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The authorB mod,ifi«J, the STA-409/3/6 thermobalance by replacing the 
aample carrier for thermogravimetric analyBiB (TG) by that for comlnned thermo· 
gravimetric and differential thermal analyBiB (DTA), containing PtRhlO-Pt 
thermocouples (commercial product). TM PMD-86 microcomputer, which ia 
currently available on the market, waB med in ezperimental data acquiBition 
curve data was written in the BaBic lafl(IUQ(le, together with program11 for com• 
puti,ig the activation energy E, the frequency factor Zand the reaction order n, 
which con.Bider the variow formal mechani11m11 of thermal decompoBition of 
80lidll by the non·iBothermic method on the baBia of the thermogravimetric cwve11. 

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 [l]. 

Together with the other thermoanalytical methods, thermog1·avimetry 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
ments.tor'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 proceSBing. 
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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 tre furnace winding. 

The thermobalance (type STA-409, Netzsch) allows the measurements to be 
carried out over the temperature range of O to 1000 °0. The modification of the 
thermobalance consisted of replacing the TG sample carrier by that intended 
for TG and DTA measurements, fitted with PtRhlO-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 ±15 mV. 

The channel switch (of original design) contains four relay switches which, on 
command from the microcomputer, connects the T, DTA, TG and O 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 m V, provides a sensitivity of 
about 1 µ.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 
<liagram of functional interconnection between the devices employed. 
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Fig. 1. Block diagram of the instrument configuration 

SOFTWARE 

Two program modules were worked out, one for data acquisition from the 
mflasuring 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/() 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 T, 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 and 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 heating rates of 5, 10 and 20 °0 min-1 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)z and CaC204 • H20 as an example of the output 
obtained from the modifi.eq STA-409 apparatus. 

The values of the order of the reactions obtained from the DTA curves, and 
those of activation energy and the frequency factor from the TG curve for the 
thermal decomposition of CaC201• H20 and Mg(OH)i (Fig. 4 and Table I) are 
ip a very satisfactory agreement with the literary data (Table II). 
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Fig. 4. The reB'Ults of thermogravtmetric analysis of Mg(OH)2 under non-isothermal conditions of 
healing at a rate of 5 °0 min-1 calculate,d by means of Kroger-Ziegler's equation for the 30 to 80 % 

conversion interval.

Table I 
An example of of the values determined for the reaction order, the activation energy and the 

frequency factor of thermal decomposition of CaC204 . H20 and Mg(OH)l 

Thermal decomposition process Temperature E lnA interval [°C] n [kJ mol-1) 

Ca�O• . H20 = CaC20• + H20 164-205 0.35 71 16.29 
CaC20• = CaC03 + CO 435-443 0.60 215 33.63 
CaC03 = CaO + CO2 733-772 0.61 231 25.59 
Mg(OH)l = MgO + H20 385-394 0.63 117 20.29 

Table II 
Thermal decomposition of Mg(OH)l and CaC204 • H20 - literary data 

Determined 
Sample Method Author .ref. 

n IE [kJ mol-1) I In A 

Mg(OH)2 DTA Kissinger I 0.44 131 15.18 [6] 
Mg(OH)2 TG Gregg 0.66 114 13.26 [7] 
Mg(OH)l DTA Koishi 0.99 105 15.84 [7] 

I. CaC204 . H20 DSC Balek 0.34 82 17.64 [8] 
II. CaC20, • H20 DSC Balek 0.58 206 27.11 [8] 

III. CaC204 • H20 DSC Balek 0.59 239 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 
be 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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UPR AVENE TER MOVAHY STA-409/3/6 'PRE DIGITALNE SPR AC OVANIE 
T, D TA A TG KRI VIEK 

Stefan Svetik, Peter Kotte.II 

Ghemickotechnologicka fakulta SVST, Radlinskeho 9, 812 37 Bratislava 

Na termova.hach STA-409/3/6 firmy Netzsch sme vykonali upravu, ktora. epol'iivala vo vymene, 
noeifa vzorky pre termogravimetricku analyzu (TG) za noeil\ vzorky pre kombina.ciu termo­
gravimetrickej a diferenllnel termickej analyzy (DTA) s termoelektrickymi l\la.nkami PtRh10-Pt­
(firemny vyrobok). Na zber a epracovanie udajov z experimentu ea vyuzil bezne dostupny mikro­
pol\ital\ PMD-85. 

Upravena. prietrojova- zostava umoznuje komplexne spracovanie vysledkov TG a DTA, 
ziskanych simulta.nne za rovnakych podmienok. Doporul\uje ea predov§etkym pre oriental\ne­
hodnotenie mechanizmov procesov tepelneho rozkladu tuhych la.tok a materia.lov, ale al k orien• 
tal\nemu vypol\tu kinetickych parametrov tychto proceeov. 

V jazyku Basic sme vypracovali vypol\tove programy na uroonie aktival\nej energie E, frek­
venl\neho faktora Z a poriadku reakcie n, uvazujuce rOzne teoreticke forma.lne mechanizmy­
tepelneho rozkladu tuhych la.tok. 

Na overenie funkcie pristrojovej zostavy a programov na vypol\et kinetickych konllta.nt eme· 
pouzili CaC204 • H20 a Mg(OH),. 

