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Laser flash method
The laser flash method was first introduced by Parker et al. [1] in 1960. The method is capable of conducting non-contact measurements of thermal diffusivity, heat capacity and thermal conductivity of various materials. The following subsections will explain how each of these values can be determined.
Determination of thermal diffusivity
Thermal diffusivity α (mm2/s) is a measure of thermal inertia of a material. It gives an insight of how fast heat is propagated through the medium. The flash method was primarily developed to measure this value.
Figure 1 shows the principle of how α is determined. The front side of the investigated material sample is heated up by a high intensity, short duration light (laser) pulse. The resulting change of temperature with time on the back side of the sample is recorded by an infrared camera. A typical curve of temperature rise vs. time is shown on figure 2. A mathematical analysis of this graph allows for the determination of the thermal diffusivity. For ideal, adiabatic conditions, the thermal diffusivity is described by [1]:
    (1)
Where l is the thickness of the sample and t50 is the time in which the temperature rise on the back side of the sample reaches half of its maximum value (see figure 2).
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\measurement principle.png]
Figure 1: Principle of the laser flash method.
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\Figure 1 temp rise a.tif]
Figure 2: Typical curve of temperature vs. time.

Equation 1 is only valid if adiabatic conditions are achieved, i.e. no heat loss from the sample occurs during the measurement. Such assumption can be made when the measured sample is very thin and has a large thermal diffusivity. In that case the measurement duration is very short (approximately 100 milliseconds) and the heat losses can be neglected. 
In most cases however, the measurement will last much longer and a correction for heat losses from the sample needs to be included. Various mathematical models exist that are capable of estimating that effect [2, 3] and are included in the analysis software.
Another assumption made in equation 1 is that the duration of the heat pulse is negligibly short in comparison to the heat diffusion time. If that is not the case, this effect should also be accounted for, with the use of another mathematical model [4].
Determination of specific heat capacity
Specific heat can be obtained by a comparative method, where two samples are measured subsequently under the same conditions: a test sample under investigation, and a reference sample with previously determined properties. By comparing the maximum temperatures obtained on both of the samples and their respective properties the cp of the test sample can be calculated:
  	 (2)
Where Tmax is the maximum temperature recorded on a sample, ρ is the density and the superscripts ref and test refer to the reference sample and the test sample respectively.
Derivation of thermal conductivity
Having determined the thermal diffusivity and the specific heat capacity, it is possible to derive the thermal conductivity of the samples:
 	(3)
The LFA 447 apparatus
Description of the apparatus
The LFA 447 is shown on the figure below. The sample changer, which can hold up to 4 samples, is located in the middle of the apparatus. The heat source, which in this case is a xenon lamp, is placed underneath. The infrared detector is located above the sample changer.
The temperature in the sample holder is controlled by a furnace and can be set between the room temperature and 300°C.
To prevent the overheating of IR detector, it needs to be cooled down with liquid nitrogen, which should be supplied into the tanked located above it.
Instructions on how to operate the apparatus can be found in the device manual. This report will explain in more detail specific issues with the apparatus, factors that can have a strong influence on the accuracy of the measurements and some practical issues that are not explained thoroughly enough in the manual.
[image: ]
Figure 3: Overview of the LFA 447 apparatus [5]
Preparation of the instrument
Before the LFA 447 can be used, the detector casing needs to be filled with liquid nitrogen. The procedure is explained in the device manual, chapter IV [5]. Liquid nitrogen can be found in the chemistry lab, room E1.11. The small blue container located close to the apparatus can be used to transport the liquid nitrogen to the L lab. When filled to the top, it carries enough liquid nitrogen to fill the LFA 447 once. One supply of nitrogen lasts for about 4-6 hours of measurements.
If more nitrogen is needed, the large tank standing next to the LFA 447 can be filled, so that it’s not necessary to go back and forth to the chemistry lab. Ask the technicians in the basement of the chemistry lab to fill it.
Choice and preparation of the samples
The sample holders used in the apparatus are suitable for round samples with 12.7 mm diameter. The thickness of the samples can be in the range of 1 - 3 mm. It is however strongly recommended that the test sample has the same thickness as reference samples (2 mm). If both samples are not of the same thickness, it is important to maintain the same distance between surfaces of the samples and the IR detector. This can be done by balancing the samples in the sample changer. It was found that the measurement accuracy of specific heat can be largely affected by this factor.
The reference samples provided with the instrument are: Pyroceram, Pyrex, Alumina and Graphite. Their properties can be found in table 1. When choosing the reference sample it is important to select one that has similar diffusion time as the test sample so that the heat losses during the measurement time, i.e. by radiation from the specimen surface or by lateral heat flow, are comparable in both cases. Strong variations in the heat diffusion time between the two samples can lead to inaccuracies when determining the specific heat capacity. We recommend using Pyroceram or Pyrex for samples with low diffusivity (insulation, plastics, etc.) and Alumina or Graphite for samples with high diffusivity (metals).
The samples need to be coated with graphite spray Graphit 33 (can be purchased on amazon.de). The procedure is explained in the device manual. After the measurement the coating should be removed. This can be done with cleaning alcohol.
The manual states that the lower measuring range for thermal conductivity is 0.1 W/m/K. However measurements conducted on samples with λ of 0.03-0.06 W/m/K showed reasonable accuracy.
To determine the density of the samples a precision scale needs to be used due to small size of the samples. It can be found in room L107. Dimensions of the sample should be measured with a caliper or a micrometer.
	Reference sample
	Thickness (mm)
	Diameter (mm)
	Density (kg/m3)
	a (mm2/s)
	cp (J/g/K)
	λ (W/m/K)

