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Laboratory and computing methods

MODIFIED STA-409/3/6 THERMOBALANCE FOR DIGITAL
PROCESSING OF T, DTA AND TG CURVES

S81EFAN SVETiK, PETER KOTTAS

Faculty of Chemical Technology, Slovak Technical Unsversity,
Radlinského 9, 812 37 Bratsslava

Received 14. 8. 1990

The authors modified the STA-409/3/6 thermobalance by replacing the
sample carrier for thermogravimetric analysss (T'G) by that for combsned thermo-
gravimetric and differentsal thermal analysis (DTA), contammg PtRh10-Pt
thermocouples (commercial product). The PMD-85 micr D , which ts
currently avaslable on the market, was used sn expersmental data acgussstion
curve data was written sn the Bassic language, together with programe for com-
puting the actsvation energy E, the frequency factor Z and the reaction order n,
which consider the varsous formal mechanssms of thermal decomposstion of
solids by the non-ssothermsc method on the basss of the thermogravimetrsc curves.

INTRODUCTION

In view of the fact that e.g. conversions of polymorphous modifications or
melting of substances do not involve any changes in weight but on the other hand
the TG records of heterogeneous reactions involving liberation or absorption of
gaseous substances can be evaluated efficiently and precisely providing quantita-
tive data, it is very advantageous to record DTA, TG and possibly also DTG curves
at the same time, thus simplifying the problems connected with the interpretation
of thermal transformations of the substances being investigated [1].

Together with the other thermoanalytical methods, thermogravimetry and
differential thermal analysis belong to a group of methods allowing the basic
kinetic constants of reactions to be derived, namely the rate constant, the activa-
tion energy, the order of the reaction and its frequency factor [2, 3).

Concluded thermal analysis usually yields its results in the form of a diagram;
however, the mathematical description of the relationship is unknown, as is
a detailed interpretation of the results from the physical point of view. The experi-
mentator’s experience is satisfactory for an orientation assessment of the measure-
ment. Computer processing of the measuring results represents a significant im-
provement of the evaluation process. Recently, a great deal of attention has been
paid to on-line linking of thermoanalytical instruments with computers. The
linking being described below is of the passive type, the computer carrying out
data acquisition and processing.
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CHARACTERISTICS OF THE APPARATUS AND THEIR
INTERCONNECTING

The thyristor temperature controller (type 411, Netzsch) is essentially a propor-
‘tional controller regulated by the input voltage signal provided by a thermoelectric
cell attached to the outer side of the furnace winding.

The thermobalance (type STA-409, Netzsch) allows the measurements to be
carried out over the temperature range of 0 to 1000 °C. The modification of the
thermobalance consisted of replacing the TG sample carrier by that intended
for TG and DTA measurements, fitted with PtRh10-Pt thermocouples measuring
the temperature and the temperature difference between the sample and the inert
standard material. The thermobalance produces analog signals of T, DTA and TG,
all within the range of +-15mV.

The channel switch (of original design) contains four relay switches which, on
command from the microcomputer, connects the T, DTA, TG and 0 mV signals
(the last ones for voltmeter calibration) to the input of the digital voltmeter.

The digital voltmeter (type MT-100, Metra Blansko) operates as a -14-bit
A/D converter. The measuring range chosen, 15 mV, provides a sensitivity of
about 1 V.

The microcomputer (type PMD-85, Tesla Bratislava) is a standard 8-bit micro-
computer. It is used to acquisit, process and evaluate the measuring data. Its
peripheries include a printer (type K-6314, Robotron), as a recording output
device, and a floppy disk unit as a data storage medium. Fig. 1. shows a block
diagram of functional interconnection between the devices employed.
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Fig. 1. Block diagram of the tnstrument configuration

SOFTWARE

Two program modules were worked out, one for data acquisition from the
measuring apparatus and the processing of T, DTA and TG curves, and the other
for the evaluation of kinetic constants of the processes involved in thermal de-
composition of the respective solids.
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The program for data acquisition and processing of T, DTA and TG curves was
written in the BASIC/G language, the periphery control subprograms are in the
instruction code. The program consists of individual moduli allowing further
expansion and makes use of the window technique for the selection of commands
and setting of parameters. In its present form, the program controls the following
operations:

— the setting of measuring parameters (name of sample, its weight, room tem-
perature, heating rate, measuring temperature interval, DTA scale, TG scale,
time of sampling);

— the measurement proper. According to the parameters set in advance, the
individual points on the 7, DTA and TG curves are alternately scanned. Follow-
ing their measurement, the experimental points are stored and plotted on the
display;.

— processing of the experimental curves. The curves can be redrawn in any
required scales for T, DTA and TG. The graphic cursor can be shifted along
the entire curve while displaying the actual values of T, DTA and TG. The
graphic plot of the experimental data is supplemented with informative texts
specifying the position and deviation of the curves from the zero line;

— the plotted curves are transmitted to the printer as a hard copy of the display
screen;

— the data from the curves are entered onto the floppy disk and reread for
storage.

