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Preface 
 

This has been a project from the Faculty of Technology of Linnaeus University in Sweden. 

The project was initialized by Ulrika Welander and supervised by Jan Brandin and Charlotte 

Parsland. The work is about kinetic study of tar cracking/reforming over nickel-substituted 

Ba-hexaaluminate catalysts. 
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Summary (english) 
 

In this work, a new type of catalyst, Ba-Ni-hexaaluminate with various degree of substitution 

of Ni, should be investigated in the cracking/reforming reaction of a model tar component, 

methyl-naphthalene.  

By the use of only one reactant, the reacting system is heavily simplified and only a limited 

number of possible products could be formed. The kinetics for this simplified system should 

be investigated in an integral reactor. The aim of this work is to crack tars with the Ba-

Nihexaaluminate catalyst and to identify the different products which could be formed. 

The main decomposition path and  fragments were determined to : 

 

1-Methylnaphthalene  Naphthalene  Styrene  Benzene + smaller hydrocarbons 

 

The frequency factor and the activation energy, for a assumed first order reaction, for the first 

step, the de-alkylation of 1-methyl-napthalen to naphthalene were determined to : 

Frequency factor  a0 = 8.1*10^7 min
-1

 

Activation energy    Ea = -165.3 kJ/mol.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



  
 

 

IV 

 

 

Summary (swedish) 
 

I detta arbete har en ny typ av katalysator, Ba-Ni-Hexaluminat blivit undersökt med avseende 

på dess förmåga att kracka/reformera tjära från biomassaförgasning. Som modellsubstans för 

tjära har1-metylnaftalen används. I studien har de huvudsakliga nedbrytningsfragmenten vid 

krackningen/reformeringen klarlagts: 

 

1-Methylnaftalen  Naftalen  Styren  Benzen + smaller hydrocarbons 

 

Dessutom har en kinetisk studie genomförts där frekvensfaktor och aktiveringsenergin, 

förmodad första ordningens reaktion, för det första steget, dealkyleringen av 1-metylnapthalen 

till naftalen har bestämts. 

Frekvensfaktorn  a0 = 8.1*10^7 min
-1

 

Aktiveringsenergin   Ea = -165.3 kJ/mol.  
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1 Introduction 
 

Thermal processing of biomass has the potential to offer a major contribution in meeting the 

increasing demands in the bio-energy and renewable energy sectors as well as meeting the 

targets set by the EC and member countries for CO2 mitigation. Biomass gasification is 

considered one of the most promising routes for syngas or combined heat and power 

production because of the potential for high efficiency cycles. Instead of utilizing biomass in 

traditional low-efficient systems (steam cycles), high efficient gas engines or combined gas- 

and steam turbine cycles can be applied. Good technical progress has been made in the field 

of biomass gasification but, at a commercial level, good achievements still have to be 

attained. International Networks like the IEA Bioenergy and the Gasification Network, 

Gasnet have been established to provide a world-wide forum for the discussion, exchange and 

dissemination of information on new scientific and technological developments regarding 

biomass gasification and related technologies. Demonstration projects are reviewed to 

identify technical and non-technical issues that inhibit rapid and widespread implementation 

of gasification technologies. [1] 

In Figure 1 you can see a schematic presentation of gasification: 

 

 

 
 

Figure 1: schematic presentation of gasification [2] 
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In the gasification of biomass, a gas consisting of CO, CO2, H2, H2O, lower hydrocarbons 

(mainly CH4 and some C2 compounds) and tars are formed as the main components. One of 

the main problems is the formation of the tars. Tars are polyaromatic compounds formed 

during the breakdown of the main constituents in the biomass, for example cellulose, 

hemicelluloses and lignin by heating. One can classify the formed tars in four groups [3]: 

 

Primary products: mixed oxygenates (e.g., organic acids, aldehydes, and ketones) formed at 

low temperature, approximately 400 °C 

 

Secondary products: phenolic compounds formed at approximately 600 °C  

 

Tertiary products: methyl derivatives of polynucleous aromatics (alkyl-PNA) (e.g., 

methylacenaphthylene, methyl naphthalene, toluene, and indene) formed at approximately 

800 °C 

 

Quaternary products: at higher temperatures, the tertiary products (alkyl-PNA) are stripped of 

their substituents and benzene, naphthalene, acenaphthylene, and pyrene are formed, at 

approximately 900 °C. 

 

 

 
Figure 2: Distribution of the four tar component classes as a function of temperature at 300ms 

[4]. 
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The composition of tars is highly dependent on process parameters such as temperature, 

pressure, and residence time. 

An efficient removal of these side products is essential, because tar condenses on cooler parts, 

pipes ,valves, filters and could block for example gas turbines . So they might block, break 

down and interrupt the continuous flow [5].  

