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Abstract

This study focused in the effect of water content on biofilm and bio-corrosion, and knowing its influence on biodiesel-diesel blends’ quality.
Biodiesel is hygroscopic and less stable, makes this fuel needs more attention in storing. Fuel is usually stored in a storage tank of carbon
steel which easily corroded by microorganisms, such as Bacillus megaterium. Corrosion occurs because microorganisms use fuel as nutri-
ents and water content in hygroscopic biodiesel supports to grow and metabolize. Experiments were carried out by immersing carbon steel
in medium 30% biodiesel (B30) for 21 days with water content variation of 0%, 5%, and 10% volume. The number of colonies in biofilms
increased up to 1,3 times in a 10% water content. A uniform biofilm provides an inhibitory effect on corrosion per time, also layer of iron
phosphate formed on water content variation, so the highest 0.642 + 0.28 mm/year on 0% water content. Fe20s3, FesO4, and FeOOH are the
corrosion product by Bacillus megaterium. The highest biodegradation efficiency achieved by variation water content both 5% and 10%
were 68.5% and 67.23%, and then followed by no water content at 60.40%.
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1. Introduction

World energy demand, especially for petroleum oil as a fuel, has
increased significantly every year. Petroleum fuel (BBM) domi-
nates national energy demand by 31.2% by 2015, and will increase
to 40.7% by 2050 (BPPT, 2016). In 2016, Indonesia needs 14 mil-
lion kiloliters of fuel oil (BPH Migas, 2016). Therefore, innovation
and development of alternative energy is needed.

One of the potential alternative fuels in Indonesia is biodiesel. Bio-
diesel can be produced from natural raw materials, such as palm oil.
Palm oil itself is the largest commodity in Indonesia, which is
31,284.30-kilo tons production in 2015 (BPS, 2017). In its applica-
tion as a fuel, biodiesel can be mixed with petroleum diesel or often
referred to as diesel. The use of biodiesel as a fuel mixture has been
regulated by the government in ESDM Ministerial Regulation
No.12 of 2015, which in 2025 will use 30% of biodiesel. Different
biodiesel properties with diesel fuel make more attention to main-
taining fuel quality.

Biodiesel has high cetane number, biodegradable, and low emis-
sions, but more unstable than diesel (Fazal et al.,2010; Haseeb et
al., 2010; Jakeria et al.,2014; Lohani, et.al. 2014, Akpor, et. al.
2014; Adebayo and Oluwadare, 2014 ). The content of unsaturated
fatty acids makes biodiesel susceptible to oxidation (Monyem and
Gerpen, 2001). In addition, the hygroscopic nature of biodiesel
causes high water content dissolved in biodiesel (Fregolente et al.,
2012; He et al., 2007). This dissolved water content in certain con-
ditions will precipitate to the bottom of the tank. This process will
repeat continuously until it forms a layer of free water at the bottom
of the tank. The presence of this free water layer can trigger the
formation of sludge that can obstruct the system (He et al., 2007).
On the other hand, water may increase the growth of microorgan-
isms that can trigger corrosion (Groysman, 2014).

Frequently used fuel storage method is the ground storage tank.
Storage tanks are generally made of carbon steel. Carbon steel is
easily fabricated, protect biodiesel from exposure to sunlight, and
its price is cheaper than stainless steel (Groysman, 2014; Komariah
et al, 2017; Restrepo-Florez et al, 2014). However, carbon steel has
a weakness that is easily corroded, either chemically or by micro-
organisms because stainless steel has more protective action of
chromium and nickel elements (Heyer et al., 2013; Adebayo et al.,
2014; Kovacs et al., 2015).

Corrosion is an interaction reaction between the metal and its envi-
ronment, occurs because of the tendency of the metal to return to its
original condition, the oxidant state in nature (Zarasvand and Rai,
2014; Beech and Sunner, 2004). Corrosion contributes to the de-
struction of industrial piping and storage systems. Approximately
20% of petroleum product leakage is caused by corrosion in the
tank (Groysman, 2014). Corrosion processes that occur include
chemical and biological corrosion. Biologically, corrosion is caused
by the activity of microorganisms that play a role in corrosion
mechanism. One of the role of microorganisms in corrosion is by
the formation of biofilms on the metal surface.

Biofilm is one of the survival strategies of microorganisms. Micro-
organisms use fuel as a carbon source and water to grow and me-
tabolize. Carbon steel is one type of metal that is easily corroded
because of its tendency to form an oxide layer which is the ideal
place for the attachment of microorganisms (Heyer et al., 2013).
The existence of this biofilm causes a non-uniform oxygen concen-
tration on the metal surface (Lewandowski and Beyenal, 2008).
Biofilm-enclosed areas will be oxygen deprived and an anaerobic
anodic condition, and vice versa to cathodic conditions. This results
is a potential difference from anodic to cathodic, and then corrosion
occurs.