Obr. 1. Blokova schema pristrojovej zostavy. 
Obr. 2. Vysledky termickej analyzy Mg(OH), aka vystupu z upravenej pristrojovej zastavy ST .A-409 .. 
Obr. 3. Vysledky termickej analyzy CaC204 • H,O aka vystup z upravenej pristrajovej zastavy-

STA-409. 
Obr. 4. Vysledky termogravimetrickej analyzy termickeha razkladu Mg(OH)2 v neizatermickych pod· 

mienkach ohrevu 5 °G. min-• pacitane pomocau ravnice Krogeravej-Zieglerovej pre intervaf: 
kanverzie 30-80 % , 
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TEPMOBECbl STA-409/3/6, IlPMCIIOCOE JIE H H blE 
,I(JIH OBPAEOTKM T ,  DTA H TG RPJIBblX 

illTeq,au CBeTHK, IleTep RoTTam 

CA08&1Jll:UU no,11,umexttU'll!CI.UU Uttcmumym, XUMUll:o-mexttOAOeU'll!CI.UU 
¢ai.y,11,bmem, Pao,11,uttci.eeo 9, 812 37 Bpamuc.n,aea 

Ha TepMoBecax STA-409 /3/6 if>upMhl N etzsch npoBeJIH rrp11crroco6neHue, aaKJ11011a1011'eeeJl 
B aaMeHe HOCilT0JIJl rrpo6bl /.1,Jlll T0pMorpaBHM0TpH1I0CKOro aHamrna (TG) HOCHT0JI0M /.1,Jlll 
KOM6nHa[(HH T0pMorpaBHM0TpH1I0CKOro H }:\HcpcpepeH[(IlaJILHOro TepMH'I0CKOrO aHannaa ( DT A) 
C T0pM03JI0KTpll1I0CKHMH rrapaMII PtRh 10-Pt (H3/l,0JIH0 <{lnpMbI). ,I(Jill OT6opa H o6pa60TKH 
3RcrrepHM0HTaJILHhlX /.1,aHHblX HCIIOJIL30BaJIH /.1,0CTYIIHhlH B rrpO}:\aJRe MHKpOBLl'IIICJIHT0.l1h­
PM D-85. 

II pHCIIOC06JieHHbl:ii: rrpn6op /.1,aeT B03MO.lR'hOCTL KOMIIJI0KCHOH o6pa60TKH peayJILTaTOB 
TG u DT A, aony11eHHhlX O/J.HOBpeMeHHO rrpu o;:i;naaKOBLlX ycJIOBHllX. PeKOM0HAYeTcJl ero 
HCIIOJih30BaHH0 rrpe.lR/.1,0 Bcero IJ:Jlll OpHeHTa[(HOHHOH 0[(0HKH MexaHil3MOB rrpo[(ecroB TepMH­
'I0CROro pa3JIO.lR0HHll TBep/.1,hlX B0ll.l0CTB II MaTepnaJIOB II /.1,Jlll OpHeHTa[(HOHHO!'O pac'leTa 
RIIH0Til'I0CRIIX rrapaMeTpOB /.1,aHHhlX rrpo[(eccoB. 

Ha ll3Lme B asic paapa60TaJII1 rrporpaMMhl pac11eT0B, rrpe/l,Haaaa11eHHhIX AJill orrpeAeJieHHll 
,rneprIIII aRTHBa[(HII E, cpaRTOpa 'IacTOTHOCTH 3 H IIOpllp;Ka peaR[(HH n, Y'IHTLIBall pa3Hhl0 
TeopeTil'l0CKil0 q,opMaJihHhl0 MexaHH3Mhl TepMI1'10CK0I'0 paanomeHHH TB0piJ.hIX B0II(0CTB. 

,I(Jill rrpouepm1 pa6oThl corrpll:1K0HHll rrpu6opoB II rrporpaMM, npe.u;uaaua'leHHLIX /.1,JIII 
pac'IeTa RHHeTn'IecRIIX ROHCTaHT HCIIOJIL3oBaJIII CaC20,. H20 II Mg(OH)l. 

Puc. 1. B.n,o,;.-cxe.Ma conps:m:ettu11 npu6opoe. 
Puc. 2. Peay.n,bmam&i mepMU'll!ci.oeo atta.n,uaa Mg(OHh e euoe 11&ixooa u11 conp11:11te1iuS1 npu-

6opoe ST A-409. 
Puc. 3. Peay.n,bmam&i mep.Mu�ci.oeo ana,11,uaa CaC20, . H10 e euoe ewxooa ua conp11:11tettu11, 

npu6opoe STA-409. 
Puc. 4. Peay.n,bmam1,1 mep.Moepaeuc.Mempu"eci.oeo atta.11,uaa mepMu�ci.oeo paa,11,0:,,cettuA 

Mg(OH)2 npu tteuaomep.Mu'll!ci.ux yc.11,oeuAX ttaepeea 5° C . .MUN. -1, pac"umaHH&ie 
c no.MOUfblO ypaeHeH= Kpeaepoeou-3ueAepoeou npu uHmepea.11,e 11:oneepcuu 30-80 %, 
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