 

There are two possibilities to remove them. The tars could be removed from the gas stream 

either by physical means, for example by wet scrubbing or filters or by converting them into 

useful components directly in the gas. 

But to reach that, one has to use higher temperatures to crack the tars. The Problem of thermal 

cracking is that the system needs a very high temperature in a range of 900-1300°C and so the 

system needs a lot of energy. At temperatures above 1300°C most of the tars are cracked with 

sufficient residence time but at these temperatures soot is formed, which is problematic as 

well. 

From an economic and technical point of view a catalytic process therefore is a promising 

alternative because a catalyst is a substance that increases the rate of a chemical reaction by 

reducing the activation energy. This means that the reaction can be conducted at a lower 

temperature. In this way, the energy consumption can be reduced. 

 

 

Figure 3:  Catalytic tar removal strategy [6] 
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2 Theoretical Part 
 

The Ba-hexaaluminate Catalyst 
 

Solid oxide compounds, known as ‘hexaaluminates,’ have found application industrially, as 

combustion catalysts. Their crystalline structure, for example BaNiAl11O19, has an unusually 

good resistance to thermal sintering, as a solid state diffusion of atoms and ions due to the 

crystalline structure is suppressed, resulting in a refractory oxide. Due to this unique ability 

hexaaluminates have also been used for nuclear-waste disposal, host laser crystals, 

combustion catalysts and catalyst supports. There are a variety of inexpensive metals which 

may prove to be acceptable high-temperature partial oxidation catalysts if they are anchored 

in the crystalline structure. These include nickel and cobalt and iron, which offer a promising 

substitute for noble metals. [7] 

It was decided to use a nickel-based catalyst in this work because nickel is a very effective 

and cheap catalyst. 

 

Deactivation of catalysts 
 

Normally solid heterogenous catalysts have the active material on the surface. 

 

 

Figure 4: Surface of a Catalyst [8] 

 

The problem with normally solid heterogeneous catalysts is that they are susceptible against 

minor contaminants, i.e. poisons. In the gas there can be minor contaminants like H2S, NH3, 

COS, and HCN. For nickel-based catalyst particular H2S is poisonous.   
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Here is a simple draw of it: 

 

 

 

H2S attacks and damages irreparably the Nickel particles on the surface. 

 

It will form now NiS and Hydrogen will be released 

 

Ni + N2S     NiS + H2 

 

 

The NiS particles have a lower melting point than the Ni particles and lower activity. Now 

there is the great possibility that the NiS particles sinter and fuse them together. A larger 

particle has a smaller surface area than a plurality of small particles. Since the catalytic 

activity is proportional to the surface exposed, this leads to a decrease in activity. 
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In figure 5 Jan Brandin (University Växjö) and Francesco Basile (Università di Bolgna) tested 

the activity of a Ni-based commercial catalyst in presence of H2S in the feed. Here one can 

clearly see how much the effectiveness of the Ni catalyst decreases when H2S was added to 

the feed (minute 50). The increased yield in the end is due to the addition of oxygen, followed 

by a partial combustion of the feedstock and an increased reaction temperature due to the 

released heat. The activity increases is due to the fact that the rate of a chemical reaction 

increases exponentially with temperature and that the coverage of hydrogen sulphide   

decreases with increased temperature (more active surface becomes available for the 

reforming reaction). [9]  
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Steam reforming, Methane, 3:1 steam:C, inlet temp 800°C addition of 50 ppm H2S 

 

Figure 5: Activity of a Ni-based comercial catalyst in presence of H2S in the feed. Hydrogen 

Yield (%): Wcat = 40g; GHSV = 500 Ni/h; S/C = 3,0 v/v; Tin = 800°C at the beginning; 

analysis in dry gases; of 50 ppm vol H2S. 

 

If the metals can be substituted directly into the structure of hexaaluminates, there may be a 

strong interaction between metal and support, which hinders sintering at high temperatures.  

If the metals are atomically dispersed in the crystalline structure, one can expect a higher 

sulphur tolerance and temperature stability. In contrast to a Ni-crystallite, H2S can only block 

the surface but have not the possibility to enter the crystal structure. This means that there is 

no accumulation of sulphide ions in the bulk of the active material, only on the surface. At 

increased temperature coverage of sulphur decreases due to the adsorption equilibrium and 

the active surface is freed up.  

 

 

There are 2 variants of hexaaluminate. The first is called magnetoplumbite and the second is 

called β-alumina, according to the ionic configuration of the mirror plane. Ideally, both of 

them look like in figure 4. [11] 
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Figure 6: Ideal unit cell structure of magnetoplumbite and β–alumina. [12] 

 

But the crystal structure has also a drawback. The Nickel atoms which are too deep inside the 

structure cannot catalyse the reaction, only atoms in the surface layer will be active. 

Hopefully the catalyst will still exhibit sufficient activity to be a useful catalyst.   