	Pyroceram
	1.990
	12.65
	2600
	1.926
	0.800
	4.009

	Pyrex
	1.992
	12.67
	2210
	0.650
	0.761
	1.098

	Alumina (Aluminium oxide)
	1.994
	12.69
	3860
	10.23
	0.775
	30.92

	Graphite
	1.964
	12.68
	1740
	76.200
	0.700
	91.7


Table 1: Properties of the reference samples at the temperature of 25°C.
Conducting the experiment
The device manual explains all the steps that need to be taken before starting the measurement. Be sure to fill the nitrogen tank and start the thermostat (use temperature of 1-2K below the room temperature).
The LFA447 is operated through Nanoflash software. Shortcut to the application is located on the desktop. The manual explains all of the steps to be taken to start the measurement in the program. Below is an explanation of a few issues that were not addressed or not explained in enough detail:
- In the sample definition window, the field ‘Temp. (Dens)’ refers to the temperature at which the density of the sample was measured (usually the room temperature). The input of cp is irrelevant: for the test samples the cp is unknown and for the reference sample, specific data regarding cp can be loaded afterwards in the analysis program. Therefore any arbitrary number can be put in this field. 
[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\Stuff\samples input.png]

Figure 4: Sample definition form window.
- Upon setting the parameters regarding the measurement, special attention needs to be taken when setting the duration. If the considered sample is of low diffusivity (for instance wood or insulating foam) the measurement can take up to 30-90 seconds and it may take several seconds until the heat is propagated to the back side of the sample so that the IR detector is able to detect an increase in temperature. If the duration of measurement is lower than the time needed for the heat to propagate through the sample, the detector will not record any change in temperature and the software will display an error.
- The delay should be set to 20-30 seconds, depending on the heat diffusion time of the sample. It is the time needed for the sample to cool down to the original temperature after being heated up by the xenon lamp, before starting the next measurement.
[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\Stuff\main window.png]

