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Abstract 
Biodiesel is a renewable and biodegradable fuel that has the possibility to replace conventional diesel fuel 
and reduce the environmental pollution. Despite its environmental benefits, it has been shown to cause 
damage to the vehicle engines, due to its oxidative properties. Different metals, such as copper, zinc and 
aluminium are present in the vehicle fuel system and have been shown to catalyse the oxidation of 
biodiesel. Several studies have been performed to investigate the interaction between these metals and 
fuel. However, some reports concluded contradicting results when it comes to the oxidation of biodiesel 
in contact with aluminium alloys. This project aimed therefore to investigate and create a simple method 
for comparing the catalytic effect on oxidation for metals, and use this method to evaluate the degradation 
rate of biodiesel in contact with aluminium alloys. Different heating methods and coating materials were 
tested using the biodiesel RME to develop the testing procedure. When a test procedure was established, 
three filter houses made from cast aluminium alloy and three aluminium ingots with different amount of 
copper were immersed in RME and the stability was evaluated. The results showed that using an oven at 
80 °C to investigate the stability provided the most repeatable results, and the spray paint Auto K billack 
spray Universal appeared to be compatible to use with RME. The inner untreated surface of the fuel filter 
houses did not seem to increase the oxidation rate of biodiesel. Aluminium alloys with higher copper 
content degraded RME more than aluminium alloys with little/no copper, if the surface had been treated 
mechanically, but not to a large extent. This concludes that aluminium alloys may reduce the stability of 
biodiesel if it contains much copper and if the surface of the alloy has been treated. However, the detected 
reduction on oxidation stability could depend on other factors, and therefore it is recommended to 
conduct further experiments on test the aluminium alloys. 

 

  



 
 

Sammanfattning 
Biodiesel är ett förnybart och biologiskt nedbrytbart bränsle som har möjligheten att ersätta konventionell 
diesel och minska föroreningen av miljön. Trots dess fördelar så har det visats att bränslet skadar 
motorerna i fordon, vilket beror på dess oxidativa egenskaper. Olika metaller, såsom koppar, zink och 
aluminium förekommer i fordons bränslesystem, och dessa har påvisats katalysera oxidationen av 
biodiesel. Flera studier har genomförts där interaktionen mellan de tidigare nämnda metallerna och 
biodiesel har undersökts. En del av dessa studier har fått motsägelsefulla resultat när det kommer till 
interaktionen mellan aluminium legeringar ochbiodiesel. Detta projekt har därför haft som syfte att ta 
fram en enkelt metod att jämföra metallers katalystiska effekt på biodieslets oxidations stabilitet, samt 
använda denna metod för att bedöma nedbrytningen av biodiesel i kontakt med aluminium legeringar. 
Olika uppvärmningsmetoder och täckningsmaterial undersöktes med hjälp av biodiesel gjord på rapsolja, 
RME, för att ta fram mätmetoden. När ett tillvägagångssätt hade fastlagts, så sänktes bitar av tre olika 
bränslefilterhus tillverkade av aluminium legeringar, och tre olika aluminium tackor med olika 
kopparhalter i RME och bränslets stabilitet mättes. Användning av ugn vid 80 °C för att testa biodieslets 
oxidations stabilitet gav de mest upprepbara resultaten, och sprejfärgen Auto K billack spray Universal var 
mest kompatibel att använda som täckningsmaterial. Den inre, obehandlade ytan av bränslefilterhusen 
visade sig inte påverka oxidations stabiliteten på biodieslet. Aluminijm legeringar med en högre koppar 
halt bröt ned RME lite mer än aluminium legeringar med lite/ingen koppas, men endast om ytan hade 
blivit mekaniskt behandlad. Detta ger slutsatsen att aluminium legeringar kan minska biodieslets stabilitet 
om det innehåller mycket koppar och om legeringens yta har blivit behandlad. Däremot så kan den 
reduktionen av oxidations stabiliteten bero på andra faktorer och det rekommenderas därför att 
genomföra fler experiment med aluminum legeringar och biodiesel. 

 

  



 
 

 
  



 
 

Nomenclature 
°C – Degrees Celsius 

K – Kelvin 

FAAE – Fatty Acid Alkyl Ester 

FAME – Fatty Acid Methyl Ester 

FFA – Free Fatty Acid 

FTIR – Fourier Transform Infrared Spectroscopy 

GC-MS – Gas Chromatography-Mass Spectrometry 

PME – Palm Methyl Ester 

RME – Rapeseed Methyl Ester 

RPM – Revolutions Per Minute 

TAN – Total Acid Number 
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1. Introduction 
As the energy demand in the transport sector increases, it is important to look for alternative fuels that can 
replace fossil fuel and reduce greenhouse gas emissions and environmental pollution. In 2014, 93 % of the 
energy consumption by transportation consisted of fossil fuels, making it the most undiversified energy 
sector. A transition from fossil fuels to renewable energy sources lies within the interest of everyone’s 
wellbeing and has slowly been improving the last years (IEA, 2017). One alternative fuel that has the 
potential to reduce emissions is biodiesel. 

Biodiesel is an environmental friendly and renewable substitute to fossil diesel fuel, which can be 
implemented in current diesel vehicles with little to no changes in the fuel system. It can be produced 
from various feed stocks such as edible and non-edible vegetable oils, animal fats, algae and waste cooking 
oil (Alleman, et al., 2016). Depending on the feedstock that is used to produce the fuel, the chemical 
properties of the biodiesel may vary. In Europe, biodiesel made from rapeseed oil, also called RME 
(rapeseed methyl ester), is most commonly found and has been commercially used since 1988 (Lang, et al., 
2001). 

Although biodiesel has certain benefits over fossil diesel, there are some drawbacks to it, which depends 
on its chemical properties. It has been shown to damage the vehicle engine by clogging the fuel filter, 
corrode metal, and form engine and injector deposits. The main reason of these complications is that 
biodiesel consist of a degree of unsaturated carbon chains that are capable of oxidizing and creating acids 
and insoluble polymers. Oxidation of biodiesel occurs in the presence of oxygen, higher temperatures and 
different metals. Copper, zinc and aluminium have been shown to degrade the fuel at different degrees. 
Considering that parts in the vehicle fuel system may contain aluminium alloys, which may include copper 
and zinc elements, there is a risk that the fuel system degrades the biodiesel (Pullen, et al., 2012). 

This problem with metals and oxidation of biodiesel has been studied using various methods, which in 
some cases gave different results. Considering the vast amount of metals that are available, it would be 
beneficial for the vehicle industry to be able to test the compatibility of different metals with biodiesel in a 
quick manner, in order to prevent possible damages to the combustion engine. This report describes the 
results of a master thesis project that was conducted within the framework of Sustainable Energy 
Technology masters program, at the Royal Institute of Technology in Stockholm. The project was carried 
out at Scania Group located in Södertälje, Sweden. 
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1.1 Purpose and objective 
The purpose of this project is to define a measuring technique of biodiesel degradation when in contact 
with aluminium alloys, to provide aid in choosing suitable alloys during vehicle construction.  

The objective in this study is to cover the following aspects; 

• To present a test method of the degradation in an easy and repeatable way that predicts metal 
catalysed degradation of biodiesel in vehicles fuel system 

• To investigate how and if different aluminium alloys catalyse the oxidation of biodiesel, using the 
developed test method 

• To determine if the fuel filter house catalyse the oxidation biodiesel 
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2. Literature review 
This chapter aims to explain the general background information that would provide a base for the subject 
and developed methods. In addition, previous studies are included in order to not replicate the same 
measurement and be able to upgrade the test procedure.  

2.1 Biodiesel 
Biodiesel is included in the group of long chain mono alkyl esters, but is usually more specifically called 
FAME (Fatty Acid Methyl Esters). FAME can be produced from a variety of different oils; edible and 
non-edible vegetable oils, animal fats, waste cooking oil and oil from algae’s (Alleman, et al., 2016). The 
common nominator of these oils is that they all consist of mainly triglycerides, which are three fatty acid 
chains of various sizes that are connected through a glycerol molecule. Depending of the type of oil, the 
amount of a specific fatty acid chain varies as well as its structure, e.g. the saturation level, where the 
double bonds are located on the chain. All of these factors have an impact on the properties of the 
specific biodiesel, which is described in section 2.1.2. In addition to triglycerides, water, free fatty acids, 
sterols, phospholipids and different impurities are present in the oils (Meher, et al., 2006). 

2.1.1 Biodiesel production 

In the production process of biodiesel, a feedstock that contains triglyceride is treated through a process 
called transesterification which transforms the triglycerides into FAME and glycerol. Another name for 
the transesterification process is alcoholysis, since an alcohol is required in the reaction. In general, the 
triglyceride in the specific feedstock is mixed with an alcohol in order to create glycerol and FAAE (Fatty 
Acid Alkyl Esters). The reactions that take place between the alcohol and triglycerides to create FAAE are 
reversible and occur in three sequences, with diglyceride and monoglyceride being the intermediates 
(Meher, et al., 2006). Figure 1 shows the general reaction of transesterification. 

 

Figure 1: Transesterification reaction process with intermediate. R1OH is an alcohol and RCOOR1 is the FAAE 
created, where R is an unspecified hydrocarbon chain and R1 is the hydrocarbon chain from the alcohol (Meher, et al., 

2006). 

FAME is produced by mixing the triglyceride feedstock with methanol, which is also commonly used in 
the reaction process due to its low cost and chemical properties that accelerate the reaction with the 
triglyceride. For the stoichiometric reaction, three moles of methanol is required to completely the 
reaction with one mole of triglyceride. A higher amount of methanol is usually added to shift the 
equilibrium to the right of the reaction, i.e. to increase the production of methyl esters and glycerol 
(Meher, et al., 2006). 
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Figure 2: Transesterification of triglyceride using methanol to create FAME and glycerol [1]. 

In order to increase the production rate and yield of the methyl esters, a catalyst can be added to the 
methanol. Acids, alkalis or enzymes or used as catalysts, however alkali is more commonly used as it 
enhances the reaction rate. The type of catalyst that is used in the production processes is highly 
dependent on the contents of the oil that is processed. Transesterification with an alkali catalyst requires 
low FFA (free fatty acid) content, as well as no water content since alkali and water interfere with the 
reaction and consumes the alkali. Presence of water also creates soap through saponification, which makes 
it harder to downstream in the production process to separate the glycerol from the FAME (Ma, et al., 
1999). If the triglyceride source has a higher free fatty acid content, it is more effectively catalysed by an 
acid (Freedman, et al., 1984). 

