appear at 300oC. The mass was reduced in B0 by 7, while for B100
this was just 1.7. Therefore, it can be concluded that the existence of a mass that had a high
boiling point in the deposit of B100 hampered the evaporation of such a deposit.
4.

CONCLUSION

Based on test data, it was seen that B0 evaporation time was faster than that of B100 at each
temperature, to a temperature of MEP. After reaching the MEP temperature, evaporation rates
tended to be similar. This was likely due to the B100-forming compounds consisting of long
chains that were not easily evaporated. The MEP of B0 occurred at lower temperatures than
B100. Evaporation time affected the area and amount of the deposit formed. The faster the
evaporation time, the smaller the area of the deposit generated. On B0, the closer the room
temperature was to the MEP, the more intense were the pores, but the distribution drastically
narrowed. Meanwhile, on B100, the more temperatures neared the MEP, the less pores were
produced. Temperatures that rose to near the MEP resulted in hard deposits, while
temperatures far below MEP produced wet deposits.
5.
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APPENDIX 1
Standard and quality of Indonesian biodiesel (SNI 7182:2012)
No.

Parameter

1

Density
at
Temperature 40 oC
Kinematic viscosity
(Temperature 40 oC)
Cetane number

2
3
4

5
6

7

8
9

Flash point
(closed
condition)
Cloud point

Requirem
ent
850-890

Units
(min./max.)
kg/m3

2.3-6.0

mm2/s (cSt)

51

min.

100

o

18

o

C, min.

cup

Copper
plate
corrosion
(three
hours)
Carbon residue
on 10% distillation
residue
Water and sediment

C, max.

1

0.05
0.3
0.05
360

-

ASTM D-1298/D-4052/
see part. 9.1 SNI 7182:21012
ASTM D-445/ see part. 9.2 SNI
7182:2012
ASTM D-613/D-6890/
see part. 9.3 SNI 7182:21012
ASTM D-93/
see part. 9.4 SNI 7182:21012
ASTM D-2500/
6see part. 9.5 S7NI 7182:21012
ASTM D-130/
see part. 9.6 SNI 7182:21012

%-mass, max.

ASTM D-4530/D-189/
see part. 9.7 SNI 7182:21012

%-vol., max.

ASTM D-2709/
see part. 9.8 SNI 7182:21012
ASTM D-1160/
see part. 9.9 SNI 7182:21012
ASTM D-874/
see part. 9.10 SNI 7182:21012
ASTM
D-5453/D-1266/D4294/D-2622
see part. 9.11 SNI 7182:21012
AOCS Ca 12-55/see part. 9.12
SNI 7182:2012
AOCS Cd 3d-63/ASTM D664/see part. 9.13 SNI 7182:2012
AOCS Ca 14-56/ASTM D6484/see
part.
9.14
SNI
7182:2012
AOCS Ca 14-56/ASTM D6484/see
part.
9.14
SNI
7182:2012
SNI 7182:2012/see part. 9.15 SNI
7182:2012
AOCS Cd 1-25/see part. 9.16 SNI
7182:2012
EN 15751/see part. 9.17.1 SNI
7182:2012

o

10

Distillation
temperature 90%
Sulfate ash

0.02

%-mass, max.

11

Sulfate

100

mg/kg, max.

12

Phosphor

10

mg/kg, max.

13

Acid number

0.6

14

Free glycerol

0.02

mg-KOH/g,
max.
%-mass, max.

15

Total glycerol

0.24

%-mass, max.

16

Metyl ester content

96.5

%-mass, min.

17

Iodium number

115

%-mass, max.
(gr-I2/100 g)

18

Oxidation stability,
induction period:
Rancimate method
Oxidation stability,
induction period:
Petro-oxy method

360

27

Method

C, max.

ASTM D-7545/see part. 9.17 SNI
7182:2012