Figure 5: Main window of the Nanoflash software.
Analysis of the results.
The files containing results of the measurements are by default stored in the directory C:\ngbwin\ta\nanoflash\Files. The software for the analysis of results is the Proteus LFA Analysis. Shortcut is located on the desktop. 
The device manual offers a short description of the analysis software. The help file provides a more thorough but very chaotic explanation. Therefore the important parts of the process of analyzing the data are explained below:
a) After creating a new database, (Database -> Explore in the main window, then Database -> New in the database window) import the measurements by Database -> Import LFA 447 File.
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\scr\01.png]          [image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\scr\02.png]
Figure 6: Creating a new database
b) Click Next in the material selection window (it imports the data specified before, regarding dimensions and density of the samples). On the next window, the data regarding cp values for the reference samples can be imported. Click Associate, then Add -> From Standard File and locate the file containing data for a specific sample. When the data is imported put a check mark (✓) symbol next to it. 
[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\Stuff\associate cp.png]
Figure 7: Associating the material with a cp table.
c) After importing the measurements into the database, they can be analyzed by a right click on the measurement -> load into the analysis. At this point a model for analyzing the data needs to be selected. Adiabatic model should only be used in a case of very thin samples with high thermal diffusivity, see figure 11. Cowan and Cape-Lehman models are capable of estimating the heat losses from the samples and in most cases give similar results, see figure 12. Radiation model should be used in cases when the sample is slightly transparent, see figure 13.
Pulse correction should be applied in cases when the heat diffusion time is of comparable magnitude as the pulse time. The pulse time equals 100 μs, 250 μs and 450 μs for the different pulse width settings (short, medium, long) in the Nanoflash software.
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\scr\03.png]
Figure 8: Loading data into analysis.
d) The cp can be determined after two measurements have been loaded into the analysis. To calculate the cp, go to Measurement -> Calculate specific heat. Indicate which of the samples is the reference.
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\scr\04.png]
Figure 9: Calculating the specific heat capacity.
e) For easier analysis, the data can be exported to an Excel file by clicking Output -> Export results -> Export data.
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\scr\05.png]
Figure 10: Exporting the data to excel file
The following figures (11-13) present the measured temperature vs. time curves for various materials and suggested models for calculating the thermal diffusivity.
[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\Aluminium.tif]
Figure 11: Result of the measurement on an aluminium sample. Notice the very short heat diffusion time (the entire measurement lasts for ca. 100 milliseconds). After the temperature on the sample reaches the maximum value, it stays approximately on the same level, hence an adiabatic model can be assumed. However, it is still recommended to use one of the models for heat loss approximation. Pulse correction needs to be taken into account here, due to the short duration of the measurement. The spike at 0 milliseconds is caused by the fact that not all sample holders were filled and some of the light from the xenon lamp was reflected into the measuring chamber through the holes in the sample changer and was recorded by the sensor. This does not have an effect on the result.
[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\Pyroceram.tif]
Figure 12: Measurement of a pyroceram sample. The heat diffusion time is longer and a steady decrease in temperature can be observed. For that reason the Cowan model was used in this case. The spike present in the previous graph is not visible here, due to larger time scale.