To ensure that correct material was produced correct is was investigated with the XRD.. The 

XRD measurement is a crystal structure analysis and based on the result one can make 

analytical statements about the structure of the sample. [13]  

The diagram, on the following page, shows an XRD-diagram of a Me-hexaaluminate (Me= 

Mn,Co, Fe, Ni, Cr) catalyst.  
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Figure 7: XRD-diagram of a Me-hexaaluminate (Me= Mn,Co, Fe, Ni, Cr) catalyst. [14] 

 

Reaction paths 
 

The reactions for the degradation of Methylnaphtalene have to find out. One can only 

speculate before what could probably happen or what is possible. One option might look like 

this: 

 

Naphthalene could arise from 1-Methylnaphthalene. After that one of the Benzene rings could 

dissipate and instead of that carbon chains are forming on the remained Benzene ring. Once 

the carbon chains could divide and could build some normal carbon chains like Methane or 

Ethane. But as previously mentioned it is pure speculation. 

Another possible reaction path could be the partition from 1-Methylnaphthalene to Toluene 

and smaller hydrocarbons.  
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However this is pure assumption, one has to identify of the degradation products to make 

further statements. 

 

 

3 Experimental Part 
 

GCMS 
 

Gas chromatography ("GC") and mass spectrometry ("MS") make an effective combination 

for chemical analysis. The equipment used for gas chromatography generally consists of an 

injection port at one end of a metal column packed with substrate material and a detector at 

the other end of the column.  A carrier gas propels the sample down the column. A gas that 

does not react with the sample or column is essential for reliable results. For this reason, 

carrier gases are usually argon, helium, hydrogen, nitrogen, or hydrogen. For our samples we 

took Hydrogen. To ensure proper separation, the sample must enter the column in a discreet, 

compact packet. The injection port is maintained at a temperature at which the sample 

vaporizes immediately. The column is a metal tube. As the sample moves through the 

column, the different molecular characteristics determine how each substance in the sample 

interacts with the column surface and packing. The GC instrument uses a detector to measure 

the different compounds as they emerge from the column. The spectral output is usually 

stored electronically and displayed on a monitor. Ideally, the spectral peaks should be 

symmetrical, narrow, separate (not overlapping), and made with smooth lines. The size of a 

spectral peak is proportional to the amount of the substance that reaches the detector in the 

GC instrument. The amount of time that a compound is retained in the GC column is known 

as the retention time. The retention time can aid in differentiating between some compounds. 

After the gas sample flowed through the GC, it flows through the mass spectrometry.  
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MS identifies substances by electrically charging the specimen molecules, accelerating them 

through a magnetic field, breaking the molecules into charged fragments and detecting the 

different charges. A spectral plot displays the mass of each fragment.  From the molecular 

mass and the mass of the fragments, reference data is compared to determine the identity of 

the specimen. Each substance's mass spectrum is unique.  The GC instrument is effective in 

separating compounds into their various components. However, the GC instrument can not be 

used for reliable identification of specific substances.  The MS instrument provides specific 

results but produces uncertain qualitative results.  When an analyst uses the GC instrument to 

separate compounds and analysis with an MS instrument, a complementary relationship 

exists. Many scientists consider GC/MS analysis as a tool for conclusive proof of identity. 

[15] 

 

Sorbent/TENAX Tube 
 

Sorbent tubes are the most widely used collection media for sampling hazardous gases and 

vapours in air. Sorbent tubes consist normally of glass or metal and contain various types of 

solid adsorbent material (sorbents). Usually the used sorbents include activated charcoal, 

silica gel, and organic porous polymers such as Tenax (what we used) and Amberlite XAD 

resins.  

A sample is collected by connecting the tube to the system which the sample flows through. If 

the sample is in the tube it is captured on the surface of the sorbent. After that the tube is then 

re-sealed with closures and is sent to the laboratory. The sample is then analyzed by the lab 

and normally a single tube may provide enough volume to permit several analyses. [16] 

 

 

Catalyst preparation 
 

The catalyst should have the following formula: BaNiAl11O19.  

A solution of the nitrates of the Ni ions is prepared and the catalyst precursor is precipitated 

using a large amount of (NH4)2CO3. The precipitation took place in an open flask at 60 

degrees during 3 hours. The carbonate system guaranteed a constant pH value of 

approximately 7-8. The precipitation occurred immediately when the nitrates solution was 

poured in the carbonates solution and a pH value in the range 7–8 was measured. One could 

see coloured mother liquor obtained upon filtration, indicating that a non-quantitative 

precipitation of the transition metal ions occurred.  The formed precipitate dried then at 120°C 
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and was calcinated at 1200°C for 14h. The calcinated sample was milled to a fine powder 

before further treatment. 

