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Methodology and challenges of calibrating the instrument for simultaneous thermal analysis
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Summary: Simultaneous Thermal Analysis (STA) represents combination of Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) which are simultaneously applied to the same sample. Simultaneous sample analysis by two different methods of thermal analysis allows acquiring more data about the sample than applying these methods individually, providing more accurate data analysis. The main disadvantage of STA is lowered sensitivity for one or more signals which is the result of compromises that had to be made due to instrument’s complex structure. Therefore, it is of great importance to carry out appropriate and correct instrument calibration in order to acquire relevant information . After successfully completed calibration for specific operating conditions (atmosphere and heating rate), various material characteristics can be determined, such as proximate analysis date required for fuel characterization. In this paper the calibration of device for STA from NETZSCH manufacturer, model “STA Jupiter 449F5” is presented. This instrument was acquired by the Fuel and Combustion Laboratory of the Faculty of Mechanical Engineering in Belgrade within realisation of project financed by Ministry of Education, Science and Technological Development of Serbia. During calibration, attention has been focused on output diagram analysis  in order to define specific temperatures and latent heat of tested reference materials, required for defining calibration curves of temperature and sensitivity calibration, which are later presented.
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1. INTRODUCTION

Thermogravimetric Analysis (TGA) measures the weight and hence mass of a sample as a function of a furnace temperature (non-isothermal modes) or time (isothermal mode). TGA allows sample mass detection, determination of stepwise changes of  mass (usually as a percentage of initial sample mass) and determination of temperatures that characterize a step in a mass change curve, using only one crucible.

Differential Thermogravimetric Analysis (DTG) makes continuous plot of the rate of weight loss with time as a function of furnace temperature. The acquired information is given regarding the reference material that is placed in an electric tube furnace along with the measured sample. When the fuel is heated in the atmosphere of flowing air using this method, the graphical plot produced is known as burning profile, or if it is heated in the flow of inert gas such as nitrogen, obtained profile is known as volatile release profile. 

Adding thermocouple to DTG configuration, temperature difference between sample and reference material is measured along with all other parameters and that method is known as Differential Thermal Analysis (DTA). 

One step further is Differential Scanning Calorimetry (DSC) which has more thermocouples and measures heat flow in and out of a sample and reference material as a function of temperature as the sample is heated, cooled or held isothermally at constant temperature. The measurement signal is the energy absorbed or released by the sample, measured in mW/mg, which provides following information: detection of endothermic and exothermic effects, determination of peak areas – transition and reaction enthalpies, latent heat, determination of temperatures that characterize peaks or other effects and measuring specific heat capacity. 

All those positive properties and effects are combined in one measurement known as Simultaneous Thermal Analysis (STA). STA enables real-time measurement and analysis of sample weight and heat flow in one compact lab instrument usually combining TGA and DSC. The main advantage over separate measurements is that measurement errors are lowered to minimum because test conditions are perfectly identical for the TGA and DSC signals (same atmosphere, gas flow rate, heating rate, thermal contact to the sample crucible and sensor, radiation effect etc.) and time required for the measurements is halved. This paper concerns methodology of calibrating the instrument (NETZSCH Jupiter 449F5) as one of the leading STA instruments in the world.
2. INSTRUMENT CALIBRATION
For optimum performance, the system requires temperature calibration and sensitivity calibration specific to the type of sample carrier, crucible, heating  rate and gas type (atmosphere). Calibrating the instrument means obtaining calibration curves after processing data from certain measurements. In case presented in this paper, alumina crucibles were used, along with DSC sample carrier, heating rate of 10 K/min and nitrogen atmosphere. In order to get relevant information and properly calibrate the instrument, certain reference materials were used. It was considered that it would be the best to use as much reference materials as possible (seven in this particular case) to cover full temperature range for needs of the Fuel and Combustion Laboratory. Reference materials are standards with known melting point that are used for proper calibration of the instrument before regular operation. For calibration, 5-10 mg of each reference material was used.
2.1 CALIBRATION PROCEDURE
NETZSCH software Proteus® 6.1.0 is the central point for control and operation of NETZSCH Jupiter 449F5. It was used for setting up and executing calibration. 

