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Abstract 
Pyrolysis is the process of molecular decomposition in an inert environment using heat. It is 

possible to fragment large molecules, such as polymers, by pyrolysis and separate the 

fragments directly in a GC. This makes it possible to form complex sample fingerprints that 

can be used in various applications, for example in forensic science. 

 

In this project, a malfunctioning Pyrola 85 pyrolysis unit was fixed by measuring the voltage 

signals from the photo diode during pyrolysis in a Labview program. With the Labview 

program, a partly manual filament temperature calibration procedure was developed, as 

replacement for the non-working automatic calibration procedure. The functioning pyrolysis 

unit was then installed on a GC/MS in the National University of Science, Ho Chi Minh City, 

Vietnam. Plant samples were analysed with the Pyrolysis-GC/MS system as a test of the 

system, resulting in pyrograms with a few identifiable peaks. However, both pyrolysis and 

GC/MS settings needs further investigation to optimize the analysis.   

 

In Sweden, a Labview controlled Pyrolysis unit was constructed to investigate the possibility 

of improving certain functions of the original control unit. A proposed Labview program and 

circuit boards were constructed and partially evaluated. The accuracy and precision of the 

pulses from the Labview program was tested and the pulses obtained were probably accurate 

enough to be used in the instrument.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations 
GC, Gas Chromatography; MS, Mass Spectrometry; NaOH, Sodium hydroxide; HCl, 

Hydrochloric acid; DAQ, Data Acquisition; FID, Flame ionisation detector 
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1. Introduction 

 
Pyrolysis is the breaking of molecular bonds using heat in an inert environment. This has been 

used in several instruments which are directly coupled to a GC for analysis.
1
 

 

There are several useful features with the pyrolysis technique; it makes it possible to analyse 

complex solid samples that are difficult to analyse with other techniques and it is possible to 

couple pyrolysis to other analytical instruments such as gas chromatography mass 

spectrometry (GC/MS) or gas chromatography flame ionisation detector (GC/FID).
1,6

 The use 

of coupling pyrolysis to gas chromatography has the great experimental advantage that no 

derivatization step is normally needed, since the products of the pyrolysis are suitable for 

direct injection into the GC.
1
 

 

The University of Science in Ho Chi Minh City, Vietnam are doing research about traditional 

Vietnamese medicine, which usually consists of different parts of plants likes roots, leaves, 

bark etc. A common problem is that it is difficult to know the purity and quality of the 

medicine or even if the medicine contain the desired plant. One way to address this problem is 

to use pyrolysis-GC/MS to create a fingerprint pattern of known samples of medicine and 

then compare it to unknown to test the quality of the medicine, e.g. Wang et. al
3
. 

 

1.1. Aim of the project 

 
This project was divided into two parts. The aim of the first part was to fix malfunctioning 

Pyrola 85 pyrolysis equipment and install it on a GC/MS system in the University of Science, 

Ho Chi Minh City, Vietnam and try to analyse plants used in traditional Vietnamese 

medicine.  

 

The second part of the project aims to investigate the possibility to construct a home-build 

pyrolysis control unit with some improved functions compared to the original Pyrola 85 

system.  
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2. Theoretical background 
 

2.1. Pyrolysis 

 

Pyrolysis is a technique that uses heat to break the molecular bonds in a molecule and the 

fragments can then be analysed with for example GC/MS or GC/FID. It is a useful technique 

to analyse complex samples, such as polymers, that are difficult to analyse with other 

techniques.
1,5

 

  

There are three common types of pyrolysers, furnace pyrolysers, resistively heated filament 

pyrolysers and inductively heated filaments (Curie-Point) pyrolysers.
1
 The focus in this report 

will be on resistively heated filament pyrolysers since the instruments used in the project are 

of that type. The idea with a resistively heated pyrolyser is that a high current is applied on a 

filament, upon which the sample is placed, leading to a rapid heating of the sample. The 

heating of the sample often takes place very rapidly and to obtain an evenly distributed 

heating in the sample, a rather small sample volume is required. The filament (and the 

sample) is kept in a heated and inert environment and the pyrolysis products can be 

transferred directly to a connected analysis instrument such as GC/MS.
1
 The technique when 

the sample is heated very rapidly is sometimes referred to as flash pyrolysis.
7
 

 

A more detailed description of the commercial instrument Pyrola-85 is given below.   