After this step, 10% of the resulting BaNiAl11O19 was mixed with 90% Disperal and 

deionized water. Disperal (Sasol) is a binder, also consisting of Böhmite, and served to bind 

together the hexaaluminate powder. The water ensured that there was a homogeneous mixture 

between the catalyst and the Disperal. After stirrin, the mixture took up the strength of glue. 

Thus one could be sure that a homogenous mixture was obtained. Afterwards the mixture put 

back into the oven to completely dryness. Once again the catalyst was put back into the oven 

for calcinations. The calcination made the catalyst harder and more stable against the heat. 

[17]  

  

Reactor 
 

In Figure 3 one can see a simple draft of the construction. The Construction consists of a Flow 

pump, Syringe pump, Oven, GCFID, GCTCD and the reactor. The Flow pump was used to 

pump the Steam into the system. The tube which linked flow pump and reactor has to be heat 

up until 250°C because the boiling point from the 1-Methylnaphthalene is approximately 

240°C. Otherwise there is a possibility that it could condense into the tube. A heating tape 

was used to heat it up. A Syringe pump was utilized to inject the 1-Methylnaphthalene to a 

desired flow rate. It was used 1-Methylnaphthalene to simulate the tar. This material was used 

because it is very difficult to crack and it is one of Quaternary products as find out in Figure 

2. It could thus be assured that if 1-Methylnaphthalene was cracked, most of the other 

materials are also cracked. After that the gas mix reaches the Reactor which is surrounded by 

an iron mantle and that in turn is surrounded by the oven. The Reactor itself consists of 

Quartz glass and was filled with the Catalyst and α-alumina. α-alumina is a non-porous 

material with low surface area and low acidity. It is also a refractory oxide with high melting 

point. It was used to decrease the void volume. Furthermore one need a catalytically inactive 

material α-Alumina had these properties. It is also used as a support for catalysts due to its 

good properties. Afterwards the gas mix was pumped into a gas sampling loop of the GCFID. 

The sampling loop of the GCFID can collect sample for sample for a specific time. 

The tube which linked the reactor and the GCFID was heated up with a heating tape for 

250°C because otherwise sample gas might condense in the tube before the GCFID can 

collect the sample. Consequently the GCFID would not detect the 1-Methylnaphthalene. After 

the GCFID had collected its samples, the GCTCD could take his samples to the gas. As for 
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the first GC one can also control the desired sample time. To collect the individual samples 

for the GCMS was a bit more difficult.  

A special sampling method called TENAX-tubes were used for gas sampling where a 70°C  

sample gas of a certain volume was passed through an adsorbent tube. These samples were 

analyzed at IKEA Testlab in Älmhult. 

 

Figure 8: Simple draft of the reactor 

 

4 Practical Part 
 

At first the syringe pump has to be calibrated before one could use it. After this the catalyst 

was prepared. The procedure is described in chapter “Catalyst Preparation”. For the catalyst a 

grain size of 0.7-1mm diameter and for the α-alumina a grain size of 1-2mm, was selected. To 

obtain these exact sizes, the materials were sieved. After sieving, the catalyst was filled into 

the reactor, until it was about one-third full. Then the remaining space filled with the α-

alumina. The end of the reactor tube was sealed with quartz wool, so that the catalyst and the 

α-alumina could not escape from the reactor. Quartz wool was used as the reactor was also 

made of quartz and it was so safe that it can resist the temperatures. After the reactor was 

completely prepared, it was placed in the steel mantle. It was important to ensure a tightly 
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sealing of the reactor, otherwise the gas which was fed to the system, could escape out of the 

system.  

The gas flow was measured at different points in the system, with the help of a flow meter to 

ensure that no major leaks were present in the system. 

When the system has been checked and met all the expectations, the first measurements were 

made.  

 

 

5 Results and Discussion 
 

Determination of the degradation products 

The next step would be to check now, what exactly are the degradation products. This is 

possible through the TENAX tubes, which were examined in test lab in Älmhult. The 

following results have been delivered: 

 

Figure 5: TENAX-Tube Diagram (The exact dates can be found in the Attachment). 
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The five largest peaks (the names have the same color as the marked areas in the diagram):  

 
Naphthalene    MethylNaphthalene 

(21.167, 21.858, 22.627)                      (22.814, 25.176, 25.663)
   

    

 

Styrene    Toluene 

(12.344, 13.344, 13.470)  (8.511, 10,571)    
 

    
 
 

 
 

 
Benzene  

(5.886, 5.995, 6.051, 6.169, 9.141)       
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The considerations that have been done at the beginning were confirmed by the analysis. Of 

course, there are a lot of other degradation products, but the most important are the above 

mentioned five. Thus the following reaction pathways could be possible. Since only the first 

step has been investigated, methylnaphthalene to naphthalene, the subsequent steps are 

assumptions based on the analysis results  

1. First Reaction path      

  

(1-Methylnaphthalene  Naphthalene  Styrene  Benzene + smaller hydrocarbons) 

The next Reaction path could be possible as well. 