[image: C:\Dropbox\Dropbox\Dropbox\Measurements JJZ\foam.tif]
Figure 13: Measurement of a polyurethane foam sample. The heat diffusion time is much longer; therefore an analysis of heat losses needs to be included. The sample was also semi-transparent, and not all of the radiation was absorbed in it, hence the spike at 0 milliseconds. The radiation model was used to compensate for that effect.
Matrix (MTX) measurement mode.
The LFA 447 can also operate in a ‘matrix’ (MTX) measurement mode, where it can scan a larger sample point by point in order to determine the local thermal diffusivity on a very small scale. Square samples with dimensions of 60 by 60 mm can be examined in this mode. Scanning resolution can be adjusted by placing an aperture on the infrared sensor. Several apertures are available with sizes ranging from 1 to 5 mm. The position of the sample holder under the infrared detector is controlled by a motor, so that the entire surface of the sample can be scanned, thus creating a map of thermal diffusivity distribution over the area.
The procedure for using this mode is described thoroughly in the manual, chapter V.
Measurements of local thermal conductivity.
With the use of the matrix measurement method it is possible to obtain values of the local thermal diffusivity. To determine the thermal conductivity on the same scale, it seems that the local density is also needed so that the local cp could be calculated. However, analysis of equations 2 and 3 shows that this is not necessary. Equation 2 can be written as:
 	(4)
And cptest·ρtest can be substituted into equation 3:
 	(5)
Therefore the local thermal conductivity can be derived without the knowledge of the local specific heat and density. Instead, an arbitrary value of ρ (e.g. 1 g/cm3) can be inputted into the software and a combined, local value of cp·ρ will be obtained, which can then be used to derive the λ. 
However, there are a few issues with this method that need to be addressed first. As seen on figure 14 a), the original sample holder for the matrix measurements does not include a space for inserting the reference sample. To address that problem, a new sample holder was manufactured in the lab, capable of holding the reference sample, as well as a round test sample, with diameter of 40 mm. The new sample holder is presented on figure 14 b).
[image: C:\Dropbox\Dropbox\googledrive\Laser flash - report\sample holders.tif]
Figure 14: Sample holders for matrix measurements: a) original, b) new
In this setting, the measurement of the reference sample should be taken over its middle point. If the sample holder is inserted into the apparatus as shown on figure 14, it should be located at x = -17.5; y = -17.5. After conducting the measurement of the reference sample, the test sample can be scanned point by point. Afterwards, the results can be used to determine the local cp ·ρ values on the test sample and then used to calculate the local thermal conductivity.
Depending on how many points on the test sample are considered, the measurement can take up to several hours. The temperature in the sample holder in this mode cannot be controlled and it might fluctuate during the measurement. Therefore it is suggested to stop the scan of the test sample after a while (1 hour) and rerun the measurement on the reference sample. The cp ·ρ value at a particular point on the test sample should be then calculated based on the measurement of the reference sample that was conducted closest in time.
The Proteus analysis software does not allow for calculating cp values for the measurements taken in the matrix mode. This problem can be bypassed by converting the file with results of matrix measurements so that they resemble the files containing results of single measurements (by removing the data regarding the spatial position on the sample). The procedure for that is explained below:
a) Open the files containing results of the matrix measurements for reference and test samples (with the .mtx extension) in Microsoft Excel.
b) Run the “LFA447_1” macro on both files (the macro is saved on the computer next to the apparatus. If you are using different computer, copy the macro from the appendix). The macro will remove information regarding spatial coordinates, as well as some other data.
c) Save the modified files as files with measurements done in the normal measuring mode (by changing the file extension to .dat). Save them as a copy – leave the original files as well.
d) Import the modified files with the test and reference measurements into the Proteus analysis software. Calculate α and cp values for the test sample and export the results to an excel file.
e) Load the original file with matrix measurement results into Proteus and calculate α. Export the results to an excel file. This will be necessary to retrieve the data regarding the spatial coordinates that had to be removed before.
f) Open both of the Excel files exported from Proteus. Copy all the content from the matrix results spreadsheet and paste them at column H of the other spreadsheet.
g) Run macro “LFA447_2”. It will gather all the data regarding the x and y position, α, cp and λ into one table starting from the cell Q23.
By following this procedure a distribution of local thermal conductivity on the sample can be obtained. Figure below shows an example of a color map of local thermal conductivity derived for two functionally graded samples. The maps were produced in Matlab. The outer shell of the samples is made of fiberglass reinforced plastic and the inner core consists of polyurethane foam. A gradual decrease in the thermal conductivity can be observed.
[image: C:\Users\jjz\Google Drev\measurements paper\Figures\Figure 5 map of lambda.tif]
Figure 15: Map of thermal conductivity of the two investigated samples.
Validation of the local thermal conductivity measurements
Since the matrix measurement mode was not intended by the manufacturer to be used for derivation of specific heat capacity and thermal conductivity, we decided to perform a validation test on homogenous samples to prove that the method works. The samples used in this investigation were C45 carbon steel (material no. 1.1191), POCO graphite AXM 5Q, polyester resin (Polylite 680-000) and polyurethane foam, previously used in the hot plate apparatus. With such selection of materials, the method can be tested for a large spectrum of thermal conductivity magnitude. 
Firstly, each of the samples was tested in the single measurement mode, together with the reference sample. A similar test was conducted afterwards in the matrix measurement mode. Test samples were placed in a mask and inserted in the large slot in the sample holder. An aperture of 2 mm was used to scan the middle of the samples. Afterwards, the results obtained for both measurement modes were compared to determine whether the matrix mode can be successfully used for derivation of thermal conductivity. All measurements were taken at the temperature of 22°C. Prior to the measurement, the test samples, as well as reference samples were coated with graphite spray in order to match their infrared optical properties. 
Table 1 presents the results of tests conducted on 4 samples used in this investigation and the comparison to reference values. In the case of PUR foam sample, the thermal conductivity determined in the hot plate measurements serves as a reference, otherwise tabular values are used. Three measurements of each sample were taken and are presented in the table. 
A fine agreement between the measured and tabular values is found for the steel and polyester resin samples. In case of the graphite sample, the deviation in thermal conductivity is slightly higher. However, the measurement uncertainty of the reference value is also high in this case: it was reported that the thermal conductivity can vary by 20% from specimen to specimen [5].
A larger discrepancy can be observed in case of the PUR foam. It was found later that this sample is not entirely homogenous and a visible gradient in cell sizes exists from one side of the specimen to another. It is possible that the tested sample was cut out from the region with lower density. 