One of the microorganisms that have been studied survive on hy-
drocarbon medium is Bacillus megaterium. B. megaterium is found
in pipelines and hydrocarbon storage systems, causing corrosion
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and degradation of fuels (Das and Chandran, 2011; Maruthamuthu
etal., 2011; Rajasekar et al., 2005). This research was conducted to
determine the activity of B. megaterium in mixed-fuel biodiesel fuel
medium with various water concentrations added in biodiesel.

2. Experimental

2.1. Materials

FAME biodiesel from palm oil was produced by Chemical Engi-
neering ITB Laboratory and diesel or diesel petroleum from Per-
tamina. The specimens and microorganism used in this research
were carbon steel and Bacillus megaterium from Chemical Engi-
neering ITB Laboratory.

2.2. Preparation of Test Solution (immersing medium)

The test solution was FAME biodiesel and diesel sterilized with
0.45 um pore size membrane.

2.3. Preparation of Bacillus megaterium

The growth medium used for B. megaterium was Bushnell Haas
(BH) consist of MgS0Oa4 0,2 g/L, CaCl2 0,02 g/L, KH2PO4 1 g/L,
K2HPO4 1 g/L, NH4NOs 1 g/L, FeCls 0,05 g/L. NaOH was added
to maintain pH neutral. To increase the number of microorganism,
B. megaterium were cultured in a sterilized BH medium with a
working volume of 100 ml until it enters a stationary growth stage.
Furthermore, the acclimatization process conducted in medium
Bushnell Haas 300 ml and adding 1 g diesel as carbon source, then
inoculated with microbial culture 2 ml. Incubation done in the ro-
tary shaker at 27 ° C 200 rpm for 30 days.

2.4. Preparation of reactor and metal

The reactor used was a square box and a cap made of acrylic with a
working volume of 800 ml. On the lid there were a number of glass
hooks with metal specimens. The amount of metal calculated ac-
cording to ASTM G 31-72 standard with size 1 x 1 cm. ST-37 car-
bon steel were used as metal specimens, polished with abrasive pa-
per from 240 to 1200 grids.

2.5. Experimental

The corrosion process simulation was done by immersing carbon
steel metal specimens in a fuel mixture medium with 30% biodiesel.
The addition of water content consisted of three variations: B30-0
(without water addition), B30-5 (with 5% water addition), and B30-
10 (with 10% water addition). The metal specimens were hung in a
hook from glass. In variation of water addition, the metal were hung
at the interface between fuel and water. The reactor then stored at
room temperature for 21 days.

2.6. Characterization
Analysis of this study included analysis of bacterial colonies on bio-
film by TPC method, corrosion rate with gravimetric method, cor-

rosion product with XRD, and biofilm composition with FTIR.
Degradation of mixed fuel also analyzed by GCMS.

3. Results and discussion

3.1. Growth of microorganisms in biofilms
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Fig. 1: Growth Profile of Microorganism in Biofilms.

Growth profile of Bacillus megaterium colony on medium B30 with
variations of water addition is presented in Figure 1. In the three
variations, the adaptation phase ran fast, which on the 9™ day of
growth has entered the exponential phase. Differences began to ap-
pear on the last day of submersion, where variations without addi-
tional water decreased the number of colonies. This decrease was
caused by biofilms which undergoes lysis phase. In the variation
with the addition of water, the growth profile has not decreased,
indicating the absence of lysis. The number of colonies actually
grew over time immersion.

The addition of water into the medium increased the volume of free
water that can be utilized by microorganisms. The free water in the
hydrocarbon medium can trigger the growth of microorganisms,
and may increase the risk of corrosion and degradation of hydrocar-
bons (Kaminski and Kurzydtowski, 2008). Degradation of esters in
biodiesel is one result of the presence of water in the medium
(Jakeria, Fazal dan Haseeb, 2014).

The presence of a layer of iron oxide on the metal surface, caused
the tendency of microorganisms to attach to the metal. This attach-
ing process was an initiation of biofilm formation. The more water
added with mineral content, the more number of colonies of micro-
organisms in the biofilm are attached. The interface layer between
water and metal surfaces was a strategic place for microorganisms’
growth than the bulk medium (Rajasekar and Ting, 2011). Nutrients
were absorbed in the metal made the microorganisms prefer to grow
on metal surfaces (Heyer et al., 2013).