2. Second Reaction path  
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(1-Methylnaphthalene  Naphthalene  Styrene  Toluene  Benzene + smaller 

hydrocarbons) 

 

Evaluation of the Diagrams 
 

This is a chromatogram (GCFID) from Ni-1 tested at 600°C with 10 µl Me-naphthalene/min 

 

 

 

 

The numbers above each white dot indicate measured substances. The greater the peak is, the 

greater the proportion of the substance in the gas sample. The number above the peak 

indicates the exact retention time. One can be sure that the value at 13,794 is the 1-

Methylnaphthalene and the value at 11,478 is naphthalene.  

The rest are degradation products of 1-Methylnaphthalene. As you can see here, the peak of 

the 1-Methylnaphthalene is very pronounced. The other peaks are not or hardly recognizable, 

except for the Naphthalene. peak 

It can be concluded that the catalyst is inactive for 600 degrees or the cracking of 1-

Methylnaphthalene is not working. Therefore, the 1-Methylnaphthalene is so large and the 

other peaks were very low. 
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This is a chromatogram (GCFID) from Ni-1 tested at 900°C with 10 µl Me-naphthalene/min 

 

 

At 900 degrees it looks quite different. The 1-Methylnaphthalene peak has disappeared in the 

baseline. The naphthalene peak is much higher. The other peaks are increased, especially at 

the beginning of the retention time. One can also clearly see that more degradation products 

are formed. 

Thus, one can clearly say that the 1-Methylnaphthalene was successfully cracked. There lies a 

fact that the temperature was raised and has used in the thermal cracking. We have heard in 

the introduction that you need for that temperature of approximately 900-1300 degrees.  

Thus the thermal cracking would have just begun, but almost all 1-Methylnaphthalene was 

removed. So you can be sure that the catalyst is activated and has accelerated it. 

In the next part you can now see the individual distributions of the retention times (= 

degradation products) at the different temperatures. The exact values for each chart can be 

found in the attachment. The x-axis can be seen from the value for the peak, the y-axis the 

number of samples 
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At 600 degrees in the diagram is only the 1-Methylnaphthalene applied, since the other 

substances had irregular or no value. It can be seen that the values stabilize at a value of about 

1600. The first and the fourth value jump out of line. 

 

 

 

At 700 degrees comes another value. This is the naphthalene. Here one can already see that 

the 1-Methylnaphthalene is degraded. Although there are only low concentrations, yet it is the 

proof that the 1-Methylnaphthalene was cracked. The 1-Methylnaphthalene settles about one 

in 1400 and has thus fallen by 200 points. The last value differs greatly from the others yet. 

The Naphthalene remains approximately constant at the value 200.  
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At 800 
o
C one can see 2 new degradation products. These have a retention time of 2.4 

("green") and 3.4 ("yellow"). The "green" degradation product fluctuates around the value 

400, while sample 13 and 16 are outliers. The "yellow" degradation product fluctuates around 

the value 200, whereas here the first samples are about 300, the values in the middle are 

around 200 and the last samples about 100. Naphthalene has a scattering. The values range is 

from 200 to 1400. The first minutes of a run are not representiv because it has to be 

stabilizing. But one can recognize a continuous gradient starting at sample 8. Then it seems 

that the values stabilize around 1100. One can also see a scatter for 1-Methylnapththalene. 

The values range from 650 to 1700. It has the same problem as naphthalene that is has a quiet 

long instationary phase in the beginning. One could imagine, except for sample 13 that is 1-

Methylnaphthalene perhaps settles to the value of 1000. Finally, it should be mentioned that 

probe 12 was removed from the diagram, as in this sample something went wrong and one got 

weird values. 
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 The 1-Methylnaphthalene values from the diagrams were adapted with the program 

"scidavis". With this program you can calculate the standard deviation and the Margin of 

Error. 

 

 

Temperture C Mean Value Stdev Margin of Error Conversion 

 600 1547 59 54 ~1% 

700 1380 172 159 11% 

800 962 108 77 30% 

900 ~10 ~1 ~1 ~99% 

 

            

     
            

 

Figure 8: Diagram of the conversions 

This chart confirmed the assumption that the higher the temperature the larger the reduction 

of 1-Methylnapththalene. That seems to run exponentially. 
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Calculation of activation energy 

Using the data which was collected, one can calculate the activation energy. That is the 

energy which is necessary to change 1-Methylnaphthalene to naphthalene. The procedure is as 

follows: 

 

At first one has to decide what type of reaction is present. The Reaction is a decay reaction 

and normally that is a first order reaction (A  B + C). 

The reaction is assumed to be a  first order reaction irreversible reaction (1). 