2.1.2 Composition of biodiesel 

The composition of fatty acid chains gives the biodiesel different properties and is mainly dependent on 
saturation level and the length of the chain. Depending on the feedstock that is used to produce the 
biodiesel, the share of saturated and unsaturated FAME varies. Figure 3 shows the composition of FAME 
produced from different animal fats and vegetable oil (Hoekman, et al., 2012). Most of the vegetable oil 
derived FAME consists of a large part unsaturated fatty acid chains, with exception of biodiesel from 
coconut- and palm oil. 

 

Figure 3: Composition of FAME with different saturation levels produced from different triglyceride sources 
(Hoekman, et al., 2012). 
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Biodiesel with long fatty acid chains as well as a higher concentration of saturated chains tend to have high 
viscosity at low temperatures, which occurs due to the formation of precipitates in the fuel. A high 
concentration of unsaturated carbon chains in biodiesel provides in most cases a lower viscosity, but is 
more susceptible to oxidation (Hoekman, et al., 2012). Studies have shown that a higher concentration of 
polyunsaturated FAME results in lower oxidation stability than monounsaturated or saturated FAME 
(Ramos, et al., 2009). 

2.1.3 Biodiesel instability 

One of the disadvantages with biodiesel is its high possibility to degrade and create different products that 
clogs and corrodes the fuel system. Short chain acids, insoluble polymers, aldehydes and alcohols are some 
of the compounds that are created when FAME degrades. The degradation rate is dependent on the fuel 
stability, which is an important aspect that has to do with the resistance to changes in properties as a result 
of fuel degradation (Pullen, et al., 2012). Fuel degradation occurs primarily due to the double bonds that 
exist in the molecule chains of the fatty acid methyl ester, which react easily with oxygen. Other factors 
that affect the degradation are higher temperature levels, metals, hydrolysis due to contact with water and 
microbial contaminants (Pullen, et al., 2012) (Sarin, 2012). 

The stability of the fuel is sometimes defined in different terms. Oxidation stability, storage stability and 
thermal stability have been used in previous literature (Sarin, 2012) (Pullen, et al., 2012) (Rizwanul Fattah, 
et al., 2014) (Dunn, 2002). Oxidative stability is related to the fuels resistance to oxidize, i.e. react with 
oxygen. Storage stability refers to biodiesels resistance to degradation during storage conditions, and 
involves factors such as oxidation, excess heat, water contamination and microbial growth. The term 
thermal stability is linked to the increased degradation rate when the temperature is increased (Pullen, et 
al., 2012). 

2.1.3.1 Mechanism of oxidation 

Oxidation of FAME follows the mechanism of free radical chain reactions and is prone to autoxidation. It 
consists of three parts: initiation, propagation and termination (Pullen, et al., 2012). During the initiation part, an 
initiator radical  𝐼𝐼∗, reacts with a fatty acid molecule 𝑅𝑅𝑅𝑅, and receives a hydrogen atom from it, producing 
a fatty acid radical 𝑅𝑅∗. 

𝐼𝐼∗ +  𝑅𝑅𝑅𝑅 → 𝐼𝐼𝑅𝑅 + 𝑅𝑅∗       (1) 

The initiator is produced from mainly three different mechanisms within the biodiesel [6]: 

• Thermal dissociation of hydroperoxides present in the fuel 
• Metal catalysed decomposition of hydroperoxides 
• Photo-oxidation 

Metal catalysed decomposition of hydroperoxides is most likely to produce the initiator radicals, since 
photo oxidation only occurs when biodiesel is exposed to UV-light and thermal dissociation requires high 
temperatures (see section 2.1.3.2). (2) and (3) show two different ways that metals can catalyse 
hydroperoxides (Pullen, et al., 2012). 

    𝑀𝑀2+ +  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 → 𝑅𝑅𝑅𝑅∗ + 𝑅𝑅𝑅𝑅∗ +  𝑀𝑀3+   (2) 

    𝑀𝑀3+ +  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 → 𝑅𝑅𝑅𝑅𝑅𝑅∗ + 𝑅𝑅+  +  𝑀𝑀2+   (3) 

Examples on metals that are strong catalysts are copper, zinc, tin and lead [10]. 
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Next step is propagation, during which the fatty acid radical 𝑅𝑅∗ from the initiation step reacts with an 
diatomic oxygen molecule 𝑅𝑅2  and creates a fatty acid peroxide radical 𝑅𝑅𝑅𝑅𝑅𝑅∗ . This radical is rather 
unstable and is prone to react with a  𝑅𝑅𝑅𝑅 molecule, to create another free fatty acid radical 𝑅𝑅∗ like in the 
initiation phase, as well as a fatty acid hydroperoxide molecule 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (Pullen, et al., 2012). 

𝑅𝑅∗ +  𝑅𝑅2  → 𝑅𝑅𝑅𝑅𝑅𝑅∗       (4) 

𝑅𝑅𝑅𝑅𝑅𝑅∗  +  𝑅𝑅𝑅𝑅 → 𝑅𝑅∗  +  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅     (5) 

The radical 𝑅𝑅∗ created in (5) is then free to react with another oxygen molecule to create 𝑅𝑅𝑅𝑅𝑅𝑅∗  and 
maintain this cycle. Hydroperoxide is a central intermediate product of the oxidation cycle that maintains 
the rate of oxidation in biodiesel. If there is sufficient oxygen present, the cycle will continue to occur and 
accumulate the hydroperoxides, which could then decompose in the presence of metals, and continue this 
cycle at a faster rate (Pullen, et al., 2012). 

Eventually the concentration of the radical molecules formed in the biodiesel has reached a level with high 
probability of two radicals to meet and react. This is the third phase of the chain reaction, termination, and 
proceeds as (6) and (7) (Pullen, et al., 2012). 

    𝑅𝑅𝑅𝑅𝑅𝑅∗  +  𝑅𝑅𝑅𝑅𝑅𝑅∗  → 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐    (6) 

    𝑅𝑅∗ +  𝑅𝑅∗ → 𝑅𝑅 − 𝑅𝑅      (7) 

Stable, non-radical compounds are formed such as short chain fatty acids, aldehydes, polymers and 
alcohols. These formations are the main factors that causes clogging and corrosion problems in the fuel 
system of the vehicle (Pullen, et al., 2012). Termination is not limited to only two radicals colliding, but 
could also take place as radical reacts with an antioxidant (section 2.1.3.3) (Rizwanul Fattah, et al., 2014). 
Short chain fatty acids, such as formic acid are used in accelerated tests to determine the oxidation stability 
of FAME (see chapter 3.3.1) (Shiotani, et al., 2007). 

2.1.3.2 Thermal degradation and temperature effects on FAME 

As mentioned previously, one of the factors that affect the oxidation rate of biodiesel is the temperature 
level. It has been shown that temperature levels closer to ambient do not affect the oxidation rate 
significantly. However during increase in temperature the degradation rate is proportionally hastened, 
which is illustrated in Figure 4 (Dunn, 2002). 
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Figure 4: Acid value for soy biodiesel stored for 6 hours during different temperature levels (Dunn, 2002). 

The explanation to this behaviour is that the antioxidant that are present naturally in the biodiesel start to 
break down when exposed to higher temperature levels, which reduces the fuels capability to buffer the 
creation of radical molecules (Jain, et al., 2011). 

If the biodiesel is exposed to temperature levels of 250-300 °C or higher, it starts to initiate a so called 
Diels Alder reaction. This type of reaction happens between a di-olefin and a mono-olefin group of two 
separate FAME molecules, which has undergone isomerization to a more stable conjugated form due to 
high temperature. The resulting products amongst several others are aldehydes and heavy polymers (Jain, 
et al., 2010).  

2.1.3.3 Antioxidants and oxidation 

Biodiesel contains antioxidants naturally as a result of the production of natural sources. A common 
antioxidant that is present in biodiesel created from vegetable oil is tocopherol, or vitamin E. Antioxidants 
play an important role in the stability of biodiesel, as they interfere in the oxidation process and slow 
down the degradation (Pullen, et al., 2012). Two groups of antioxidants exists (Rizwanul Fattah, et al., 
2014): 

• Free radical terminators (primary antioxidants) 
• Hydroperoxide decomposers (secondary antioxidants) 

These antioxidants have intercepts the autoxidation chain reaction in different ways. The secondary 
antioxidants turn hydroperoxides into alcohols by reacting with them (Pullen, et al., 2012). Free radical 
terminators are antioxidants that are more susceptible to release a hydrogen atom than a fatty acid methyl 
ester, due to their structure. Radical oxidative molecules are therefore more likely to extract a hydrogen 
from these molecules than from the methyl esters, and reduces the decomposition rate of the biodiesel. 

𝑅𝑅𝑅𝑅𝑅𝑅∗ +  𝐴𝐴𝑅𝑅 → 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 + 𝐴𝐴∗     (8) 

𝐴𝐴∗ → 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐     (9) 
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𝐴𝐴∗ + 𝑅𝑅𝑅𝑅𝑅𝑅∗ → 𝑅𝑅𝑅𝑅𝑅𝑅𝐴𝐴      (10) 

(8) shows a general reaction between a peroxide radical and a free radical terminator 𝐴𝐴𝑅𝑅  that forms 
hydroperoxide and an antioxidant free radical 𝐴𝐴∗. The free antioxidant radical could either be stable by 
itself, or continue the neutralization process by reacting with other free radicals as in (10). Furthermore, 
the 𝑅𝑅𝑅𝑅𝑅𝑅∗ in (8) and (10) could also be replaced by a 𝑅𝑅𝑅𝑅∗ radical and react with the terminator antioxidant 
(Pullen, et al., 2012) (Rizwanul Fattah, et al., 2014). 

2.2 Aluminium alloys 
Aluminium alloys are used in a variety of areas, due to its physical properties. Vehicles utilize aluminium, 
which can be found in e.g. the fuel system, where it is in contact with the fuel (Haseeb, et al., 2011). There 
are many different alloys of aluminium with different compositions and usage areas, which can be 
separated into several categories; however the most common types are cast- and wrought aluminium. The 
difference is associated to the capability of working the alloys, as well as how much of the alloying 
elements are used. Wrought aluminium alloys can work by, for example forging, extruding or drawing to 
create parts that are later treated further to make the end product. Cast aluminium alloys are used to create 
products that require almost extra effort to finalize it and contain a higher amount of alloying elements 
than wrought aluminium (Kaufman, 2000). 