The setup includes four steps. During the first step (Figure 1), several parameters  were set: furnace type (Silicon Carbide, up to 1650 °C), sample carrier (DCS, type S), crucible type (alumina - Al2O3) and weighing mode (internal balance in presented case).
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Fig. 1 Measurement Definition (Step 1)
In step two (Figure 2), measurement type was selected, sample mass was weighed and gas atmosphere selected in mass flow controlled (MFC) gasses option. Regarding the needs of intended operation, inert gas atmosphere was chosen for calibration provided by nitrogen (Class 4.6) as purge and protective gas.  Purge gas flows straight into the furnace, while protective gas (compulsorily inert, like nitrogen, argon, helium etc.) is used to protect the balance. Afterwards they merge in one stream and emerge together in atmosphere or into transfer line for further analysis (Mass Spectrometer or FTIR). In this section calibration  files could be selected as well, but not in this case because these measurements are used for making calibration files. Also, basic info about the measurement should be entered such as material used, operator etc.
Fig. 2 Measurement Definition (Step 2)

The third step is defining temperature program (Table 1). In order to achieve  reliable results, sample was heated/cooled ~100 °C above/below melting point. Heating rate was set to 10 K/min and purge and protective gas flow rates were both set to 50 ml/min. 

Table 1 Temperature programs used for selected reference materials
	Calibration standards (reference materials)

	Name
	Symbol
	Melting point [°C]
	T1
	T2
	T3
	T4
	T6
	T6
	Temg

	Indium
	In
	156.6
	25
	260
	50
	265
	50
	270
	300

	Tin-foil
	Sn
	231.9
	25
	380
	170
	385
	170
	390
	450

	Bismuth
	Bi
	271.4
	25
	380
	170
	385
	170
	390
	450

	Zinc
	Zn
	419.5
	25
	480
	320
	185
	320
	490
	500

	Aluminium
	Al
	660.3
	25
	760
	560
	765
	560
	770
	850

	Silver
	Ag
	961.8
	25
	1060
	850
	1065
	850
	1070
	1150

	Gold
	Au
	1064.2
	25
	1150
	950
	1155
	950
	1160
	1250


The initial temperature for all measurements was set to 25 °C. Zinc couldn’t be heated 100 °C above melting point but a little less, because temperature had to be held below the zinc’s sublimation point and that is the reason why emergency temperature was set to 500 °C, only 10 °C above final temperature. Also, in order to achieve as pure nitrogen atmosphere as possible, “AutoVac” mode was used which provides vacuuming the furnace at first up to 10-4 bar and then filling it with nitrogen. Besides, sample temperature controller (STC) was turned on all the time in order to acquire reference materials’ melting points as accurate as possible.
Example of temperature program for indium is shown in figure 3.
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Fig. 3 Temperature program for indium
Final step includes saving measurement setup and then the measurement starts. 

2.2 PROCESSING DATA FILES
This part involves processing acquired data in order to find melting temperatures (onset value) and peak areas which can later provide enthalpy that can be related to latent heat

According to temperature program for each reference materials three melting cycles (DSC curve peaks) were acquired during the calibration standard procedure, and for indium and gold obtained results are presented on Figures 4 and 5. 
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Fig. 4 Obtained DSC peaks for indium
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Fig. 5 Obtained DSC peaks for gold

After splitting the curve into segments, according to calibration standard procedure, second and third peak were analysed for determination of onset temperatures and peak areas required for obtaining calibration curves. 

Onset value is determined in such way that DSC peak is centred while left and right cursors are positioned at the straight but slope parts of the baseline (Figure 6).
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Fig. 6 Onset value determination

Peak area is determined so that left cursor is set at the beginning of the peak, while the right one should be positioned were the DSC line becomes straight. In order to obtain value for peak area baseline type was set to linear. Peak area processing procedure for indium are shown in Figure 7 .
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Fig. 7 Peak area processing procedure for Indium 

2.3 CREATING CALIBRATION FILES
Final output of the whole procedure described before (above) should be calibration files with calibration curves. Their use is correcting instrument characteristics so that measured data can match up with standard (reference) operating values.
2.3.1 Temperature calibration file
After processing data from all measurements, onset values and peak areas should be recorded in the Excel spreadsheet file and average values should be calculated (table 2).