(1)   ra= -k *ca = -ka*ca0 (1-x) 

The reactor model used is the plug flow reactor with differential mass balance (2) 

(2)   F0 + ra * dV = F0 + F0dx 

Inserting (1) in (2)  

(3)   F0dx = radV  F0dx = -k * ca (1-x)dV 

The differential equation have separable variables giving (4)  

(4)   dx/(1-x) =-k*ca/F0dV  

Then the two integrals (4) can be solved giving the expression (5)  

(5)    ∫
  

     

 

 
 =    ∫

  

  

 

 
    

 (6)   ln(1-x) = -ka 

   

  
  = ka  * 

 

 
  

(V: Volume catalyst, G: Volume which flow through Catalyst bed) 

By the use of eq. (5) the rate constant at each temperature could be calculated. 

The rate constant k have an exponential dependence on the temperature  

k=a0*e^ (-Ea/(RT))   
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By plotting the natural logarithm ln of the rate constant versus the invers of the absolute 

temperature 1/T for the rate constant at different temperatures, the activation energy can be 

determined by the slope of the line  

(7)  ln(k) = ln(a0) + Ea/(RT)  

 

Temperture [K] 1/Temperture [1/K] Formula  X (1-conversion) Result  

     873,15 1,15*10^-3 ln(1-x) 0,99 -4,61 

973,15 1,03*10^-3 ln(1-x) 0,89 -2,15 

1073,15 9,32*10^-4 ln(1-x) 0,7 -0,73 

1173,15 8,52*10^-4 ln(1-x) 0,01 1,53 

 

 

 

 

Figure 9: Arrheniusplot (R= 8.314*10^-3 kJ/(mol K)) 
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From the slope of the plot, the activation energy is given Ea= -165.3 kJ/mol. The frequency 

factor is determined from the intercept to 8.1*10^7 min
-1

 

The activation energy is the energy needed to take the molecule over the energy threshold for 

the reaction (figure 10). When the molecule passes the threshold it will stop at a new energy 

level. The difference between the old and the new energy level are released (exothermal 

reaction) or taken up (endothermic reaction) as in this case.   

 

 

Figure 10: The activation energy. 

 

 
 

6. Conclusion 

The objective of this work was accomplished. The 1-Methylnaphthalene was completely 

successful cracked with the help of the catalyst already at 900 degrees. But only for one flow 

rate. The reactions paths, which were established in the reaction part, were confirmed by the 

test results of the TENAX tubes from the test lab in Älmhult. The main degradation products 

from the gasification were identified. Also the activation energy which is necessary to crack 

1-Methylnaphthalene to Naphthalene could be calculated.  
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V 

 

8 Attachement 

Risk Assessment 

Chemicals, Mixtures and solutions being used 
Chemical/Solution/Mixture CAS-nr Amount Dangerousness - classification Special precautions

Ba-Ni-Hexaaluminate n.e. 10g NR Don't inhale the dust

Methylnaphtalene 90-12-0 small Acute toxicity wear protective clothing 

Skin irritation in case of contact with eyes use

Eye irritation immediately water to clean and 

Skin sensitisation contact advisor or medical 

Specific Target Organ Toxicity service

Try do avoid breathing the gas

Substances being formed in the process
Chemical/Solution/Mixture CAS-nr Amount Dangerousness - classification Special precautions

CO2 124-38-9 very small under pressure use only with ventilation

CO 630-08-0 verry small Flammable gas, under pressure use only with  ventilation

Specific Target Organ Toxicity

N2 7727-37-9 very small under pressure use only with  ventilation

Cracking Gases very small NR use only with  ventilation

Identification of tasks that may cause risk of accidents or illness
Task/Activity Risk/problem Consequence Probability Estimated Risk Steps for Reducing or Confining  Risks

Preparing Catalyst Dust Don't inhale dust Medium high acceptable risk Use protective clothing, work under 

exhaust hood

Phrases:

Phrase: Insignificant risk X-axis: Probability

Equipment Very Low risk Y-axis: Consequence/Severeness

Identification of tasks that may cause risk of accidents or illness Low risk

Task/Activity Risk/problem Consequence Probability Estimated Risk Steps for Reducing or Confining  Risks Elevated risk

Gas tubes flammable gas explosion/fire vey low very low Check sometimes tubes Medium-High risk

Oven Burning himself burn low low avoid working too close High risk

Heating Materials Burning himself burn medium medium avoid working too close Very High risk

Extremely High risk

Unacceptably High risk



  
 

 

VI 

Working Station 

                       

GCFID (top) and GCTCD (bottom)  Steam generation and Steam controlling 

                   

 Syringe Pump   Oven 

      

  



  
 

 

VII 

               

Flow Regulator for the System (bottom)                    Injection needle for 1-Methylnaphthalene 

Pump for the tube of the GCFID (top)   