2.2.1 Cast aluminium alloys 

There are three main methods to work with cast aluminium alloys: 

• Pressure die casting 
• Permanent mould casting 
• Sand casting 

The pressure die casting method is based on pressing molten aluminium into reusable casts at high 
velocities, and then cool the metal quickly. This is the cheapest and quickest method and is used for mass 
production, however it does not provide very high quality in the context of toughness and metal surface. 
Metal porosity and gas pockets usually appear during the production that reduces the strength of the alloy 
(Kaufman, 2000).  

Sand casting have a higher quality than the pressure die casting, since the pouring and solidification 
processes are not hastened, resulting in a lower production of metal porosity and a smoother surface. This 
method is typically used to create prototypes and the sand has the capability to be reused for formation of 
different shapes. Permanent mould casting gives the smoothest surface out of these three methods and is 
usually implemented in areas where high quality alloys are needed. The metal porosity is also significantly 
lower due to the fact that the process is controlled by gravity or low pressure techniques (Kaufman, 2000). 

When cast aluminium alloys are cooled, pure aluminium dendrites are the first to get cooled, and push the 
other elements and compounds into the centre of the alloy (Seifeddine, 2006). This means that the 
finished product will have an outer layer of the alloy that consists of almost pure aluminium, while the 
alloying elements can be found in the inside. 

2.2.2 Aluminium alloys in the vehicle fuel system 

The fuel system in a vehicle consists of many parts that are consists of various materials, such as steel, 
aluminium alloys, plastics and rubbers. Table 1 shows the typical materials used to produce the associated 
components in a typical diesel engine fuel system (Haseeb, et al., 2011). 
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Table 1: Common materials used in a typical fuel system of a diesel engine (Haseeb, et al., 2011). 

Main parts Components Materials 
Fuel tank Housing 

Gasket 
Steel, plastic, paint, coating 

Elastomer, paper, cork, copper 
Fuel feed pump  Aluminium alloy, iron based 

alloy, copper based alloy 
Fuel lines High pressure 

Low pressure 
Steel 

Plastic, rubber 
Fuel filter Filter cartridge 

Housing 
Paper 

Aluminium, plastic 
Fuel pump  Aluminium alloy, iron based 

alloy, copper based alloy 
Fuel injector  Stainless steel 

 

As can be seen in Table 1 there are a number of components in the fuel system that are made out of 
aluminium that are in contact with the fuel, such as fuel filter housing and the fuel pump. It was 
mentioned in section 2.1.3.1 that metals such as copper or zinc act as catalysts and increases the oxidation 
rate of biodiesel. Although aluminium itself is not considered to act as a catalyst, aluminium alloys may 
contain both copper and zinc which could degrade the biodiesel in the fuel system (Alleman, et al., 2016). 
At Scania there are two types of fuel filter houses that are used. One that is made out of aluminium alloy 
EN-AC43100 with low copper content, and one made from alloy EN-AC46500 (Forsberg, 2017).  

The fuel filter tank used in Scania trucks are usually produced by the pressure die casting method, which 
builds pores in the metal (Harper, 2017). These pores need to be covered in order to eliminate the risk of 
leakages from the fuel filter tank. Covering the pores is performed by using material M (see Appendix 4). 
Material M infiltrates the pores and is not easily washed away by most polar and nonpolar liquids. It is 
unclear whether it affects the biodiesel in any way (Forsberg, 2017). 

2.3 Previous studies 
Previous studies of the interaction between biodiesel and metals have shown various results. Shiotani and 
Goto investigated in 2007 how the oxidation stability of palm diesel oil and palm diesel oil blends were 
affected by different metals used in the fuel system of vehicles, as well as how temperature and blend ratio 
affected the degradation of biodiesel. Some of the metals tested in this study were aluminium, copper, zinc 
and iron. In this study it was shown that aluminium had an oxidizing effect on biodiesel, however lower 
than the other studied metals (Shiotani, et al., 2007). The results of their test are shown in Figure 5. 
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Figure 5: Difference of PME (palm biodiesel) oxidation stability when in contact with different metals measured by the 
induction time period (Shiotani, et al., 2007). 

Another study that investigated the corrosive properties of diesel and biodiesel on stainless steel, copper 
and aluminium as well as degradation of the fuel also concluded that the metals degraded biodiesel (Fazal, 
et al., 2010). However, in 2015 a master thesis project aimed to investigate the corrosiveness of biodiesel 
produced from rapeseed oil on copper alloys, also investigated if aluminium had an oxidizing effect on 
biodiesel. The oxidation stability was measured with the Rancimat method, and the master thesis student 
concluded that aluminium did not degrade biodiesel, which is contradicting the results from the two other 
reports (Lindström, 2015). Therefore it is interesting to investigate whether aluminium degrades biodiesel 
or not. 
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3. Methodology 
This chapter aims to explain the procedure of the experiments that were made in this project, as well as 
the methods that were used to analyse the degradation of biodiesel. The experiments that were performed 
are divided into two phases, of which the results in the first phase were implemented in the second phase. 
Phase one experiments aimed to find a way to setup experiments, while phase two used this method to the 
test oxidation effect of aluminium alloys on biodiesel. 

 

Figure 6: Overview of the workflow in this project. 

3.1 Phase one – Investigating ways to setup a test method 
Before testing if and how aluminium alloys oxidizes biodiesel, different factors had to be considered to set 
up a test method. In order to simulate the degradation of biodiesel in a fast manner that would fall within 
the time limit of this project, it had to be aged. FAME can be aged by increasing the temperature, which 
mentioned in section 2.1.3.2. (Dunn, 2002). As the temperature in a vehicle fuel system usually operates 
between 40 °C and 85 °C, operating temperature within this interval would give the experiments a more 
realistic approach (Cursaru, et al., 2014). Therefore 80 °C was chosen to be the operating temperature in 
the tests, as it would degrade the biodiesel at a rate that allowed for fast experiments. 

Increasing the temperature to 80 °C could be done by using either a heating plate or an oven. Considering 
that the heating plate increases the temperature of FAME from the bottom of the vessel, while the oven 
temperature increase is homogenously from the surrounding air, the degradation rate of biodiesel could 
differ. Both methods were tested in order to find the optimal choice, with respect to factors such as 
simplicity, repeatability and effect on the degradation rate of biodiesel. 

Another factor that had to be considered in addition to heating method was whether stirring the biodiesel 
during the test would have an impact on the oxidation rate. It was assumed that mixing would dissolve 
more oxygen in the biodiesel compared to not stirring the fuel, as well as maintain a steady temperature 
distribution. More access to oxygen would probably increase the degradation, considering that the less 
access to oxygen suppresses the oxidation (Talus, et al., 2014). 
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In section 2.2.1 it was mentioned that cast aluminium alloys have an outer surface which usually consist of 
pure aluminium, while the alloying elements such as copper could be found inside the alloy. As fuel filter 
houses from Scania trucks would be tested in a laboratory with limited space, the assemblies would have 
to be cut into smaller parts for the analysis. This in turn, would expose the alloying elements to the 
biodiesel and could potentially influence the experiment. One way to solve this problem would be to 
immerse only the wanted surface in biodiesel, however that could be complicated to accomplish. Another 
way is to cover the unwanted surfaces of the alloy with a coating material, which is easier to do. Different 
coating materials compatibility with RME was therefore tested in this phase, to see if anything could be 
used to cover the treated parts of the aluminium filter house in phase two.  

In order to test the applicability of the different heating, coating and stirring options, copper were initially 
used in the experiments. This is due to the fact that copper is known to degrade biodiesel fast (Alleman, et 
al., 2016). It was also shown by Lindström (2015) that copper would degrade RME in less than 8 hours at 
the temperature 80 °C and for this reason copper was used to conduct faster experiments. 

Repeatability of each experiment was also a factor that was taken into consideration, and double tests were 
performed in order to see any potential deviations in the results. Reference tests were also made, for 
comparison reasons, which consisted of pure biodiesel going through the same aging process but without 
any metal pieces. This was done in order to have a reference for comparison. 

The experimental process in Phase one is presented in Figure 7. 

 

Figure 7: Experiments performed in Phase one. 

3.2 Phase two – Aluminium alloy experiments 
In these tests the results of the experiments in phase one were used to investigate and see if fuel filter 
assemblies had any impact on biodiesel, and if aluminium alloys with different copper content would 
degrade FAME. Three different aluminium alloy ingots and three different fuel filter houses were acquired 
to conduct the aluminium tests. The aluminium alloy ingots were bought from Stena Aluminium and were 
of the type EN-AB43100, EN-AB47100 and EN-AB46000. The fuel filter houses were acquired from 
Scania. Two of them were of the type A, which are made of aluminium alloy EN-AC46500, and the third 
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was a type B made of aluminium alloy EN-AC43400. The copper content in each of these alloys are as 
following (Swedish Standards Institute, 2010): 

• EN-AB46000 and EN-AC46500 → 2-4 % copper 
• EN-AB47100 → 0,7-1,2 % copper 
• EN-AB43100 and EN-AC43400 → <0,1 % copper 

Although high copper content was thought to increase the oxidation of FAME, it was also interesting to 
see if aluminium alloys without copper also affected the fuel, which is why EN-AB43100 and EN-
AC43400 were studied.  

One of the type A fuel filters and the type B housing were previously used parts and were sealed with 
material M. The second type A fuel filter house was taken during production had not been treated with 
material M. As it was not known if the sealing material contributed to oxidizing the fuel, a decision was 
made to include materials possible contribution to oxidizing the fuel in the tests. More information 
regarding material M is available in Appendix 4.  

A detailed metal content of the aluminium alloys is presented in Appendix 1. The alloys in the text will 
also be named according to the number in their standard, for example 46000 refer to aluminium alloy EN-
AB46000. 

The experiments performed in Phase two are presented in Figure 8. 

 

Figure 8: Experiments performed in Phase two. 

3.3 Analysing methods 
Determining the stability of biodiesel can be done through many different methods and procedures of 
measurements, however the majority involve accelerated aging by higher temperature and presence of 
oxygen or air. Examples on the methods that can be utilized to measure the stability of biodiesel are: The 
Rancimat method, delta TAN and the PetroOXY method. Rancimat measure how long time the fuel can 
withstand before it becomes degraded, while PetroOXY measures the pressure drop that occurs when 
oxygen is used in the oxidation reaction. Delta TAN measures the difference of TAN (Total Acid 
Number) before and after oxidizing the biodiesel to determine how much it has degraded (Hartikka, et al., 
2013). 