	Material
	Mode
	No.
	a (mm2/s)
	cp (J/gK)
	Ref. cp (J/gK)
	Deviation (%)
	λ (W/mK)
	Ref. λ (W/mK)
	Deviation (%)

	Steel
	Single
	1
	14.36
	0.461
	0.486 [6]
	-5.2
	49.7
	51.9 [16]
	-4.3

	
	
	2
	14.39
	0.464
	
	-4.6
	50.1
	
	-3.5

	
	
	3
	14.30
	0.470
	
	-3.3
	50.4
	
	-2.8

	
	
	Mean
	14.35
	0.465
	
	-4.4
	50.1
	
	-3.6

	Steel
	MTX
	1
	14.19
	0.476
	0.486
	-2.1
	50.7
	51.9
	-2.3

	
	
	2
	14.24
	0.470
	
	-3.3
	50.2
	
	-3.3

	
	
	3
	14.22
	0.474
	
	-2.5
	50.6
	
	-2.5

	
	
	Mean
	14.22
	0.473
	
	-2.6
	50.5
	
	-2.7

	Graphite
	Single
	1
	74.28
	0.655
	0.700 [5]
	-6.4
	84.7
	91.7 [13]
	-7.7

	
	
	2
	74.54
	0.648
	
	-7.4
	84.0
	
	-8.3

	
	
	3
	74.26
	0.650
	
	-7.1
	84.0
	
	-8.4

	
	
	Mean
	74.36
	0.651
	
	-7.0
	84.2
	
	-8.1

	Graphite
	MTX
	1
	70.97
	0.705
	0.700
	0.7
	87.1
	91.7
	-5.1

	
	
	2
	70.60
	0.709
	
	1.3
	87.1
	
	-5.0

	
	
	3
	70.48
	0.704
	
	0.6
	86.3
	
	-5.8

	
	
	Mean
	70.68
	0.706
	
	0.9
	86.8
	
	-5.3

	Polyester resin
	Single
	1
	0.119
	1.175
	1.200 [7]
	-2.1
	0.192
	0.19 [15]
	1.0

	
	
	2
	0.118
	1.205
	
	0.4
	0.195
	
	2.8

	
	
	3
	0.118
	1.158
	
	-3.5
	0.188
	
	-1.2

	
	
	Mean
	0.118
	1.180
	
	-1.7
	0.191
	
	0.6

	Polyester resin
	MTX
	1
	0.115
	1.231
	1.200
	2.6
	0.194
	0.19
	2.3

	
	
	2
	0.115
	1.235
	
	2.9
	0.195
	
	2.6

	
	
	3
	0.114
	1.217
	
	1.4
	0.190
	
	0.3

	
	