 

2.2. Pyrola-85  

 

Pyrola-85 is a pyrolysis unit further developed from the pyrolysis system described by Tydén-

Ericsson
4
. The Pyrola-85 unit contains two major parts, the pyrolysis chamber and the control 

unit. Figure 1 shows a simplified picture of the pyrolysis chamber with its major parts. Pyrola-

85 is a resistively heated filament pyrolyser and the filament is made from platinum (Pt-

filament). The filament is heated by two pulses, the first pulse is a short high current pulse 

(with a duration of 0-100 ms) to heat the filament rapidly and a longer lower current pulse 

(with a duration of 0-60 s) to maintain the pyrolysis temperature. The Pt-filament is 

surrounded by a glass cell with the purpose to condense non-volatile pyrolysis products and to 

make it possible to measure the light emitted from the filament during pyrolysis. This light is 

measured by a photodiode and is essential for the calibration of the pyrolysis temperature. An 

optical cable transfers the light to the photodiode in the control unit. There is an inlet for the 

carrier gas, which is an inert gas such as N2 or He. The carrier gas will create an inert 

environment around the filament and transports the pyrolysis products from the glass cell to 

the GC through a heated transfer line to avoid condensation.  

 

The main functions of the control unit is to control the temperature of the pyrolysis chamber, 

send the two short pulses that heats the filament, measure light with the photodiode for 

calibration and gather data from the pyrolysis. From the control unit the chamber temperature 

can be chosen and the actual chamber temperature can be read, the length and current of the 

pulses can be set and the pyrolysis temperature can be calibrated. 

 

The pyrolysis temperature needs to be calibrated since it will change due to the filament used 

and the operating condition. The light produced during the pyrolysis corresponds to the 
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pyrolysis temperature and can be measured by a photodiode, but the photodiode can only 

measure the temperature correctly at high temperatures (above 900 °C). However the 

resistance of the filament is measured correctly at any temperature. Therefore the idea with 

the calibration is to calibrate the resistance of the filament with the photodiode, by measuring 

the pyrolysis temperature with the diode at two temperatures between 900 and 1000 °C. When 

this is done the obtained diode temperatures are related to the measured filament resistance 

and after the calibration the control unit can, from the measured filament resistance, calculate 

the correct pyrolysis temperature at any temperature. 

 

 
Figure 1. Simplified picture of a pyrolysis chamber used on a Pyrola 85. 

 

2.3. GC/MS 

 

The combination of gas chromatography for separation and mass spectrometry for detection 

of compounds is a common hyphenated technique used for analysis of complex chemical 

samples.
9
 

 

A gas chromatograph consists of a heated injector, a column kept in an oven and a detector. A 

sample is inserted into the injector where the heat keeps the sample volatile. A carrier gas then 

sweeps the compounds into the column in which they are separated, followed by detection. 

The oven controls the elution rate of the compounds. The compounds with lowest boiling 

point elutes first, if the column is non-polar. A mass spectrometer can be used as a detector, 

which then provides structural information making it possible to identify the compounds in 

the sample.
8
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The mass spectrometer usually has an electron ionisation (EI) source that fragments the 

molecule and creates a mass spectrum with a specific pattern that can be checked against a 

spectra library.  

2.4. Labview 

 

Labview is a software used for creating computer programs that can control instrumental 

processes by sending and receiving signals and acquiring data. What makes Labview different 

from many other computer programming languages is that Labview is graphic-based instead 

of text-based.
2
 A Labview program has two major parts, a block panel, where the program 

code is created, and a front panel, where the program is run and controlled. The program is 

created by adding graphical icons with specific functions and connecting the different parts 

correctly to enable a flow of the data. In the front panel, information can be entered to 

perform the program and results of the program can be read from displays, graphs or tables.
2
 

A useful feature of Labview is that a program created in Labview can be converted to an 

executable file (.exe file) so that the program can be run on any computer without the need of 

installed Labview software.  