In this project, the Rancimat method was used to analyse the stability of biodiesel. The analysis of the fuel 
was in the phase one experiments outsourced to the material testing company Exova, and later performed 
personally at the research institute Swerea KIMAB in Kista. Furthermore, Fourier Transform Infrared 
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Spectroscopy (FTIR) and Gas Chromotography – Mass Spectrometry (GC-MS) were attempted to be 
used for analysis of FAME. 

3.3.1 The Rancimat method 

As mentioned in section 2.1.3.1, determining the stability of biodiesel can be done through accelerated 
aging of biodiesel and measuring the formic acid content (Shiotani, et al., 2007). This can be done through 
the so-called Rancimat method, which is applicable for both pure biodiesel and mixtures of biodiesel. As 
pure biodiesel was used in this project, the Rancimat method following the European standard EN14112 
was utilized. 

To determine the stability a sample of biodiesel (3 grams) in a glass vessel is placed on a heating block. 
The heating block increases the temperature of the biodiesel to 110 °C and air is blown into the sample 
with a flow rate of 10 litres/hour (Swedish Standards Institute, 2016). Increased temperature and oxygen 
in the air accelerates the oxidation rate, creating different oxidation products such as formic acid (Shiotani, 
et al., 2007). These products are transferred with the airflow through tube connections to another so 
called measuring vessel, which is filled with distilled water. Oxidation products dissolve in the distilled 
water and increase the conductivity of it. By measuring the time it takes before the increase of 
conductivity, the stability of biodiesel can be determined. The different main parts of Rancimat equipment 
are shown in Figure 9 (Metrohm, 2014). 

 

Figure 9: A schematic illustration of the Rancimat device, where the numbers correspond to the following parts: 1) The 
vessel where biodiesel is subject to airflow. 2) Biodiesel sample. 3) Heating block. 4) Measuring vessel. 5) Conductivity 

measuring cell. 6) Distilled water/measuring solution (Metrohm, 2014). 
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The measured conductivity of the distilled water is proportional to the stability of the biodiesel. At first 
the conductivity increases slowly as the biodiesel is able to withstand oxidation. When the antioxidants in 
the fuel is consumed, a steep increase in conductivity will be seen, which notifies that the biodiesel has 
become unstable. The period of time it takes to reach this steep increase is often referred to as induction 
period or induction time, and is used to determine the stability of biodiesel (Metrohm, 2014). 

3.3.2 Fourier Transform Infrared Spectroscopy 

Fourier Transform Infrared spectroscopy is a measuring technique used to evaluate the composition of a 
material using infrared radiation (IR radiation). Infrared light is shone through the sample, in which the 
molecules either absorb or transmit the radiation waves. Depending on the properties of the molecules, 
such as structure, composition and movements of the elements e.g. atom bond vibration and twisting, 
different wavelengths of the infrared lights will be absorbed or transmitted. As each atomic bond in 
different molecules is unique, the absorbance level of different wave lengths can differentiate depending 
on the substance that is studied (Thermo Fischer Scientific, 2017). 

3.3.3 Gas Chromatography - Mass Spectrometry (GC – MS) 

This measuring method consists of two techniques namely Gas Chromatography (GC) and Mass 
Spectrometry (MS), which are combined to achieve a more efficient analysis. Gas Chromatography 
separates the different molecules by slowly increasing the temperature and leading the molecules through a 
column. The molecules in a mixture are separated since they have different properties and evaporation 
points. An inert gas moves the evaporated molecules towards a detector which registers the molecules as 
concentration peaks. However, this technique is not able to identify what compounds the studied 
substance consists of, and is instead done with the help of MS. An electron beam is used against the 
molecules leaving the GC in a vacuum chamber, which splits the compound into ion fractions with 
different masses. By measuring the mass of these fractions, a mass spectrum is created that corresponds to 
the atoms in a specific compound (Goodman, 1980). 
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4. Performed experiments 
This chapter will explain how the different experiments are performed and their outcomes and 
conclusions will be presented after each description of the performed experiment. 

4.1 Heating method test 1 
For this experiment, two Heidolph MR-series heating plates with magnetic stirring and a Memmert Model 100-
800 oven were used to compare and evaluate different heating methods and to see how stirring would 
affect the results. The tests on the heating plates were performed with and without stirring, and the mixing 
was done with a magnetic stirrer rotating with a speed of 250 RPM. To test the repeatability, double tests 
were performed on each heating method. 

Including the reference tests without copper pieces, twelve samples of biodiesel were aged. Conical 
laboratory flasks (Erlenmeyer flasks) were used on heating plates, and 400 ml glass beakers were used in 
the oven. The glass containers were filled 250 ml RME each, and the copper were hung in the biodiesel 
using fishing lines. The set up for the tests in the oven and the heating plate with stirring, are shown in 
Figure 10 and Figure 11. 

 

Figure 10: Test setup for the oven tests. Top picture shows the glass beakers with copper pieces immersed into the 
biodiesel before placing them in the oven. Bottom picture shows their placement in the oven. 
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Figure 11: Test setup on a heating plate with copper pieces and stirring magnets (Left) and stirring without copper 
(Right). The setup was similar for the static tests, only the magnetic stirrers were not placed in the glass flasks. 

Before placing the copper in the biodiesel they were treated in order to remove dirt, grease and provide 
them with similar surface area. The copper had 99,9% copper content and were cut into dimensions of 30 
x 20 x 8 mm, with a surface area of approximately 40 cm2. Two holes with 5 mm in diameter were drilled 
in each piece, which was used to hang the copper pieces into biodiesel. Silicon carbide grinding paper 400, 
600 and 1200 were used to polish the pieces and create a similar surface on all metal pieces. After 
polishing, the pieces were degreased by immersing them in acetone and placed ultrasound bath for 10 
minutes. The copper was wiped with acetone after the ultra sound bath, and then left for 3 nights in the 
open air to allow each piece to get a similar oxidation layer. Figure 12 shows six of the copper pieces after 
polishing. 

 

Figure 12: Copper pieces after polishing, drilling and degreasing. 
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The immersion time that was chosen for these tests was 1 hour and 50 minutes, starting when the display 
on the oven and heating plates showed 75 °C respectively. This immersion time was thought to be 
sufficient, considering that Lindström (2015) experiments showed that RME with copper placed in it, was 
degraded completely within 8 hours at 80 °C. However, it was not known how fast RME was degraded by 
copper. To increase the temperature of RME from room temperature (22-24 °C) to 75 °C took 
approximately 15-20 minutes. Thereafter an additional 30 minutes were needed to reach 80 °C. The 
temperature of the FAME samples was allowed to rise to 80 °C, but in order to reduce the experiment 
time 75 °C was chosen as starting point, as it is relatively close to 80 °C. Unless stated otherwise, this 
immersion time and starting measurement point was used in the experiments conducted in this project. 

4.1.1 Results and discussion 

The induction times of the experiments regarding the choice of heating method are presented in Table 2. 
A sample of biodiesel at room temperature was also sent for analysis, which got an induction time of 9,3 
hours. 

Table 2: Induction time for the heating methods with copper pieces, and the heating methods without copper pieces. 

 Stirring 1 Stirring 2 Static 1 Static 2 Oven 1 Oven 2 
With Cu [h] 4,8 5,4 4,7 4,3 5,5 6,0 

Without Cu [h] 8,7 8,5 8,7 8,7 8,7 8,7 
 

Approximately 2 hour immersion time appeared to be a good estimate to see a difference in the results 
with copper pieces. In Table 2, it can be seen that the samples without copper were rather stable, except 
for Stirring. However, the tests with copper pieces show large variations. This could be explained by: 

• Temperature difference in the heating plate. 
• Slower temperature increase for the sample in the oven due to heating through convection. 
• Asymmetric placement of beakers in the oven. 
• Different surface areas of the copper pieces because of the holes. 

The difference of the double tests in the heating plate (stirring and static methods) could depend on the 
fact that the heating plates might be calibrated differently. If this was the case, then the temperature on the 
display would not show the real temperature, and could be a few degrees less or more and therefore 
making one test warmer than the other. Also, which test (1 or 2) corresponds to position in the oven or 
the heating plate used, was not differentiated and thus the two different heating plates could have been 
used for e.g. Stirring 1 with copper and Stirring 1 without copper. 

The oven test with copper had an overall lower degradation rate than the heating plate tests with copper. 
An explanation to this is that the heat transfer is slower in the oven than the plates. The oven mainly heats 
the air, which in turn heats the biodiesel, meanwhile the heating plate samples are almost directly heated 
by the heating plate (through heating the glass beaker). 

Looking at Figure 10 it can be seen that the beakers are placed asymmetric, since one glass beaker is closer 
to the heating source than the other. Therefore the temperature of the biodiesel closer to the walls would 
probably be higher and biodiesel would degrade more in this fuel sample, and could be the reason for the 
difference in the oven samples.  

The third possible explanation for the deviations is the surface area of the copper pieces. It was noticed 
that some of the drilling holes got an uneven surface. An uneven surface area would mean that some 
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pieces would have a larger surface area than expected in comparison to others, which could have an 
impact the results. 

4.1.2 Conclusions 

Factors such as placement of the glass containers, different surface area of the coppers and possible 
temperature differences was thought to create the deviations in the results. Due to these uncertainties, it 
was deemed that the results were insufficient to decide which heating method gave the most reliable 
results. Therefore these factors had to be investigated further and the experiment had to be made again in 
order to eliminate the potential uncertainties. 

4.2 Temperature test 
Following the results from Heating method test 1, and the conclusions that were made, it was decided to 
firstly study how the temperature varies in the different heating methods. The temperature increase from 
room temperature to 80 °C was monitored on the heating plates without stirring, as well as in the oven. 
Two different placements were tested in the oven, one that was placed as in Figure 10, and one where the 
glass beakers were placed symmetrically. These two ways the glass beakers were placed in the oven are 
shown in Figure 13. The temperature of the biodiesel was measured at different time points and compared 
in order to see any potential difference. A temperature sensor with Pt-100 threads was used to measure 
the temperature in the biodiesel, in addition to the temperature displays of the oven and heating plates.  
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Figure 13: Top picture: Temperature measurement of biodiesel samples placed as in Figure 10. Bottom picture: 
Temperature measurement of biodiesel placed in a symmetric way. 