The program for the determination of kinetic parameters by means of non-
isothermal thermogravimetry is written in the BASIC/G language. It is again
in modular form ard at present is capable of performing the following functions:
— reading of experimental data from the floppy disk;

— selection of the kinetic equation according to which the experimental data is

to be processed; the choice comprises ten equations [4];

— calculation of the activation energy, frequency factor, the order of the reaction,
the correlation coefficient of Arrhenius relationship;

— graphic representation of the calculated relationships;

— alphanumerical and graphic printing of the results.

RESULTS AND DISCUSSION

To verify the function of the experimental configuration, analyses were made
of calcium oxalate and magnesium hydroxide. The experimental measurements
were carried out at hcating rates of 5, 10 and 20 °C min~! in air atmosphere; the
sample weight did not exceed 40 mg. The various heating rates were used to
establish their effect on the course of thermal decomposition and to determine
the order of the reaction by Kissinger’s method [5]. Figs. 2 and 3. show the courses
of thermal analysis of Mg(OH), and CaC,0, . H;O as an example of the output
obtained from the modified STA-409 apparatus.

The values of the order of the reactions obtained from the DTA curves, ard
those of activation energy and the frequency factor from the TG curve for the
thermal decomposition of CaC;0,.H,0 and Mg(OH), (Fig. 4 and Table I) are
in a very satisfactory agreement with the literary data (Table II).
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Fig. 2. The results of thermal analysss of Mg(OH): as an output of the STA-409 snatrumens
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Fig. 3. The reaults of thermal analysis of CaCy04 . HiO ae an output of the STA-409 instrumens
configuration. ‘
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Fig. 4. The results of thermogravimetric analysss of Mg(OH), under non-ssothermal conditsons of
heassng at a rate of 5 °C min—! calculated by means of Krbger—Zsegler’s equation for the 30 to 80 %
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Table I

An example of of the values determined for the reaction order, the activation energy and the
frequency factor of thermal decomposition of CaC;04 . H,O and Mg(OH);

Thermal decomposition process 'fsﬁge;f El“’JCr? n (kI rfol-l] Ind
030104 . H;O = CaC;O. + H;O 164—205 0.35 71 16.29
CaC;04 = CaCO; + CO 435—443 0.60 215 33.63
CaCO; = CaO + CO; 733—1772 0.61 231 26.59
Mg(OH), = MgO + H.0 3856—394 0.63 117 20.29

Table 11
Thermal decomposition of Mg(OH); and CaC;O4 . H;O — literary data
Determined
Sample Method Author ref.
n |E[kJmol!][ In A4
Mg(OH), DTA Kissinger 0.44 131 15.18 [6]
Mg(OH), TG Gregg 0.66 114 13.26 | [7]
Mg(OH), DTA Koishi 0.99 106 16.84 | [7]
I. CaC;0,4 . H:O DSC Balek 0.34 82 17.64 [8]
II. CaC;0, . H,O DSC Balek 0.568 206 27.11 8]
III. CaC;0O, . H,O DSC Balek 0.69 239 23.36 (8]
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The dispersion of the published values of activation energy established by the
TG method as compared to those calculated from the DTA curves of the experi-
mental samples can be associated with experimental arrangement, the sample
weight, the heating rate, the choice of static or dynamic furnace atmosphere and
its composition. -

It may be concluded that the modified configuration of instruments allows the
results of TG and DTA, obtained simultaneously under identical conditions, to

¢ evaluated in a complex manner. Its use is recommended primarily for orienta-
tion assessment of the processes involved in thermal decomposition of solids and
materials, as well as for approximate calculation of the kinetic parameters
of these processes.
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UPRAVENE TERMOVAHY STA-409/3/6 PRE DIGITALNE SPRACOVANIE
T, DTA A TG KRIVIEK

Stefan Svetik, Peter Kottas
Chemickotechnologickd fakuita SVST, Radlinského 9, 812 37 Bratislava

Na termovéahach STA-409/3/6 firmy Netzsch sme vykonali upravu, ktord spo&ivala vo vymene-
nosida vzorky pre termogravimetricki analyzu (TG) za nosié vzorky pre kombindciu termo-
gravimetricke§ a diferen&ne§ termickej analyzy (DTA) s termoelektrickymi &ldnkami PtRh10-Pt.
(firemny vyrobok). Na zber a spracovanie idajov z experimentu sa vyuZil bezne dostupny mikro-
pocita® PMD-85.

Upravend pristrojova- zostava umoZiiufe komplexné spracovanie vysledkov TG a DTA,
ziskanych simultdnne za rovnakych podmienok. Doporudufe sa predovsetkym pre orienta&né
hodnotenie mechanizmov procesov tepelného rozkladu tuhych ldtok a materidlov, ale a§ k orien-
tadnému vypodtu kinetickych parametrov tychto procesov.