 

To be able to communicate between the computer and the instrument, a data acquisition 

(DAQ) device is needed. The device has a number of pins for input and output signals. The 

input signals are signals from the instrument that are transferred to the computer and can be 

displayed on the front panel in the program. The output signals are signals from the Labview 

program that are transferred to the instrument to carry out specific functions. When a DAQ 

device is used, a common feature that can be used to control the device is a so called DAQ 

Assistant. With the DAQ Assistant input and output signals can be chosen, acquisition mode 

can be set and signals can be converted from analog to digital and the opposite, among other 

things.
2 
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3. Methods 
 

3.1. Installation of Pyrola 85 unit 

 

3.1.1 Development of manual calibration procedure 

 

When the Pyrola-85 system was tested it was found that one step in the filament temperature 

calibration was not working, the signal of the measured voltage from the photodiode (light 

during pyrolysis) was lost somewhere between the photodiode and the display. Because of 

this the temperature from the diode could not be calculated automatically in the control unit. 

Therefore this part of the calibration had to be performed manually. The voltage signal was 

taken directly from the photodiode after amplification and the voltage was measured with a 

program made in Labview. The front panel of this program is shown in figure 2 (more 

information about the Labview program is given in the Labview section). 

 

 
Figure 2. Front panel of Labview program made to measure the voltage signal from the 

photodiode used for calibration of the pyrolysis temperature.  

 

A procedure for doing the manual calibration was developed in the following way: To be able 

to correlate a voltage value into a temperature value, a calibration curve had to be constructed 

with temperature (Tc) vs. resistance (R0). A way to obtain a relationship between the filament 

temperature and the resistance was to heat the chamber to different temperatures and read the 

resistance, since the filament will have the same temperature as the chamber when no pulses 

are added. The resistance was obtained for six different oven temperatures, 50-175 °C (the 

chamber temperature was stabilised for 10 min before the resistance was read), and a linear 

relationship was found (see figure 3). Then pyrolysis was run several times (with no sample) 

with changing current of the second pulse, to both measure the diode voltage with the 

Labview program and to read the resistance. For each resistance the corresponding 
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temperature was calculated with the equation for the line in the calibration curve by 

extrapolation (resulting in calibration curve 2 in figure 4).  

 

Figure 3. Measurement of the resistance at six different chamber temperatures to obtain a 

calibration curve between the temperature and the resistance. 

 

Figure 4. Extrapolated calibration curve of temperature vs. resistance when pyrolysis was run  

with changing current of the second pulse. The temperatures of the new points were 

calculated by using the equation for the line. 

 

Now the filament temperature could be obtained at any resistance value, but this curve would 

not be valid if another filament is used. So, to have a calibration procedure that could be used 

with any filament the diode voltage had to be used. 

 

Therefore a new calibration curve (calibration curve 3, see figure 5) was made with the 

calculated temperature plotted against the measured voltage (Vdiode). The curve shows the fact 
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y = 15,899x + 853,92 
R² = 0,9954 

900

950

1000

1050

4 5 6 7 8 9 10 11 12

F
il
a

m
e

n
t 

te
m

p
e

ra
tu

re
 (

°C
) 

Diode Voltage (V) 

Calibration curve 4 
Filament temperature vs Diode voltage (Valid region) 

that the diode voltage is only linear (accurate) at temperatures above 900 °C. Therefore only 

the region above 900 °C was used (calibration curve 4 in figure 6). The equation in calibration 

curve 4 can then be used to calculate the corresponding temperature for every measured 

voltage in the valid region. The calibration of the system is performed with these temperatures 

leading to correctly determined pyrolysis temperatures.  

 

The instrument should be calibrated when the filament is changed, when another carrier gas, 

flow rate or chamber temperature is used or if the resistance of the filament has changed 

significantly since the last calibration. 

Figure 5. Calibration curve of the calculated filament temperature vs. the measured diode 

voltage. Showing the linear relationship between the temperature and voltage above 900 °C. 

 

Figure 6. Calibration curve showing only the valid region of the curve in figure 5 that can be 

used to calculate a filament temperature for any measured diode voltage, which is used when 

calibrating the instrument. 
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3.1.2. Manual calibration procedure 

 

The calibration was performed by first measuring the diode voltage and reading the resistance 

values at two calibration points (with valid voltage values according to calibration curve 4), 

then the equation in the calibration curve in figure 6 was used to calculate the temperature. 

The temperature and resistance values for the two calibration points were entered in the 

Calibration menu on the Pyrola-85 control unit. When a new pyrolysis was run (during the 

same conditions) the correct pyrolysis temperature was given at any temperature.  