4.2.1 Results and discussion 

The measured temperatures in this test are presented in Tables 3-5. The naming of the tests corresponds 
to their position in the oven i.e. “Left” corresponds to the left glass beaker in Figure 13 and “Right” 
corresponds to the right glass beaker. Similar naming is used on the heating plates. 

Table 3: Measured temperature of biodiesel placed in asymmetric form as in the top picture of Figure 13. 

Time [min] Temp. Left glass beaker Temp. Right glass beaker Temp. Display 
0 22,7 22,8 28,8 
14 41,1 38,1 75 
50 73,7 72,4 80 
53 75 - 80 
57 - 75 80 
72 78,5 77,7 80 
96 80 79,6 80 
104 80,1 79,8 80,1 
109 80 80 80,1 
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Table 4: Measured temperature of biodiesel placed in a symmetric form as in the bottom picture of Figure 13. 

Time [min] Temp. Left glass beaker Temp. Right glass beaker Temp. Display 

0 21,1 21,4 21,4 
15 35 35 75 
24 51,3 50,9 78 
44 69,6 69,5 79,8 
51 72,6 72,6 80 
59 75 75 80 
60 80 80 80 

 
 

Table 5: Measured temperature of biodiesel placed on the left and right heating plates. 

Time [min] Left glass beaker 
°C 

Right glass 
beaker °C 

Left display °C Right display °C 

0 22 22,2 24 24 
10 74,4 73,6 75 - 
11 74,4 73,6 - 75 
12 75 75 76 76 
27 78,2 78,5 80 80 
61 79,5 79,5 80 80 
81 79,2 79,3 80 80 

 
Looking at Table 3 and Table 4 it can be seen that placement of the glass beakers in the oven plays a 
significant role on the biodiesel temperature. Placing the beakers asymmetric as in Heating method test 1, the 
temperature of the left beaker would be approximately 1-3 K higher than the right beaker during the 
heating period. This means that the left sample should be more degraded as it is subjected to a higher 
temperature during a longer period of time. Comparing this to placing the beakers symmetrically, the 
deviation between left and right beakers are less than 0,5 K during the time span of the experiments. 

The measured temperature on the heating plates in Table 5 shows that the right plate had a lower 
temperature than the left plate up until 75 °C. After that point the temperature seemed to fluctuate, 
sometimes increasing drastically by 1 K, which was especially noticed when the temperature reached 
approximately 78 °C on both plates. Although the right plate had a lower temperature during the heat up 
period, it was still rather stable and seemed to almost correspond to the heating plates own sensor.  

4.2.2 Conclusions 

It can be concluded that the heating plates that have been used in this project seem to have a similar 
heating rate according to the results. Heating using the oven gives results that are highly dependent on the 
placement of the glass beakers. Placing the beakers asymmetrically as in Heating method test 1 gives a higher 
temperature difference between the double tests samples, compared to placing them symmetrically. 
Therefore, biodiesel samples heated in the oven will be placed symmetrically in future tests in order to 
avoid possible deviations in the test results that are dependent on temperature difference. 

4.3 Heating method test 2 
Considering the varying induction times that were received in Heating method test 1, the test had to be 
redone with some improvements in order to eliminate possible errors and to find out most applicable 
heating method. The experimental process and setup was mostly the same as in section 4.1, although a 
few changes were implemented. The changes were as follows: 
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• A new batch of RME was used. 
• The double tests were separated from each other corresponding to their position, in order to 

differentiate them (divided into “Left” and “Right”). 
• New copper pieces were cut and polished, however no holes were drilled. 
• Copper pieces were left in the ultrasound bath for 1 hour instead of 10 minutes. 
• The oven samples were placed symmetrically, considering the results of the Temperature test. 
• Temperature levels were measured with a temperature sensor. 

The fishing lines holding up the copper pieces were fastened in another way, as it had been rather difficult 
to hang them as in Heating method test 1. Rubber bands and aluminium tape were used to fasten the fishing 
line to the glass containers. Figure 14 and Figure 15 shows the test setup for the oven respectively the 
heating plate with stirring. 

 

Figure 14: Oven samples in the second test deciding the proper heating method. 

 

Figure 15: Heating plate samples with stirring in the second test deciding the proper heating method. 

4.3.1 Results and discussion 

Implementing the changes in the experimental process provided the induction time as presented in Table 
6. The induction time for the room temperature sample was 9,2 hours. 
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Table 6: Induction time for RME that has undergone accelerated aging through different heating methods. 

 Stirring L Stirring R Static L Static R Oven L Oven R 
With Cu [h] 5,8 5,5 4,9 4,5 5,5 5,6 

Without Cu [h] 8,8 8,5 8,6 8,7 8,8 8,8 
 

Comparing Table 6 to Table 2, it can be seen that the stability of the fuel containing copper pieces showed 
less variation, when implementing the changes. However, heating plate samples without copper pieces 
seem to be more varying than in the previous heating test, meaning that something had affected the 
oxidation stability on the reference samples on the heating plates. 

Overall, the largest improvement can be seen in the oven samples, which seem to have become more 
stable when the samples were placed symmetrically and copper pieces without holes were used. The 
samples who had been exposed to stirring had also become more stable, but not to the extent as the oven 
samples. The static tests, however, showed no improvements when changing the copper pieces, meaning 
that another factor had to be affecting the repeatability of this method of heating. 

The temperature levels for the oven tests with and without copper are shown in Table 7 and Table 8. 
Measured temperature for the static and stirring tests with and without copper are presented in Appendix 
2. 

Table 7: Temperature level of biodiesel heated in the oven with copper at different time points. 

Time [min] Left glass beaker [°C] Right glass beaker [°C] Display [°C] 

0 22,5 22,4 22,7 
14 - - 75 
26 53,9 57,5 78,8 
48 71,2 72,7 80 
57 74 75 80,2 
59 75 75,8 80 
68 76,9 77,4 80 
108 79,8 80 80,1 
110 80 80 80 

 

Table 8: Temperature level of biodiesel heated in oven at different time points. 

Time [min] Left glass beaker [°C] Right glass beaker [°C] Display [°C] 

0 22,1 22,1 39,6 
12 35 35 75 
41 68,7 68,7 79,8 
52 73,8 73,8 80 
56 75 75 80 
103 80 79,8 80,1 
110 80 80 80 
122 80,2 80,1 80 

 

When copper pieces were presented in the biodiesel in the oven it is observed that the measured 
temperature between the double tests varies, while the samples without copper pieces were more or less 
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the same. Although this difference existed, the induction time in the oven samples was almost the same, 
which could indicate that the few degrees temperature difference during the heat up period does not affect 
the degradation rate to a large extent. This explanation is further underlined by the low temperature 
differences between the left and right heating plate with copper and stirring, as seen in Table 15. Although 
the temperature in the left and right heating plates were practically the same, the induction time differed 
between the plates by 0,3 hours as seen in Table 6, which indicates that other factors must be affecting the 
induction time. 

4.3.2 Conclusions 

Eliminating the uncertainties mentioned in section 4.1.1 the RME that contained copper got more stable 
in this experiment, especially when aging the fuel in the oven. However, it appeared again that not stirring 
the RME oxidizes the fuel more than stirring it. Using heating plate with stirring provided an even 
temperature increase at all time, but since the oven samples were more stable it was decided to use the 
oven to heat biodiesel in future experiments. 

4.4 Surface coating test 1 
In order to cover unwanted surfaces of aluminium a biodiesel compatible coating material had to be 
found. In this experiment, different spray paints were tested and analyzed visually to see if any substances 
would dissolve in biodiesel. Three different spray paints were tested; Master Snabblack Spray Paint (blue 
paint), Auto K Billack Spray Universal (black paint) and Scanias own Engine paint (gray paint). These spray 
paints will from here forth be called according to their colour. Three scrap aluminium pieces were fully 
covered in the three spray paints and immersed in glass beakers with RME, as illustrated in Figure 16. The 
beakers were then placed in the oven at 80 °C for 2 hours, to see how and if the paint could withstand 
biodiesel at this temperature level. 

 

Figure 16: Gray spray paint from Scania’s own brand (left), blue paint “Master Snabblack” (centre) and black spray 
paint “Auto K Billack Spray” (right). 

4.4.1 Results and discussion 

Placing the paint covered aluminium pieces was a way of testing whether the paint would withstand the 
biodiesel and maintain its integrity. Figure 17 shows the results after 2 hours of immersion in biodiesel. 
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Figure 17: Condition of the spray paints after immersion in biodiesel for 2 hours, at 80 °C. The gray paint had dissolved 
in the biodiesel. The blue spray paint (centre) and black paint (right) were rubbed slightly on the paper towel to see the 

adhesion. 

The gray paint was dissolved into the biodiesel, showing that this spray paint was not a suitable coating 
material. The blue and black paint did not dissolve anything visually in the biodiesel samples. In order to 
see how well the paint had stuck on the aluminium, the pieces were rubbed on the paper towel. The blue 
paint, as can be seen in Figure 17, was easier to rub off compared to the black paint.. Furthermore, the 2 
hour immersion time could be insufficient to see whether the paints affect biodiesel or not, considering 
that the aluminium experiments could require a longer immersion time. 

4.4.2 Conclusions 

From this quick test it appeared that the most promising spray paint that could be used for coating was 
the black spray paint. The blue spray paint could be a potential coating paint as well, but as it did not stick 
very well when wiped with the paper towel it was decided it is not a good choice of coating. Although the 
black paint did not seem to affect the biodiesel visually, it could dissolve some substance that could affect 
the oxidation stability of biodiesel. Furthermore a longer immersion time test has to be conducted in order 
to see whether the black paint can be used as a coating material. 

4.5 Surface coating test 2 
Another coating experiment was performed, to see whether there was any other potential coating material 
compatible with biodiesel, as well as testing if the black spray paint from Surface coating test 1 could 
withstand longer immersion time. In this experiment four different coating materials were tested, namely: 

• Black spray paint from Surface coating test 1 (Auto K Billack Spray). 
• White spray paint (Master Snabblack Spray Paint). 
• Silicon glue (Dow corning 7091). 
• Shrink plastic hose (type FRS212 with 25,4 mm diameter, from the company A. Malmback AB). 
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Figure 18: From left to right: Shrink plastic hose, black spray paint, white spray paint and silicon glue. 

These materials were applied on the copper pieces with holes from section 4.1. The spray paint covered 
copper was left to dry for 1 week in the open air in order to make sure they were dry. To make the black 
spray paint reach the dry hard level, it is suggested that it is left to dry for approximately 12 hours 
(Kwasny, 2017). 