 

 

Complete System 

 

 

 



  
 

 

VIII 

Values of the Temperature-Diagrams: 

 
 
Ni-1     

10 ul/min     

     

     

T [°C] MeNaph Naph 

600 12,73 1116     

  12,75 1558     

  12,75 1604 10,71 68 

  12,81 1804 13,74 222 

  12,81 1620 10,37 50 

  12,82 1620     

  12,84 1510     

  12,84 1578     

  12,84 1524     

  12,84 1472     

  12,82 1508     

 

 

T [°C] MeNaph Naph Product 1 

700 12,84 1611 10,81 161     

  12,84 1610 10,78 142     

  12,84 1408 10,72 111 2,37 34 

  12,84 1400 10,77 118     

  12,86 1325 10,77 142     

  12,87 1379 10,76 208     

  12,88 1152 10,75 235 2,44 38 

  12,88 1284 10,76 264 2,4 46 

  12,89 1715 10,75 265     

 

 

 

 

 

 

 



  
 

 

IX 

 

 

T [°C] MeNaph Naph Product 1 Product 2 Product 3 Product 4 

800 12,94 905 10,8 198 3,37 312 2,42 354         

  12,92 661 10,79 282 3,37 280 2,4 353         

  12,93 1372 10,78 346 3,37 318 2,42 321         

  12,93 1334 10,8 439 3,37 292 2,4 388         

  12,93 1630 10,79 445 3,38 220 2,41 381         

  12,93 1343 10,79 530 3,37 227 2,4 348         

  12,94 1071 10,82 917 3,38 271 2,4 426         

  12,93 904 10,79 616 3,39 152 2,4 326         

  12,94 1147 10,8 794 3,38 228 2,41 419 13,93 100     

  12,93 1007 10,8 804 3,39 151 2,4 420         

  12,93 968 10,8 814 3,38 231 2,41 456         

  12,96   10,83   3,39   2,4   4,45   6,05   

  12,94 1689 10,81 1132 3,37 226 2,4 606 4,45 717     

  12,95 1034 10,82 1238 3,39 173 2,41 449 4,4 76     

  12,96 997 10,83 1376 3,39 154 2,41 428 4,41 47     

  12,96 821 10,83 980 3,39 145 2,4 596 4,48 58     

  12,96 800 10,82 926 3,38 149 2,4 418     6,1 62 

  12,96 904 10,83 1185 3,39 124 2,4 370         

  12,95 1010 10,82 1105 3,37 111 2,4 416     6,08 25 



  
 

 

X 

Values of the TENAX-Result: 

1   5.886  0.05 C:\DATABASE\ITL_VOC_LIB.L 

                 Benzene                                41 000071-43-2 95 

  2   5.995  3.87 C:\DATABASE\ITL_VOC_LIB.L 

                 Benzene                                41 000071-43-2 91 

  3   6.051  4.15 C:\DATABASE\ITL_VOC_LIB.L 

                 Benzene                                41 000071-43-2 91 

  4   6.169  0.02 C:\DATABASE\NIST05a.L 

                 Benzene                               998 000071-43-2 93 

                 Benzene                              1000 000071-43-2 70 

                 Benzene                              1001 000071-43-2 70 

  5   8.511  5.79 C:\DATABASE\NIST05a.L 

                 Toluene                              2400 000108-88-3 95 

                 Toluene                              2398 000108-88-3 91 

                 Toluene                              2397 000108-88-3 91 

  6   9.141  0.14 C:\DATABASE\ITL_VOC_LIB.L 

                 Benzene                                41 000071-43-2 95 

  7  10.571  0.09 C:\DATABASE\ITL_VOC_LIB.L 

                 Toluene                                14 000108-88-3 91 

  8  12.344  3.21 C:\DATABASE\ITL_VOC_LIB.L 

                 Styrene                                22 000100-42-5 96 

  9  13.344  0.06 C:\DATABASE\ITL_VOC_LIB.L 

                 Styrene                                22 000100-42-5 96 

 10  13.470  0.13 C:\DATABASE\ITL_VOC_LIB.L 

                 Styrene                                22 000100-42-5 96 

 11  17.459  0.41 C:\DATABASE\NIST05a.L 

                 Indene                               8167 000095-13-6 97 

                 Benzene, 1-propynyl-                 8173 000673-32-5 94 

                 Indene                               8169 000095-13-6 93 

 

 