 

3.1.3. Labview program for diode voltage measurement 

 

The Labview program used was Labview 10 (National Instruments, Texas, USA) and in this 

project a NI USB-6008 device (National Instruments, Texas, USA) was used (see figure 7). 

 

 
Figure 7. The Labview data acquisition device, NI USB-6008, used to connect the computer 

and the instrument. Input signals from the instrument are transferred to the Labview program 

through the device and output signals from the program are transferred to the instrument. 

 

In the first Labview program (out of two constructed in this project) the main purpose was to 

have the voltage measured by the photodiode as an input signal and displayed as a graph on 

the front panel. This program will mainly be used in the calibration step described below. The 

front panel is shown in figure 8 and the block diagram is shown in figure 9. The idea with the 

program is that the START button in the front panel should be pressed immediately after the 

pyrolysis is started and then the DAQ Assistant will acquire an analog voltage signal from the 

pyrolysis control unit during the entire pyrolysis (normal duration: a couple of seconds), 

convert it to a digital signal that can be send to the Labview program and displayed on the 

graph (and also in a display). The data from the graph can be exported to Excel for further use 

(take the highest stable voltage value to make a calibration curve) and when no more 

measurement should be done the program is ended by pressing the STOP Program button. 
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Figure 8. Front panel for the first Labview program used to read the voltage signal during 

pyrolysis measured by the photodiode in the Pyrola-85 control unit.   



 13 

 
Figure 9. Block panel for the first Labview program used to read the voltage signal during 

pyrolysis measured by the photodiode in the Pyrola85 control unit. 

 

3.1.4. Installation procedure 

 

The pyrolysis chamber can be placed directly onto the GC injector as can be seen in figure 10. 

The flow rate of the carrier gas is controlled via the gas regulator system in the GC, the carrier 

gas is then redirected to pass through the pyrolysis chamber before entering the GC.  

 

 
Figure 10. Overview of a Pyrolysis-GC/MS system. 
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3.1.5. Samples for testing the pyrolysis system 

 

The installed pyrolysis-GC/MS system in Vietnam was intended to be used for analysis of 

traditional Vietnamese medicine, therefore, three plant samples were chosen for testing of the 

pyrolysis system. Due to limited time in Vietnam two of the plant samples were tested on the 

installed Pyrola 85 and all three were analysed in Sweden by Lorenz Gerber, Department of 

Plant Physiology, Umeå Plant Science Center, Umeå University, for comparison. 

 

The first sample analysed in both Vietnam and Sweden was the wood from a plant with the 

Vietnamese name “Can Sen” and the other sample was the root from a plant called “Bon 

Bon”. The third sample, which was only analysed in Sweden, was wood from the plant Taxus 

wallichiana zucc. 

 

For the pyrolysis GC/MS analysis approximately 0.5 mg of fine grounded sample was placed 

on the filament in the Pyrola 85 (Pyrol AB, Lund, Sweden) pyrolysis chamber. For the 

pyrolysis the chamber temperature was 175 
◦
C, the first pulse had a current of 36 A and a 

length of 8 ms followed by a 2000 ms second pulse with a current of 6.5 A for Bon Bon 

sample 1 and 4.5 A for the other samples. Before the pyrolysis was run the calibration of the 

system was performed as described previously. The calibration gave the following pyrolysis 

temperatures for the samples: 680 
◦
C for Bon Bon sample 1 and 430 

◦
C for the other samples. 

 

The volatile products of the pyrolysis were injected in split mode into an Agilent 6890A 

(Agilent, Atlanta, GA, USA) gas chromatograph. The used column was a 30 m x 250 μm x 

0.25 μm HP-5MS 5% Phenyl Methyl Silox. The temperature of the injector was 300 
◦
C  and 

the total flow rate was 24 ml/min with a septum flow rate of 3 ml/min. Gas saver was turned 

on after 2 min with a rate of 20 ml/min and the split ratio was 20:1 also with a rate of 20 

ml/min. Helium was used as carrier gas and its flow rate through the column was 1 ml/min. 