Before applying the spray paint, the copper pieces were polished with silicon carbide grinding paper 1200 
to help paint adhesion. Each coated copper piece was simply immersed in biodiesel without any fishing 
line, and put in the oven at 80 °C. Due to limitations in the budget, the effect of these coatings on 
biodiesel was analysed visually as well as through FTIR and GC-MS. Samples were taken after 2 hours, 24 
hours and 96 hours in order to see whether long exposure would influence the fuel. The samples were 
analyzed after each sample collection. Analysing biodiesel in the GC-MS was done by mixing the sample 
with toluene at a 1-50 ratio, i.e. 0,1 g biodiesel and 5 g of toluene was mixed. An un-aged sample of 
biodiesel was also analysed using FTIR and GC-MS, to detect any changes that may have occurred during 
the accelerated aging. 

A reference test was also placed in the oven, in addition to the coating material samples. Figure 19 shows 
the placement of the glass beakers with RME in the oven. 

 

Figure 19: Reference test (centre), white spray paint (front right), silicon glue (front left), black spray paint (back left) 
and shrink plastic hose (back right). 
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4.5.1 Results and discussion 

Each time samples were taken from the glass beakers, the condition of each fuel sample was studied. The 
silicon glue and the spray paints did not visually affect the biodiesel, however the shrink plastic tube 
expanded and dissolved a substance into the biodiesel. During the second sample collection, at 24 hours 
immersion time, the biodiesel containing the shrink plastic tube had turned turbid and the shrink plastic 
tube itself had expanded. Figure 20 and Figure 21 shows how the shrink plastic tube changed after being 
kept in biodiesel for 2 hours and 24 hours respectively. 

 

Figure 20: Shrink plastic tube after 2 hours immersion in biodiesel at 80 °C. 

 

Figure 21: Shrink plastic tube after 24 hours immersion in biodiesel at 80 °C. The biodiesel has become turbid. 

Furthermore it was noticed that the biodiesel which had contained the silicon glue covered copper piece 
had lost its surface tension when placed on the FTIR. An explanation that this occurred is that silicon is 
generally used as an anti-foaming additive in fuel, which made the biodiesel lose its surface tension 
(Grewal, 1993). 

The FTIR analysis of biodiesel samples that were taken after 24 hours aging is shown in Figure 22. As it 
can be seen, the FTIR does not show any major deviation of the aged samples from the room temperature 
RME. A reason for this could be that the concentrations of the degraded products are too low to be 
detected using the FTIR. This could also be the case for the analysis of the samples taken after 2 hours 
and 72 hour respectively, which are presented in Figure 33 and Figure 34 respectively in Appendix 3. 
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Figure 22: FTIR analysis of the coating test samples after 24 hours immersion in biodiesel. 

Using the GC-MS to evaluate the stability of biodiesel appeared to be inconvenient, because of the vast 
amount of data that was acquired. Searching for special concentration peaks of a certain molecule that 
differed between the biodiesel samples was time consuming, and the molecule match was often of low 
quality. With this in mind, one concentration peak consisting of the substance dl-alpha-Tocopherol was 
found that could act as an indicator of the stability of the fuel, because the substance is an antioxidant 
(Pullen, et al., 2012). As seen in Figures 35-37 in Appendix 3, the amount of Tocopherol in the reference 
sample is drastically reduced between 24 and 96 hours in the oven. The other samples containing the 
coated copper pieces also show a reduction of the antioxidant, but do not change much between 24 and 
96 hours of immersions. Due to the difference in Tocopherol reduction between the reference sample and 
the samples with coating, it is hard to tell if it depends on the coating, the immersion time or on the 
biodiesel itself. 

As in Surface coating test 1 a paint adhesion test was performed on the spray paints at the end of the 
experiment (after 96 hours of immersion), in order to test how well the black and white paints resisted the 
biodiesel. The result of this is shown in Figure 23. Just as in Surface coating test 1, the black spray paint 
seemed to withstand the wiping with a paper towel. The white spray paint appeared to be able to 
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withstand the wiping as well. However, it was noticed that bubbles were formed during the coating 
process which could indicate on poor adhesion.  

 

Figure 23: The coated copper pieces after being immersed in RME for 72 hours. The shrink plastic tube clearly 
expanded, if compared to before immersing the coated copper pieces in Figure 18. 

4.5.2 Conclusions 

To evaluate RME using FTIR appeared to not be possible, as no major deviation could be detected. Using 
GC-MS for evaluation of the stability of RME is however possible, but were time consuming, difficult and 
was not proceeded due to time limitations. The silicon glue and the shrink plastic tube dissolved 
substances into the RME, which made it apparent that these coating materials were unsuitable to use with 
biodiesel. Both of the spray paints did not have any visible effect on the fuel, however the black spray 
paint appeared to be the best choice as a coating material, since it had better adhesiveness than the white 
spray pain. However, the effect it has on biodiesel oxidation stability had be evaluated further. 

4.6 Catalyst quantity and final coating tests 
From the coating tests, it appeared that the black spray paint had the best possibility to cover certain 
surfaces of the aluminium alloys. However, it was uncertain if the spray paint was entirely suitable to use 
with FAME, since the analysis through FTIR did not indicate any degradation, and the GC-MS results 
were too difficult to analyse within the time limit of the project. Therefore another test should be 
performed with the black paint and afterwards the fuel sample can be analysed with the Rancimat analysis. 
Two copper pieces with holes in them (see section 4.1) were completely covered in the black spray paint 
and left to dry in open air for five days before being immersed in RME. The immersion time was 1 h and 
50 minutes, starting from 75 °C. 

Furthermore, it was interesting to see whether the amount of catalyst had any impact on the stability of 
biodiesel. Tests were therefore conducted with two copper pieces instead of one, as well as two reference 
tests: one without any copper pieces, and the other with one single copper piece immersed. The copper 
pieces from Heating method test 2 were reused and were polished and degreased in the same manner, in 
order to remove oxidation layers and impurities that may have emerged from the previous test. Figure 24 
shows the fuel samples with two copper pieces immersed. A new batch of biodiesel was used in this set of 
experiments. 
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Figure 24: Biodiesel samples with two copper pieces in each glass vessel. 

4.6.1 Results and discussions 

 

Figure 25: Induction time period for black painting test and copper quantity test. 

The induction time of conducted tests are shown in Figure 25. The un-aged RME had an induction time 
of 8,1 hours. The black spray coated paint have an induction time that is very close to the no-copper 
reference test, which would indicate that the paint does not oxidize or release antioxidants into the RME. 
This means that the black spray paint is suitable to use to cover certain surfaces of metal pieces immersed 
in biodiesel, without affecting the stability of fuel during accelerated aging. Comparing the results of the 
samples with copper, it can be seen that the degradation rate is almost directly proportional to the amount 
of copper that is used. This suggests that doubling the amount of catalyst would also double the oxidation 
rate. 
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4.6.2 Conclusions 

From this experiment it can be concluded that the black spray paint has shown to be a potential coating 
material that can be used to cover the unwanted surfaces of the fuel filter housing in the coming 
experiments. Also, it was shown that increasing the amount of catalyst used in the test would increase the 
degradation of RME. Therefore, it would be suitable to use a higher catalyst to biodiesel ratio when testing 
the aluminium alloys, i.e. immerse more aluminium in order to see possible oxidation effect. 

4.7 Aluminium time tests 
A suitable immersion time had to be chosen for the aluminium test, as it was not expected to behave the 
same as copper. Two time periods were tested: 4 hours and 24 hours, in order to see whether a short 
immersion time was enough to obtain a result. The countdown started immediately when the oven was 
turned on. The starting temperature for the 24 hour tests, with aluminium pieces and the reference test, 
were 71,2 °C and 65,4 °C respectively. 

The aluminium ingot EN-AB46000 with high copper content were cut into pieces with the approximate 
dimensions 5 x 1,5 x 1,9 cm, with a surface area of approximately 39,7 cm2. Around 12,35 cm2 of the total 
surface area consisted of untreated surface, i.e. the outer layer of the aluminium ingot, and the remaining 
27,35 cm2 were treated with silicon carbide grinding paper 320, 400, 600 and 1200. The aluminium pieces 
were placed in ultrasound bath for 10 minutes in acetone, and left to dry for 30 minutes before the start of 
the test. Two of these pieces were immersed in one glass beaker filled with RME to increase the likelihood 
of detecting the effect of the catalyst. This means that the total surface area aluminium per test was 
approximately 80 cm2. Unless other properties were stated, the same procedure was performed on the 
other aluminium experiments. Figure 26 shows the EN-AB46000 aluminium alloy pieces after the 
ultrasound bath.  

 

Figure 26: Aluminium alloy EN-AB46000 with 10 weight% copper content. Polished surface of the pieces (left) and 
unpolished surfaces (right). 

The biodiesel samples were analysed using a Metrohm 873 Biodiesel Rancimat system at the company 
Swerea KIMAB. A picture of the apparatus with the biodiesel before starting the analysis is shown in 
Figure 27. The heating blocks had to be calibrated before the analysis in order for the temperature of the 
biodiesel to become 110 °C. The temperature in the left heating block in Figure 27 was set to 111,4 °C 
and the right heating block temperature was set to 110,8 °C, which would make sure the biodiesel samples 
would have a temperature of 110 °C. Furthermore, the stop criteria of the analysis was 10 hours of time, 
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since the induction time of the tests was known to be within this time (see sections 4.1, 4.3 and 4.6). 
Unless otherwise stated, these settings were used during the Rancimat analysis. 

 

Figure 27: Metrohm 873 Biodiesel Rancimat system at Swerea KIMAB, before staring the Rancimat analysis. The glass 
vials were placed into the holes of the apparatus, where the samples were heated to 110 °C. 

4.7.1 Results and discussions 

The results of the Rancimat analysis are presented in Table 9. The low induction period indicates that the 
batch of biodiesel that was used in this experiment was aged, probably during the storing. Aging the 
biodiesel for 4 hours with the alloy appeared to degrade the biodiesel just a little more than the reference 
tests. Aging it for 24 hours, however showed that the fuel with the aluminium had higher oxidation 
stability compared to the reference tests. One explanation to why this happened is that the reference 
biodiesel was aged with a higher starting temperature than the sample containing the alloy. This means 
that the reference fuel would be exposed to a higher oxidation rate for a longer time than the biodiesel 
with aluminium and therefore be more degraded. 