V §jazyku Basic sme vypracovali vypo&tové programy na urlenie aktiva&ne§ energie E, frek-
ven&ného faktora Z a poriadku reakcie n, uvaZujuce rdzne teoretické formdlne mechanizmy
tepelného rozkladu tuhych latok.

Na overenie funkcie pristrojove§ zostavy a programov na vypoget kinetickych konitént sme:
pouiili 080204 . H;O a Mg(OH)z

Obr. 1. Blokové schéma pristrojovej zostavy.
Obr. 2. Vysledky termickej analyzy Mg(OH), ako vystupu z upravenej pristrojovej zostavy STA-409..

Obr. 3. Vysledky termickej analyzy CaCiO4.H,0 ako vystup z upravenej pristrojovej zostavy
STA-409.

Obr. 4. Vysledky termogravimetrickej analyzy termického rozkladu Mg(OH),; v neszotermsckych pod-
mienkach ohrevu 5 °C . min~! poéitané pomocou rovnice Krigerovej—Zseglerovej pre snterval:
konverzie 30—80 9%, .
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TEPMOBECH STA-409/3/6, IPAUCHOCOBJEHHBIE
HOJA OBPABOTKHU T, DTA U TG KPUBLIX

Llitedan Crernk, Ilerep Korram

Car088YKUll ROAUMETHUNECKULL UHCIMUMYM, TUMUKO-METHOR0ZUNECKUL
daxyavmem, Padaunckezo 9, 812 37 Bpamucaasa

Ha tepmoBecax STA-409/3/6 ¢dupmar Netzsch nmpoBesr mprcnocoGireRne, 3aKTm0Ia0Mesc
B 3aMeHe HOCHTeJIA IpPOOH HAIA TepMorpaBEMerpmueckoro avaausa (TG) HocHTenmeM pmia
KOMOMHAIAH TepMorpaBaMeTpriecKoro n AaddepernmasinaQro repMadeckoro agannaa (DTA)
¢ TepmoaitekTpudecknMu mapamu PtRh 10-Pt (m3pennme ¢mpmur). [lia orGopa m oGpaGoTkm
SKCIIeDAMEHTAILHKEIX [AaHHHX HCIOOJB30BAJIA JAOCTYHHHIA B IIPOJAKe MHKPOBHIYHCIIHTEND.
PMD-85.

IIprcoocoGnenEst mpuGOp XaeT BO3MOMKBOCTH KOMIJIEKCHOR 00paGOTKH pe3yJILTaToB
TG n DTA, Hoy9eHHHIX OHOBpPEMEHHO IIPH OJMHAKOBHX YycJIOBHAX. PexoMeHayeTrca ero
ACIIOJIB30BAaHAE Ipesk/ie BCero AJIsA OpHeHTANMOHHON ONeHKHA MeXaHH3MOB IIPOIECCOB TepMH-
9eCKOro pa3iIoKeHAA TBePAHIX BeIMecTB M MATepHAJIOB M [JIA OpHeHTANMOHHOIO pacueTa
KMHeTHYeCKUX IapaMeTpoB JaHHEIX IPONECcCOB.

Ha asuixe Basic paspa6oTaim nporpaMMuI pacieToB, IpefiHA3HAYeHHLIX 1JIA OIpe/ielleHAs
9Hepruu axkTmBanmm E, daxkTopa 4acTOTHOCTH 3 M IIOPAJKA PeAKIMH n, YUATHBaA pa3Hble
TeOpeTHIeCKHe cbopMaJmnme MeXaHH3MH TePMAYECKOTO pa3NoyKeHHS TBepibIX BeIecTB.

Juna npoeepkm paGoTH CONpA/KeHAA NPHOOPOB M IPOTPaMM, npe,masuaqenaux ana
pacuera KHHeTHYeCKMX KOHcTaHT Hcnoiib3oBajiu CaCaO¢. HaO m Mg(OH),.

Puc. 1. Baox-cxema conpaxcenus npu6opos.

Puc. 2. Peayavmambi mepamuueckozo anaaruza Mg(OH); ¢ euae 6612004 U8 CONPAMCECHUS NpU-
6opos STA-409.

Puc. 3. Peayavmamui mepmuxeckozo anaausa CaC;04. HaO ¢ 6ude ewixoda ua conpaxcenus
npubopos STA-409.

Puc. 4. Peayavmames mepmo2paGUCMKEMPUNECKO20 AHAAUIA MEDMUNUECKOZ0  PASAOIKEHUR
Mg(OH): npu neusomepmuneckux ycaosusxr Hazpesa 5° C . muwn . ~1, pacvumakHsie
¢ nomouyvto ypasrerus K pezeposoti-3uzaeposoti npu unmepease xonsepcuu 30—80 %,.
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