Temperature programming was used with an initial column temperature of 37 
◦
C for 5 min, 

then the temperature increased with 10 
◦
C/min up to 280

◦
C where it was held for 10 min (for 

Bon Bon sample 1 the ramp in the temperature programming was 5 
◦
C/min and the final 

temperature was 260 
◦
C and held for 15 min). The effluent from the column was then 

transferred to the ion source of Agilent 5975C VL MSD with triple axis detector (Agilent, 

Atlanta, GA, USA) via a transfer line. The temperature of the ion source was 230 
◦
C and an 

electron beam of 70 eV was used to generate the electrons. The used mass range was 40 to 

500 m/z and 2 scans per second were recorded. The detector voltage was 1500 V. The GC/MS 

software was used to identify some of the peaks. 

  
The pyrolysis-GC/MS system used for analysis of samples in Sweden was a Pyrola 2000 

(Pyrol AB, Lund, Sweden) coupled to an Agilent 7890 GC system.  

 

3.2. Construction of home-build control unit 

 

The control unit should be operated with a Labview program and be able to perform three 

tasks. It should produce two square wave pulses of high current to heat the filament, it should 

regulate the temperature of the chamber to keep the pyrolysis products volatile and it should 

be able to read the voltage from the photodiode to record the temperature of the pyrolysis. 
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3.2.1. Labview program for operation of home-build control unit 

 

The purpose with the second Labview program was to operate the main functions of the home 

build pyrolysis control unit. The second program contains the same function as the first 

program but with three additional functions. The first function is to send the two short pulses 

to heat the filament. The two remaining functions have to do with the control of the oven 

temperature, the wanted temperature of the chamber should be chosen and the actual 

temperature should be measured. Output signals are needed for the two pulses and for each 

the desired current in A and the time in ms for the two pulses can be set on the front and these 

digital signals are converted to analogue signals by DAQ Assistants and transfer the pulse 

information to the control unit and from there to the filament. The chamber temperature is set 

on the front panel and in a similar way as for the pulse information it is transferred to the 

chamber. The actual chamber temperature is measured by the control unit and converted to a 

digital signal and displayed on a display on the front panel. An additional feature of the 

program is that when the chamber is ready for pyrolysis, that is, when the actual temperature 

is within 2 °C from the set temperature, a lamp will be lit on the front panel indicating that the 

chamber is ready. Then pressing the button “Oven ready” will lit the lamp indicating pyrolysis 

ready and when the pulse information is entered the pyrolysis can start. This Labview 

program has another function that instead of using it for pyrolysis the program can generate a 

constant current. The front panel of this Labview program is shown in figure 11 and the block 

diagram in figure 12. 
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Figure 11. Front panel of the Labview program for controlling the pyrolysis unit.  
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Figure 12. Block diagram of the Labview program for controlling the pyrolysis unit. 

 

3.2.2. Construction of circuit boards 

Three separate circuit boards were constructed, each with specific functions (temperature 

control, current to voltage converter, filament heating). The design of the circuit boards was 

made in the software program ExpressPCB (version 7). The circuit designs were printed on 

transparent paper and placed on a fibreglass cupper board.  The copper boards were exposed 

to ultra violet (UV) light for 4.5 min. In the next step the circuit boards were developed with 

0.1 M NaOH (Akzo Nobel, Eka Chemicals, Sweden) for one min before the etching. The 

etching was done in a mixture of 37 % HCl (Normapur, VWR), 30% H2O2 (Normapur, VWR) 

and water (in proportions 1:1:3), leaving only the copper lines on the card. Acetone was used 

to wash the card after the etching. Components were then soldered onto the circuit boards. 

 

The board for controlling the temperature (figure 13) works the following way. The Pt-100 

temperature sensor inside the chamber is connected to the board where two operational 

amplifier changes the 0.38 mΩ/°C to 0.1 mV/°C. This output is then connected to a third 

operational amplifier that acts as a comparator. The real temperature value is compared with 

the set value from Labview, and if the set value is higher than the real value a positive value is 

obtained from the output from the comparator. This output is connected to a relay that will 

allow current to heat the oven when it is fed a positive signal. This system will then heat the 

oven when the temperature is lower than desired and stop heating when the temperature is too 

high. 
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Figure 13. Schematic drawing of the electronic circuit used for temperature control of the 

pyrolysis chamber. 

 

A vital part of the pyrolysis system is the measurement of the light from the filament during 

pyrolysis. This is done to be able to calibrate the resistance for temperature measurement. 