Table 2 Obtained onset values and peak areas 
	Material
	TN [°C]  
	Ts1 [°C]  
	Ts2 [°C]  
	Tavg [°C]  
	DSC1 [μVs/mg]
	DSC2 [μVs/mg]
	DSCavg [μVs/mg]

	In
	156.6
	155.4
	155.4
	155.4
	26.48
	26.44
	26.46

	Sn
	231.9
	231.3
	231.3
	231.3
	51.30
	51.17
	51.24

	Bi
	271.4
	269.6
	269.6
	269.6
	53.84
	55.59
	54.74

	Zn
	419.5
	417.9
	417.8
	417.8
	82.73
	82.78
	82.76

	Al
	660.3
	659.3
	659.5
	659.4
	243.70
	242.40
	243.05

	Ag
	961.8
	960.0
	960.0
	960.0
	58.64
	58.78
	58.71

	Au
	1064.2
	1063.1
	1063.2
	1063.2
	29.09
	29.54
	29.32


When Temperature calibration program is opened, again, furnace and sample carrier type along with crucible type are selected. In Temperature calibration properties dialog, heating rate and used gas are selected. After that, in calculation dialog, standards that haven’t been used have to be removed and then, in Column “Temp. exp.” measured average temperatures are inserted.

At this point, it can be seen that all standards have mathematical weighting of 1 except for indium which has 10. That means that measurement using indium is the most important one and that this value affect calibration curve the most.

Selecting the “Calculate quadratic approximation”, the temperature calibration curve is obtained and presented on Figure 8.
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Fig. 8 Temperature calibration curve
And at this point, the calibration must be saved.
2.3.2 Sensitivity calibration file

First step is to enter Sensitivity Calibration program provided in instrument software (NETZSCH software Proteus® 6.1.0). Following procedure described above, after creating new file, crucible type, carrier gas and heating rate are selected, and standards that do not correspond with the required calibration (temperature range) are removed. In the column “Peak Area” determined average peak areas are inserted.
In this case, as well as in the previous one, it can be seen that values related to indium are the most influential on the calibration curve.

After calculation and selecting “Graph” box, the sensitivity calibration curve is obtained and presented on Figure 9. 
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Fig. 9 Sensitivity calibration curve
Also, at this point, the calibration file must be saved. 

3. CONCLUSION
It has to be noted that calibration was performed for several heating rates and gas atmospheres, and also with different types of sample carriers (DSC and DTA).
According to operating experiences [5], sample doesn’t need to be heated exactly 100 °C above melting point but lower values ( minimum 50 °C) are acceptable. The sample of reference materials can be used multiple times (except for zinc) for different calibrations, because measurement uncertainty is insignificant. 
Regarding figures 4 and 5, it was proved that analysing the first peak is not representative because measurement uncertainty is great and peak shape is different, which is visible on those figures, and which is obviously emphasized at higher temperatures. Taking first peak values into account could produce significant error in processing calibration data and generate non-usable calibration curves.

Due to gold’s and silver’s reactivity with alumina at high temperatures, it is not possible to separate those materials from crucible after the measurement, what suggests that sample mass has to be carefully measured and stored for the next calibration. Therefore, because of this phenomena, it is not recommended to use silver for calibration in alumina crucibles because it oxidize in air  atmosphere over  time making it unrepresentative for the next calibration and it stays adhered to the crucible bottom making it useless for further utilization as well. 
Also, taking instruments accuracy into account, it is suggested that emergency temperature should be no more than 10 °C above highest (set) temperature.
In order to keep the instrument running smoothly, providing accurate and reliable results, calibration should be performed at least once a year.

REFERENCES (BOLD)


[1] ***, NETZSCH-Gerätebau GmbH, Operating Instructions Simultaneous TG-DTA/DSC Apparatus STA 449 F5 Jupiter®, Selb, 2014

[2] ***, NETZSCH-Gerätebau GmbH, Software Manual NETZSCH Proteus® Software Version 6.1.0, Selb, 2013

[3] Carpenter, A., M., Skorupska, N., M., (1993). Coal combustion – analysis and testing, IEACR/64, lEA Coal Research, London
[4] ***, Internal communication with NETZSCH training centre
LOGO WILL BE HERE








� Research Assistant, University of Belgrade Faculty of Mechanical Engineering, mradojevic@mas.bg.ac.rs


� Assistant Professor, University of Belgrade Faculty of Mechanical Engineering, nmanic@mas.bg.ac.rs


� Assistant Professor, University of Belgrade Faculty of Mechanical Engineering,  vjovanovic@mas.bg.ac.rs


� Full Professor, University of Belgrade Faculty of Mechanical Engineering, dstojiljkovic@mas.bg.ac.rs





10
9