 12  17.881  0.08 C:\DATABASE\NIST05a.L 

                 Indene                               8167 000095-13-6 97 

                 Benzene, 1-propynyl-                 8173 000673-32-5 95 

                 Benzene, 1-ethynyl-4-methyl-         8176 000766-

97290 

 13  21.167  0.08 C:\DATABASE\ITL_VOC_LIB.L 

                 Naphthalene                            57 000091-20-3 94 

 14  21.858  0.03 C:\DATABASE\ITL_VOC_LIB.L 

                 Naphthalene                            57 000091-20-3 95 

 15  22.627 71.04 C:\DATABASE\NIST05a.L 

                 Azulene                             11572 000275-51-4 89 

                 Azulene                             11574 000275-51-4 76 

                 1H-Indene, 1-methylene-             11580 002471-84-

374 

 16  22.814  0.97 C:\DATABASE\NIST05a.L 

                 2-Benzothiophene                    14779 000270-82-6 97 

                 Benzo[b]thiophene                   14776 000095-15-8 95 

                 Benzo[b]thiophene                   14777 000095-15-8 94 

 17  25.176  0.89 C:\DATABASE\NIST05a.L 

                 Naphthalene, 1-methyl-              18566 000090-12-0 

96 

                 Naphthalene, 2-methyl-              18568 000091-57-6 

96 

                 Naphthalene, 1-methyl-              18564 000090-12-0 

94 

 18  25.663  7.46 C:\DATABASE\NIST05a.L 

                 Naphthalene, 1-methyl-              18566 000090-12-0 

96 

                 Naphthalene, 2-methyl-              18568 000091-57-6 

96 

                 Naphthalene, 1-methyl-              18564 000090-12-0 

94 

 19  26.995  0.26 C:\DATABASE\NIST05a.L 

                 Biphenyl                            25988 000092-52-4 93 

                 Biphenyl                            25992 000092-52-4 91 



  
 

 

XI 

                 Biphenyl                            25990 000092-52-4 87 

 

 20  28.048  0.05 C:\DATABASE\NIST05a.L 

                 Naphthalene, 2-ethenyl-             25997 000827-54-3 
96 

                 Biphenyl                            25988 000092-52-4 87 

                 Acenaphthene                        25996 000083-32-9 81 

 21  28.488  0.25 C:\DATABASE\NIST05a.L 

                 Biphenylene                         24424 000259-79-0 94 

                 Biphenylene                         24421 000259-79-0 91 

                 Acenaphthylene                      24426 000208-96-8 87 

 22  28.987  0.03 C:\DATABASE\NIST05a.L 

                 1,1'-Biphenyl, 4-methyl-            35117 000644-08-6 

95 

                 1,1'-Biphenyl, 4-methyl-            35110 000644-08-6 

95 

                 1,1'-Biphenyl, 3-methyl-            35114 000643-93-6 

91 

 23  29.439  0.03 C:\DATABASE\NIST05a.L 

                 1-Naphthalenecarboxaldehyde 27274 000066-77-3 98 

                 1-Naphthalenecarboxaldehyde 27275 000066-77-3 95 

                 1-Naphthalenecarboxaldehyde 27269 000066-77-3 95 

 24  29.659  0.12 C:\DATABASE\NIST05a.L 

                 Dibenzofuran                        35097 000132-64-9 91 

                 Dibenzofuran                        35096 000132-64-9 87 

                 9H-Pyrido[3,4-b]indole              34924 000244-63-3 

59 

 25  30.753  0.03 C:\DATABASE\NIST05a.L 

                 Fluorene                            33580 000086-73-7 97 

                 Fluorene                            33581 000086-73-7 94 

                 Fluorene                            33582 000086-73-7 93 

 26  33.637  0.34 C:\DATABASE\NIST05a.L 

                 Anthracene                          41762 000120-12-7 95 

                 Anthracene                          41759 000120-12-7 94 

                 Phenanthrene                        41763 000085-01-8 93 

 

 

 27  33.774  0.03 C:\DATABASE\NIST05a.L 

                 Anthracene                          41759 000120-12-7 95 

                 Anthracene                          41762 000120-12-7 93 

                 Phenanthrene                        41763 000085-01-8 93 

 28  34.452  0.05 C:\DATABASE\NIST05a.L 

                 Naphthalene, 1-phenyl-              60119 000605-02-7 

90 

                 Naphthalene, 1-phenyl-              60113 000605-02-7 

90 

                 Indeno[2,1-a]indene, 5,10-dihydro-  60127 006543-

29-9 89 

 29  35.855  0.23 C:\DATABASE\NIST05a.L 

                 2-Phenylnaphthalene                 60107 035465-71-5 96 

                 Naphthalene, 2-phenyl-              60117 000612-94-2 

94 

                 5,16[1',2']:8,13[1'',2'']-Dibenzen 173157 005672-97-9 

91 

                 odibenzo[a,g]cyclododecene, 6,7,14 

                 ,15-tetrahydro- 

 30  36.973  0.11 C:\DATABASE\NIST05a.L 

                 Fluoranthene                        58556 000206-44-0 96 

                 Pyrene                              58551 000129-00-0 95 

                 Fluoranthene                        58557 000206-44-0 9 
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