 

In the home built system a photo diode is connected to an operational amplifier using a large 

resistor as gain (see figure 14). This circuit is a called a current to voltage converter and it 

amplifies the signal which can be measured and sent to Labview for further processing. 

 

 
Figure 14. Schematic drawing of the electronic circuit of the current to voltage converter used 

to amplify the signal from the photo diode. 

 

The without doubt most significant part of the system is the heating of the filament. In the 

home made system this is accomplished by a circuit for constant current generation (figure 

15). A high potential is applied over the platinum filament together with a low resistance 

resistor. The operational amplifier with a positive feedback is connected to two parallel 

connected FET transistors that will regulate the voltage and thereby the current through the 

filament. This can generate up to 40 ampere of current through the filament. Labview is used 

to send two square-wave pulses that will give two high-current pulses through the filament.   
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Figure 15. Schematic drawing of the electronic circuit used in the home made pyrolyser for 

heating the filament with current pulses. 

 

The circuits are powered by 9V AC/DC adapter connected to 230 V supply. The 9V are then 

fed to a DC/DC converter on each board which generates ± 12V that can be used for the 

different functions on the boards.  

 

3.2.3. Evaluation of pulse lengths from Labview program for operation of home build control 

unit 

 

To evaluate whether the pulse lengths, set in the Labview program, made to operate the home 

build control unit, were accurate the pulses were measured with an oscilloscope (Picoscope) 

and the average lengths were calculated. In each experiment the voltage in the Labview 

program was set to 4 V for the first pulse and 2 V for the second pulse (The pulses will given 

out current in the control unit). Three different pulse lengths of the first pulse were tested, 5, 

10 and 15 ms, and for the second pulse only 1000 ms was tested. Six experiments were 

performed for each pulse length.  
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4. Result and discussion 
 

4.1. Installation of Pyrola 85 unit 

 

The installation was completed as can be seen in figure 16 and several test runs were 

performed. Pyrograms for the different runs can be seen in figure 17-21. 

 

4.1.1. Pyrolysis-GC/MS analysis of test samples 

 

 
Figure 16. The instrumental set up for the pyrolysis-GC/MS system in Vietnam.  
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Figure 17. Pyrogram of Bon Bon sample 1. 

 

Notable peaks 

38.544: N-hexadecanoic acid 

42.188: Octadecanoic acid 

48.445: 1,2-Benzenedicarboxylic acid, diisooctyl ester 

 

Late peaks are different silica compounds which probably come from the stationary phase. 

This indicates that the column bleeds at high temperature. This can also be seen from the rise 

of the base line at elevated temperature. 

 

 
Figure 18. Pyrogram of Bon Bon sample 2. 

 

23.836: N-hexadecanoic acid 
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Figure 19. Pyrogram of blank sample. 

 

As can be seen in the blank sample there is a lot of peaks present (more than in the actual 

samples). This can probably be explained by two different reasons. First, the filament was not 

cleaned between the runs due to lack of proper equipment. Second, the mass spectrometer was 

usually used for analysis of very crude plant extract and the entire system was very dirty from 

the beginning.  

 

 
Figure 20. Pyrogram of Bon Bon sample 4. 
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Figure 21. Pyrogram of Can Sen sample 1.  

 

23.775: N-hexadecanoic acid 

 

Since the idea with this technique is to create a fingerprint pattern of peaks to identify samples 

the number of detected analyte peaks in these test samples is far too low. A lot of the peaks 

are probably originating from the stationary phase and according to the person responsible for 

the MS there is usually fatty acids present in the recorded mass spectra that at least partly 

come from the system and not from the sample.  

 

A possible reason for the lack of analyte peaks can be that a non-polar column was used. As 

can be seen in the pyrograms there are usually a number of very broad peaks that elutes in the 

beginning. This is probably polar compounds, with little retention in the column, that are co-

eluting. The use of a polar column, instead of a non-polar column, could give a different 

selectivity profile which might lead to an increased separation capability and possibly more 

peaks. 

 

Many peaks in all pyrograms remain unidentified due to low score in the MS identification 

library. This is probably because many compounds are co-eluting. Some sort of deconvolution 

script could be needed to increase the number of identified peaks. Even if only fingerprint 

analysis is of interest the identification of peaks are crucial to be able to assign correct identity 

of the peaks for further data processing. 
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4.2.2. Test samples analysed  by Lorenz Gerber Department of Plant Physiology, Umeå Plant 

Science Center, Umeå University 

Figure 22. Pyrogram of Bon Bon sample analysed in Sweden. 