	Mean
	0.115
	1.228
	
	2.3
	0.194
	
	2.1

	PUR foam 4
	Single
	1
	0.137
	1.067
	-
	-
	0.046
	0.052
	-12

	
	
	2
	0.136
	1.032
	
	-
	0.044
	
	-16

	
	
	3
	0.136
	1.058
	
	-
	0.045
	
	-13

	
	
	Mean
	0.136
	1.052
	
	-
	0.045
	
	-14

	PUR foam 4
	MTX
	1
	0.131
	1.134
	-
	-
	0.047
	0.052
	-11

	
	
	2
	0.131
	1.144
	
	-
	0.047
	
	-10

	
	
	3
	0.132
	1.137
	
	-
	0.047
	
	-10

	
	
	Mean
	0.131
	1.138
	
	-
	0.047
	
	-10


Table 1: Results of measurements of homogenous samples in the LFA 447.
Most important for this study is the comparison of results between the single and matrix measurement modes to identify whether the matrix mode can be used to derive the thermal conductivity. The results are presented in table 4. Small discrepancies are found between the two measurement modes. Thermal diffusivity is underestimated in matrix measurements and found to be 0.9-4.9% lower for all the considered samples. On the other hand, the calculated specific heat is higher by 1.7-8.4% compared to the single mode. As a result, the thermal conductivity, which is a product of both of these values, is in good agreement between the two measuring procedures, with the highest deviation of 4% for the PUR foam. Based on results of this investigation, it can be concluded that the matrix measurement mode can be used for derivation of thermal conductivity of homogenous samples with reasonable accuracy.

	Material
	Diffusivity (mm2/s)
	Specific heat (J/gK)
	Thermal conductivity (W/mK)

	
	MTX
	Single
	Deviation (%)
	MTX
	Single
	Deviation (%)
	MTX
	Single
	Deviation (%)