Table 9: Induction time period for biodiesel subject to Aluminium alloy EN-AB46000 and aged biodiesel. 

 4h L 4h R 24h L 24h R 
Aluminium EN-AB46000 induction time 

[h] 
3,21 3,28 1,61 1,30 

Reference induction time [h] 3,31 3,33 1,17 1,19 
 

Furthermore the fuel with aluminium which had been in the oven for 24 hours had a rather larger 
difference in the induction time between the double tests compared to the corresponding 4 hour tests. A 
possible reason for this deviation is that the aluminium pieces were reused in the 24 hour test. Although 
the treated surfaces were polished and degreased before the 24 hour test, the untreated surfaces were only 
degreased. 

4.7.2 Conclusions 

Due to the different starting temperatures and the deviations of the 24 hour tests it was difficult to draw a 
conclusion if longer soaking has an effect on the degradation rate, and another test would be required in 
order to determine it. However, due to time limitations in the project, it was decided that the 4 hour 
accelerated aging would be used for the other aluminium test. 
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4.8 Aluminium test – copper content 
This experiment aimed to see whether the copper content in aluminium alloy had a significant impact on 
biodiesel. Three different aluminium ingots, EN-AB43400, EN-AB47100 and EN-AB46000 were cut into 
four pieces each with approximately the same dimensions as in section 4.7. However, in this experiment 
all sides of the pieces were polished to make sure the tests were as similar as possible, and to expose the 
copper compounds inside the alloys. Each side of the aluminium pieces were polished with silicon carbide 
grinding paper 400, 600 and 1200, and placed afterwards in an ultrasound bath for 15 minutes while 
immersed in acetone. After drying for approximately 30 minutes, the pieces were placed in the oven for 4 
hours. Figure 28-30 shows the different aluminium alloy pieces after the ultrasound bath. The same batch 
of biodiesel from Aluminium time tests was used (four days after the final time test). 

 

Figure 28: Aluminium alloy EN-AB46000 with high copper content. Small pores can be seen on the surface. 

 

Figure 29: Aluminium alloy EN-AB47100 with medium copper content. Large pores can be seen on one of the pieces, 
which probably appeared during the solidification process of the ingot. 
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Figure 30: Aluminium alloy EN-AB43400 with low/no copper content. 

4.8.1 Results and discussions 

The stability of the aged biodiesel is vaguely affected by the copper content in the aluminium, according to 
the results in Table 10. The samples with low copper content (alloy EN-AB43400) had the highest 
stability left, and the other two alloys had almost the same induction time. This shows that the degradation 
of FAME in contact with aluminium alloys could be proportional to the copper content. However, it 
should be noted that the tests with EN-AB47100 and EN-AB46000 alloys were conducted 3 respectively 
4 days after the EN-AB43400 tests. Considering that the fuel was already old before performing the tests, 
chances are that the slight difference of the results could depend on aging in between the tests. 

Table 10: Induction time for aged biodiesel containing aluminium alloys EN-AB43400, EN-AB47100, EN-AB46000 and 
un-aged biodiesel. 

 Al 43400 
L 

Al 43400 
R 

Al 47100 
L 

Al 47100 
R 

Al 46000 
L 

Al 46000 
R 

Ref. Room 
temp. 

Induction 
time [h] 

3,28 3,09 2,93 3,09 2,97 2,93 3,81 

 

Comparing the results from Table 10 to Table 7, there is a difference in the induction time for the EN-
AB46000 aged fuels. The immersion time for the 4 hour tests differ in the tables by approximately 0,3 
hours, which would indicate that the biodiesel had aged in between the tests. However the difference 
could also depend on the aluminium pieces, since the ones used in Aluminium time tests were not entirely 
polished and therefore had less copper compounds exposed on the surface. 

It can also be noted that the test with the alloy EN-AB43400 had an IT a little lower than the reference 
test, which also could have resulted from aging during storage. It could also depend on that aluminium 
itself or another compound in the metal acts as a catalyst. If this was the case, the difference in IT seen 
between the metals in Table 10 could depend on the copper content of the alloy, or uncertainties in the 
results. 

4.8.2 Conclusions 

Assuming that the biodiesel used in this experiment did not degrade during storage over the 8 days 
between the experiments, this indicates that the copper content of aluminium alloys would have an effect 
on the biodiesel, with higher copper content leading to higher degradation rate. The increased degradation 
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is however rather small, and could be caused by uncertainties in the experimental process, and therefore a 
uncertainty analysis should be made. 

4.9 Aluminium test – fuel filter houses 
The fuel filter houses were cut into similar curved plates, with inner surfaces having approximate 
dimensions of 7 cm x 6 cm (42 cm2) that had not been polished. The outside surfaces of the plates were 
treated with a Buehler Supermet Grinder, in order to create an even surface and improve the paint adhesion. 
All outside edges were also grinded down. The plates were then wiped with acetone to remove any 
impurities that may have existed. Ultrasound bath was not used, unlike previous experiments, as a 
precaution to keep the material M in the pores. The black spray paint was applied on the polished outer 
surface and left to dry for 5 nights. 

Unlike previous experiments, where the metal pieces were hung in the biodiesel, the plates were placed on 
the bottom of the glass beakers. The inner surface was positioned facing upwards, in order to reduce the 
probability of air bubbles attaching on the surface and interfere with the oxidation process. Figure 31 
shows the sprayed outer sides of the alloy plates and Figure 32 shows how the pieces were placed in the 
glass beaker. 

The batch of biodiesel that were used for the two previous experiments with aluminium ingots was also 
used in this experiment. There was however not a sufficient amount of biodiesel left to for all the tests, so 
a new batch of biodiesel was used to perform the tests on the fuel filter house plates made from EN-
AC46500 alloy with the material M sealing. Therefore another reference test was also made, in order to 
detect any possible differences. 

 

Figure 31: Fuel filter houses plates which have been painted with Auto K Billack spray Universal. From left to right:: 
EN-AC46500 filter house without material M, EN-AC43100 filter house with material M and EN-AC46500 filter house 

with material M. 
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Figure 32: The placement of the fuel filter houses plates in the beaker. 

4.9.1 Results and discussions 

As seen in Table 11 no major difference was detected between the reference sample and the Type A fuel 
filter house with sealing material M. The induction time of the EN-AC46500 plate without sealing was 
approximately the same as in the EN-AC43100 plate with sealing and this shows that material M does not 
oxidize biodiesel. It also indicates that both of the tested alloys have almost the same impact on the 
biodiesel oxidation. The reason of this could be that the copper inside of the alloys are not in direct 
contact with the fuel, since the outer layer of the cast aluminium alloy consists of almost pure aluminium 
(Seifeddine, 2006). That would also explain why the EN-AC46500 plate with sealing had almost identical 
stability left as the reference test.  

However, a noticeable difference can be seen between the tests that used the older batch of biodiesel in 
this set of experiments, and the reference test in Table 9. As discussed in section 4.8.1 the difference could 
depend on the time interval between these experiments, which could have allowed the biodiesel to 
degrade during storage. 

It should also be mentioned that the plates that were used in these tests had not been mechanically 
treated. Although this would be a good representation of the inner surface of a fuel filter house, the fuel 
filter house has certain parts that have been treated and where copper compounds could be exposed. A 
majority of the inner surface walls consists however of untreated aluminium alloy.  

Table 11: Induction time for the different fuel filter housing plates with and without sealing material M sealing. 

 43100 L 
seal. 

43100 R 
seal. 

46500 L 
no seal. 

46500 R 
no seal. 

46500 L 
seal. 

46500 R 
seal. 

Ref 80 
°C #2 L 

Ref 80 
°C #2 R 

Inductio
n time 

[h] 

2,59 2,64 2,61 2,63 7,65 7,81 7,57 7,84 

 

4.9.2 Conclusions 

From these results it seems that the inner surface of a fuel filter house does not increase the oxidation of 
biodiesel, regardless of the copper content in the aluminium cast as the copper does not appear on the 
surface. It can also be stated that sealing material M does not appear to degrade the fuel further. 
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4.10 Uncertainty analysis of the aluminium experiments 
Due to the small differences in the results, an uncertainty analysis was performed on the experiments with 
aluminium immersed in RME for 4 hours, in order to evaluate the validity of the results and if the alloys 
had an oxidative effect on the fuel. The uncertainty analysis can only be applied for the tests that made use 
of the older batch of RME, considering that the stability of an unaged sample of the newer batch was not 
measured. 

Each biodiesel sample was assumed to start with an induction time of 3,81 hours before being aged, 
corresponding to the stability of the unaged RME batch. The average IT (induction time) of the double 
samples, as well as the absolute difference between left and right samples for each individual tests are 
shown in Table 12. It should be noted that the uncertainty analysis cannot be applied to the results of the 
test with fuel filter assembly 46500, however the difference between its left and right samples can be used 
to improve the accuracy of the analysis. 

Table 12: The mean induction time (IT) and the difference between the left and right samples of the aluminium tests 
that has undergone aging for 4 hours. 

 Reference 
80 °C 

46000 
time test 

43400 
ingot test 

47100 
ingot test 

46000 
ingot test 

43100 
seal 

46500 no 
seal 

46500 
seal 

Average 
IT [h] 3,32 3,25 3,19 3,01 2,95 2,62 2,62 7,73 

Diff. 
Double 
samples 

[h] 

0,02 0,07 0,19 0,16 0,04 0,05 0,02 0,16 

 

To ascertain that the aluminium had an oxidizing effect, the induction time of an aluminium test in 
combination with the uncertainty in the measurement, should not overlap the IT for the reference test. 
This can be explained by equation 1: 

𝐼𝐼𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 +  𝜇𝜇 <  𝐼𝐼𝐼𝐼𝑟𝑟𝑡𝑡𝑟𝑟𝑡𝑡𝑟𝑟𝑡𝑡𝑎𝑎𝑟𝑟𝑡𝑡 80°𝐶𝐶      (Eq. 1) 

The term 𝜇𝜇 is the uncertainty in the measurements that is expressed with two standard deviations as 

𝜇𝜇 = �∆� +  2 ∗ 𝑐𝑐(∆𝑎𝑎)�         (Eq. 2) 

∆� is the arithmetic average of the absolute difference between the left and right samples in the 4 hour 
aluminium tests and is calculated by (JCGM, 2008) 

∆�  =  1
𝑎𝑎
∑ ∆𝑎𝑎𝑎𝑎
𝑎𝑎=1           (Eq. 3) 

where ∆𝑎𝑎 is the absolute difference between the double samples in a specific aluminium test, and 𝑐𝑐 is the 
amount of double tests performed. The term 𝑐𝑐(∆𝑎𝑎)in equation 2 is the experimental standard deviation of 
the difference between the double tests and is expressed by (JCGM, 2008) 

𝑐𝑐(∆𝑎𝑎) = � 1
𝑎𝑎−1

∑ (∆𝑎𝑎 − ∆�)2𝑎𝑎
𝑎𝑎=1         (Eq. 4) 
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Calculating equations 3 and 4 gives ∆�= 0,099 ℎ𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐  and 𝑐𝑐(∆𝑎𝑎) = 0,069 ℎ𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐 . With two standard 
uncertainties, the uncertainty becomes: 

𝜇𝜇 = 0,099 + (2 ∗ 0,069)) = 0,237 ℎ𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐       (Eq. 5) 

Table 13 shows the IT of the aluminium tests in Table 12 added with the uncertainty from equation 5. 