 

Figure 23. Pyrogram of Taxus sample analysed in Sweden.  
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Figure 24. Pyrogram of Can Sen sample analysed in Sweden. 

 

As can be seen for all samples, the pyrograms looks different when analysed in Sweden, 

compared to in Vietnam. This is probably due to different settings and equipment and that 

pyrolysis in general is a very non-robust technique.  

4.2. Construction of home-build control unit 

 

4.2.1. Evaluation of pulse lengths from Labview program for operation of home build control 

unit 

 

To evaluate whether the pulse lengths, set in the Labview program, made to operate the home 

build control unit, were accurate the pulses were measured with an oscilloscope (Picoscope) 

and the average lengths were calculated. In each experiment the voltage in the Labview 

program was set to 4 V for the first pulse and 2 V for the second pulse (The pulses will given 

out current in the control unit). Three different pulse lengths of the first pulse were tested, 5, 

10 and 15 ms, and for the second pulse only 1000 ms was tested. Six experiments were 

performed for each pulse length.  

 

Figure 25 shows the measured voltage for the first pulse with a length of 10 ms, displayed 

with the software PicoScope. From the software, voltage values and time values for each 

point was obtained and from this the length of the first pulse was calculated by taking the time 

value when the voltage increases from 0 to 4 V and when the voltage decreases from 4 to 2 V.  

 

 



 26 

 
Figure 25. Measured voltage of first pulse from Labview program made to operate the home 

build control unit. The length of this pulse was set to 10 ms. The voltage was measured with 

an oscilloscope and visualized by the software PicoScope6 (voltage in V vs. time in ms). 

From the software time values and voltage values were obtained which were used to calculate 

the length of the first pulse. 

 

Figure 26 shows the measured voltage for the second pulse with a length of 1000 ms. In the 

same way as for the first pulse the length of the second pulse was calculated from the time 

value when the voltage decreases from 4 to 2 V and when the voltage decreases from 2 to 0 

V.  
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Figure 26. Measured voltage of second pulse from Labview program made to operate the 

home build control unit. The length of this pulse was set to 1000 ms. The voltage was 

measured with an oscilloscope and visualized by the software PicoScope6 (voltage in V vs. 

time in s). From the software time values and voltage values were obtained which were used 

to calculate the length of the second pulse. 

 

Table 1 shows the results from the pulse length experiments. The mean value and standard 

deviation for the different pulse lengths were calculated. The accuracy (mean) of the first 

pulse is highest for the 5 ms pulse and lowest for the 10 ms pulse, however, the precision 

(standard deviation) improves with increased pulse length. The results for the length of the 

second pulse show very good accuracy and precision. The pulses might be accurate enough to 

be used in an instrument, but it remains to be evaluated how it will affect the robustness of the 

measurements.  

 

Table 1. The calculated mean and standard deviations for the calculated pulse lengths send 

from the Labview program made to operate the home build control unit.   

Pulse First pulse Second pulse 

Pulse length (ms) 5 10 15 1000 

Mean (ms) 5.08 9.56 14.5 1000 

Standard deviation (ms) 0.834 0.408 0.246 0.000816 

  

 

4.2.2. Testing of the home-build unit 

The hardware of the system remains to be tested but preliminary tests circuits constructed 

showed promising results.  
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5. Conclusions 
 

The malfunctioning Pyrola 85 was successfully installed and it was possible to pyrolyse 

samples. However the pyrograms contained few peaks which can be problematic for the 

intended purpose of sample characterization with the aid of chemometrics. The test period 

was very short so it is probably possible to improve the results with different settings of both 

the pyrolyser and the GC/MS equipment.  

 

A possible way of constructing a pyrolyser device was proposed with a functional Labview 

software program and detailed circuit boards and schematic drawings. The hardware was 

partially built and initial testing was performed with promising results. A complete 

construction remains to be done in the future.  
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Appendix  

 

Printed circuit boards 
 

 
Figure 27. The circuit board for the temperature control of the pyrolysis chamber. 
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Figure 28. The circuit board for the current to voltage converter used to read the value from 

the photo diode. 
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Figure 29. The circuit board for the pyrolyser filament heating. 