	Steel
	14.22
	14.35
	-0.9
	0.473
	0.465
	1.7
	50.5
	50.1
	0.8

	Graphite
	70.68
	74.36
	-4.9
	0.706
	0.651
	8.4
	86.8
	84.2
	3.1

	Polyester resin
	0.115
	0.118
	-2.5
	1.228
	1.180
	4.1
	0.194
	0.191
	1.5

	PUR foam 4
	0.131
	0.136
	-3.7
	1.138
	1.052
	8.2
	0.047
	0.045
	4.1


Table 4: Comparison between the matrix and single measurements.
Influence of measuring with different lateral resolutions
In the matrix measurement mode, various apertures can be fixed to the sensor, so that the sample can be scanned with different resolutions. The apertures have diameter between 1 and 5 millimeters. 
To investigate if using various lateral resolutions has any effect on the measurement result, one of the samples was scanned with various apertures fixed to the sensor, as shown on figure 16. The sample was scanned with interval of 2 mm between subsequent measurements. Resolution of 1 mm was not used, since it is very small in relation to the size of the cells in the foam sample. 
Small discrepancies can be observed between different resolutions. These are however insignificant when compared to uncertainty of the measurements. It can be concluded that the result is unaffected by the resolution and the smallest aperture can be used to achieve the highest level of detail, if necessary.
[image: C:\Users\jjz\Google Drev\measurements paper\Figures\Figure 6 various resolutions.tif]
Figure 16: Thermal conductivity measured with various lateral resolutions.
Influence of poor leveling of the samples
In the matrix measurement mode, the vertical position of the sample holder can be adjusted by four lifting screws. For an accurate measurement of the specific heat capacity it is very important that the sample holder is properly leveled, so that the test and reference sample are at same the distance from the infrared detector. Differences of more than 0.5 mm can lead to significant errors.
Figure 17 presents the results of two measurements with different distances of the test sample from the sensor. In the first one, the sample was correctly positioned, meaning that its back surface was on the same level as the back surface of the reference sample. In the second case, the lifting screws on the sample holder were not properly adjusted and, as a result, the test sample was slightly misplaced. It was found to be approximately 1 mm lower than the reference sample. It can be seen that there is a significant difference in the thermal conductivity derived for these two cases of approximately 12%. It can be concluded, that a lot of attention needs to be put into correct positioning of the sample, as very small differences in the distance from the sensor can lead to significant errors.
[image: C:\Users\jjz\Google Drev\measurements paper\Figures\Figure 7 distance from the sensor.tif]
Figure 17: The influence of distance between the sample and the sensor on the thermal conductivity measurement.
Summary
The LFA 447 can be successfully used for measurements of thermal diffusivity, specific heat and thermal conductivity of various samples. It is especially useful when determining the properties of materials on a very small scale. The matrix measurement mode allows for determining the local properties with a fine resolution, down to 1 millimeter.
Special attention needs to be taken when determining the specific heat capacity in the comparative method. First of all, the test and reference sample should be of nearly identical thickness. Secondly, their heat diffusion time should be comparable, so that the heat losses from both samples during the measurement are similar. Finally, the leveling of the samples is very important. Very small discrepancies can cause a massive error in the derivation of specific heat capacity and, as a result, thermal conductivity.
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Appendix
Excel macro – LFA447_1
Sub LFA447_1()    
    Dim i, f As Integer       
    Cells.Replace What:="NanoFlash Mat", Replacement:="NanoFlash 12.7rd", LookAt:=xlPart, _
      SearchOrder:=xlByRows, MatchCase:=False, SearchFormat:=False, _
      ReplaceFormat:=False    
    f = 0    
    Range("A1").Select    
    Do Until ActiveCell.Value = vbNullString             
          Range("B" + LTrim(Str(48 + f * 229))).Select          
          ActiveCell.FormulaR1C1 = "NanoFlash 12.7rd"
          ActiveCell.Offset(1, 0).Select
          ActiveCell.FormulaR1C1 = "0.7"          
          Range("A" + LTrim(Str(56 + f * 229)) + ":B" + LTrim(Str(57 + f * 229))).Select          
          Selection.ClearContents
          f = f + 1
          Range("B" + LTrim(Str(48 + f * 229))).Select
    Loop    
End Sub

Excel macro – LFA447_2
Sub LFA447_2()    
    Dim shots, i, j, diff, cp, rho, x, y, down As Integer
    Range("A1").Select
    Range("Q23").FormulaR1C1 = "x"
    Range("R23").FormulaR1C1 = "y"
    Range("S23").FormulaR1C1 = "Diffusivity"
    Range("T23").FormulaR1C1 = "Cp"
    Range("U23").FormulaR1C1 = "Lambda"    
    down = 0
    j = 0
    rho = Range("B10").Value    
    Do Until ActiveCell.Value = vbNullString        
      Range("J" + LTrim(Str(24 + down))).Select    
      shots = 0    
      Do Until ActiveCell.Value = vbNullString      
        ActiveCell.Offset(1, 0).Select
        shots = shots + 1    
      Loop    
      diff = 0
      cp = 0    
      Range("D" + LTrim(Str(24 + down))).Select    
      For i = 1 To shots
        diff = diff + ActiveCell.Value
        ActiveCell.Offset(0, 1).Select
        cp = cp + ActiveCell.Value
        ActiveCell.Offset(1, -1).Select
      Next i    
      ActiveCell.Offset(-1, 6).Select
      x = ActiveCell.Value
      ActiveCell.Offset(0, 1).Select
      y = ActiveCell.Value    
      Range("Q" + LTrim(Str(24 + j))).FormulaR1C1 = x
      Range("R" + LTrim(Str(24 + j))).FormulaR1C1 = y
      If shots > 0 Then Range("S" + LTrim(Str(24 + j))).FormulaR1C1 = diff / shots
      If shots > 0 Then Range("T" + LTrim(Str(24 + j))).FormulaR1C1 = cp / shots
      If shots > 0 Then Range("U" + LTrim(Str(24 + j))).FormulaR1C1 = diff / shots * cp / shots * rho          
      down = down + shots + 2
      j = j + 1    
    Loop    
End Sub
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