In addition, the addition of water also inhibits lysis when compared
to variations without adding water. It was due to the nutrients on
the metal surface causing the increasing tendency of the active cells
to adhere to the metal surface. The active cells accumulated on the
metal surface, then shifted the dead cells.

3.2. Corrosion rate

The corrosion rate was calculated by the weight difference of car-
bon steel specimens before and after immersion process. Can be
seen in Figure 2, the highest corrosion rate was achieved by medium
B30 without addition of water, followed by variation with 5% then
10% water additions. The corrosion rate is increased due to the ac-
tivity of microorganisms that produce acidic metabolite products
such as carboxylic acids, aldehydes, alcohols and saturated fatty ac-
ids (Jakeria et al., 2014; Sousa et al., 2009). This metabolite product
accumulated on the surface causing an increase in corrosion rate.
Biofilms covered metal, causing microorganisms had difficulty ac-
cessing the medium as a carbon source and utilizing electrons from
iron oxidation as electron donors (Xu and Gu, 2014), resulting an
increase in mass loss during immersion time.
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Fig. 2: Corrosion Rate of Carbon Steel.

The observations also show that there was a decrease in corrosion
rate per time of immersion. This decrease was proportional to the
increase in the number of colonies of microorganisms in biofilms
per time which giving an inhibitory effect on corrosion. Biofilms
were formed evenly on the metal surface, minimized contact be-
tween metal specimens with oxidative medium environments,
which can oxidize metals and resulted corrosion. The high rate of
corrosion at the beginning of immersion was due to the lack of bio-
film at the beginning. The contact between metal and oxidative me-
dium environments was inevitable, then metal oxidation occurred.
In addition, the decrease in corrosion rate in the variation of water
addition was also due to the protective layer on the surface of the
metal specimen. The metal was placed on the interface layer, had
direct contact with two mediums, organic in the form of hydrocar-
bons and inorganic form of water and minerals. This coating was a
result from reactions of soluble Fe in inorganic medium, ie with
K2HPO4 and KH2PO4 (Rajasekar and Ting, 2011). Results of SEM
biofilms on the 11th day showed the presence of phosphate iron
coating presented in Figure 3.
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Fig. 3: Iron-Phosphate Layer at Surface of Carbon Steel Analyzed by SEM
And SEM EDAX at 10% Water Content Variation.

3.3. Corrosion product

Carbon steels can be oxidized to Fe?*. These ions can be utilized
Bacillus megaterium as an electron donor in metabolic reactions.
Microorganisms also can convert it into Fe3* to form iron oxide hy-
drate compounds by utilizing oxygen as an electron acceptor. The
corrosion products are iron oxide, Fe203 and FesOa.

Medium diesel and biodiesel which is a hydrocarbon organic com-
pound cause increase solubility of iron into ion, and caused corro-
sion (Rajasekar et al., 2011). The free water added in the medium,
reacted with the Fe and oxygen ions produced a corrosion product
FeOOH (Heyer et al., 2013; Jones, 1986). Therefore on variations
of water addition detected the presence of FeOOH corrosion prod-
uct, whereas in the variation without addition of water was not.

3.4. Degradation efficiency

The observations were made using GCMS (Gas chromatography-
mass spectrometry) analysis by comparing the compositions before
and after the inoculation of Bacillus megaterium. In the variation of
water addition to medium B30, BE number was 60.40% for B30-0,
and were 68.5% and 67.23% for B30-5 and B30-10. It could be said
that biodiesel degradation not only caused by auto oxidation, but
also caused by the addition of water. As mentioned by Kaminski
and Kurzydtowski, free water in fuel increased the growth of mi-
croorganism and caused degradation.

The %BE value in the mixed medium was a combination of solar
degradation by the activity of Bacillus megaterium and the degra-
dation of biodiesel from the auto oxidation process. The degrada-
tion of esters in biodiesel was also one result of the presence of wa-
ter in the medium (Jakeria et al., 2014).

4. Conclusion

From the research that has been done can be drawn some conclu-
sions are:

1) The addition of water to the mixed medium of diesel and bi-
odiesel affected the growth of microorganisms, where higher
water levels lead to an increase in the number of colonies of
microorganisms.

2) The formation of biofilms provided inhibition effect against
corrosion, the corrosion rate decreased with time of immer-
sion. Addition of water caused formation of an iron-phos-
phate layer which also gave an inhibitory effect on corrosion.

3) A study of the effect of water content on biodiesel stability
on mixed media in various concentrations is required, espe-
cially between B30 - B100.
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