Table 13: Induction time span of aluminium tests with an added uncertainty.  If the reference IT in Table 12 falls 
within the probability distribution, it is not definite that the aluminium alloy oxidized biodiesel. 

 46000 time 
test 

43400 ingot 
test 

47100 ingot 
test 

46000 ingot 
test 

43100 with 
sealing 

46500 no 
sealing 

Average IT 
probability 

span [h] 

3,487 to 
3,013 

3,427 to 
2,953 

3,247 to 
2,773 

3,187 to 
2,713 

2,857 to 
2,383 

2,857 to 
2,383 

Is Ref. 80 
°C within 
the span? 

Yes Yes No No No No 

 

Looking at Table 13 it is seen that there is a possibility that the results for alloy 46000 in Aluminium time 
tests and alloy 43400 did not differ from the reference test. This is because the IT for the reference test 
falls within the uncertainty span of these two probability distributions. From the uncertainty in the 
measurements it also appears that the other aluminium pieces have an oxidizing effect on the biodiesel, 
considering their IT span does not include the IT of the reference. However, if this is because of the 
aluminium oxidizing effect, is questionable considering that the two different tests with EN-AB46000 had 
such different results. Another reason that the results are questionable are that the two fuel filter houses 
43100 and 46500, which did not have copper on their surface, had a lower IT than the EN-AB43400 test, 
which does not have any copper as well. 

Although a higher copper content in the ingot tests appear to show an increased catalytic effect on the 
stability of biodiesel in Table 12, it is hard to tell if this really is the case with these experiments. The 
uncertainty span for 46000 time test encompasses the average IT of the 43400 ingot test, as well as the 
majority of its possible induction time span. This means that there is possibly no difference in the catalytic 
effect on oxidation between these two alloys. However, the 46000 ingot test shows that there is a 
difference, as it does not encompass the average IT of 43400, which contradicts the previous statement 
that no difference in catalytic effect exists between the two alloys. 

   



39 
 

5. Conclusions 
The purpose of this project was to define a repeatable way to detect the catalytic effect of metals on 
biodiesel through accelerated aging of the fuel. The method was then implemented in testing to what 
extent different aluminium alloys oxidizes RME. 

Setting up an experiment to test the catalytic effect of metals on biodiesel is preferably done in the oven as 
it was shown to have better repeatability than using heating plates. Using 80 °C as the operating 
temperature provides relatively fast accelerated aging tests on pure biodiesel. If there are any surfaces of 
the metal that must be excluded in the test, the paint Auto K Billack spray Universal can be used as it 
appeared compatible to use with biodiesel.  

Testing copper oxidation properties, 2 hours test time is sufficient to see any useable results. Furthermore, 
doubling the amount of copper showed a twice as large reduction in stability of RME, which indicates that 
the degradation rate is directly proportional to the amount of catalyst. 

To summarize the findings of the aluminium alloy tests, it seems that the copper content had a certain 
degree of effect on the stability of RME during accelerated aging, if the aluminium had been mechanically 
treated. However, as an old batch of RME was used for the majority of the aluminium experiments, and a 
low immersion time was utilized, it is difficult to say if this is true and if the aluminium itself oxidizes 
biodiesel or not. It can however be stated that no difference could be detected between using a fuel filter 
assembly with high copper content or low copper content. This indicates that the untreated aluminium 
surface of the assemblies has the same effect on RME, and therefore either alloy could be used in the fuel 
system. 
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6. Future Studies 
Some suggestions for future work are: 

• Testing the oxidation effect of aluminium alloys during a longer period of time by using biodiesel 
blends, in order to detect potential oxidation effect of the alloys. 

• Testing the oxidation effect of fuel filter houses on biodiesel in a more realistic scenario, including 
both treated and untreated surfaces. This could be done by, for example, using the whole fuel 
filter house or the bottom part as a cup to contain the fuel in the oven, instead of using glass 
beakers. 

• Investigating different ways to immerse catalysts in a simpler way in the biodiesel during 
accelerated aging. An example could be to make use of a hollow basket made out of a material 
compatible with FAME (e.g. fishing lines). 

• Testing how the mechanically treated inner surface area of aluminium fuel filter assemblies 
influences the oxidation stability. 

• Studying different catalyst to biodiesel ratios in order to see the effect it has on biodiesel 
degradation rate.  
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Appendix 1 
Table 14 shows the elemental composition of the aluminium alloys used in this project. The numbers 
represents mass fraction of each element in the alloy. 

Table 14: Different cast aluminium alloys and their components (Swedish Standards Institute, 2010) 

 

 

  

Numerical 
designation 

Chemical 
designation Al Cr Cu Fe Mg Mn Ni Pb Si Sn Ti Zn Others 

EN1706AB - 
43100 AlSi10Mg (b) 88,12 - 0,08 0,45 

0,25-
0,45 0,45 0,05 0,05 9-11 0,05 0,15 0,1 0,15 

EN1706AC - 
43400 AlSi10Mg(Fe) 87,35 - 0,1 1 

0,2-
0,5 0,55 0,05 0,05 9-11 0,05 0,2 0,15 0,15 

EN1706AB - 
47100 AlSi12Cu1(Fe) 83,65 0,1 

0,7-
1,2 

0,6-
1,1 0,35 0,55 0,3 0,2 

10,5-
13,5 0,1 0,15 0,55 0,25 

EN1706AB - 
46000 AlSi9Cu3(Fe) 82,9 0,15 2-4 

0,6-
1,1 

0,15-
0,55 0,55 0,55 0,35 8-11 0,15 0,2 1,2 0,25 

EN1706AC - 
46500 AlSi9Cu3(Fe)(Zn) 80,65 0,15 2-4 1,3 

0,05-
0,55 0,55 0,55 0,35 8-11 0,15 0,25 3 0,25 
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Appendix 2 
Tables 15-18 presents the measured temperature levels of the experiments conducted on the heating 
plates in Heating method test 2. 

Table 15: Temperature of biodiesel samples on heating plate with copper pieces, mixed with a magnetic stirrer. 

Time [min] Left plate [°C] Right plate [°C] Left Display [°C] Right Display 
[°C] 

0 21,9 22 24 24 
11 73,4 73,4 75 75 
13 75 75 77 77 
27 77,9 77,9 80 80 
37 78,2 78,2 80 80 
64 78,7 78,6 80 80 
91 78,6 78,6 80 80 
121 78,7 78 80 80 

 

Table 16: Temperature of biodiesel samples placed on heating plates, mixed with a magnetic stirrer. 

Time [min] Left plate [°C] Right plate [°C] Left Display [°C] Right Display 
[°C] 

0 21,9 21,8 24 24 
10 73,1 72,9 75 75 
13 75 74,4 77 76 
13 75,3 75 77 77 
25 78 77,8 80 79 
26 - - 80 80 
37 78,3 78,2 80 80 
67 78,6 78,5 80 80 
99 78,7 78,5 80 80 
120 - - 80 80 

 

Table 17: Temperature levels of biodiesel with copper on the heating plates, without stirring. 

Time [min] Left plate [°C] Right plate [°C] Left Display [°C] Right Display 
[°C] 

0 22,4 22,5 24 24 
10 74,7 74,7 75 75 
12 75,6 75,6 79 80 
26 78,9 78,4 80 80 
28 79,3 77,5 80 80 
45 80 78,7 80 80 
79 79,5 78,9 80 80 
120 79,5 78,6 80 80 
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Table 18: Temperature of biodiesel samples placed on the heating plates, without stirring. 

Time [min] Left plate [°C] Right plate [°C] Left Display [°C] Right Display 
[°C] 

0 22,7 22,7 24 25 
9 72,7 72,7 75 74 
10 73,9 73,8 76 75 
12 75,1 75,6 77 76 
24 77,5 78,6 79 80 
32 78,2 78,8 80 80 
74 78,9 79,1 80 80 
109 78,7 79 80 80 
119 78,8 79,4 80 80 
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Appendix 3 
The results for the FTIR analysis of the tests performed in Surface coating test 2 after 2 hours and 96 hours 
are presented in Figure 33 and Figure 34 respectively. 

 

Figure 33: FTIR analysis of the coating test samples after 2 hours immersion in biodiesel. 
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Figure 34: FTIR analysis of the coating test samples after 96 hours immersion in biodiesel. 

The concentration peaks of dl-alpha-Tocoperhol measured using the GC-MS are presented in Figures 35-
37. The colour of the lines corresponds to the different samples of biodiesel as follows: Black – biodiesel 
at room temperature. Red – reference biodiesel at 80 °C. Blue – biodiesel with shrink plastic tube coated 
copper. Dark green – biodiesel with silicon glue coated copper. Light green – biodiesel with white paint 
covered copper. Yellow – biodiesel with black paint covered copper. 

Coating black 96 hours
Coating shrink plastic tube 96 hours
Coating Si-glue 96 hours
Coating white 96 hours
Reference 80C, 96 hours
Reference room temperature

Name Description

4000 6503500 3000 2500 2000 1500 1000

101

55

60

65

70

75

80

85

90

95

100

cm-1

%
T



49 
 

 

Figure 35: Concentration of dl-alpha-Tocopherol after 2 hours in the oven at 80 °C. 

 

Figure 36: Concentration of dl-alpha-Tocopherol after 24 hours in the oven at 80 °C. 

 

Figure 37: Concentration of dl-alpha-Tocopherol after 96 hours in the oven at 80 °C. 
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