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A measuring technique has been developed whereby thermodilatometric examina- 
tions can be carried out at a strictly constant rate, slower by one or two orders of mag- 
nitude than that of conventional measurements. Under the special conditions the tem- 
perature of the sample changes in a special way. The TD curve recorded as a function 
of this temperature yields new information about the kinetics and mechanism of the 
structural changes taking place within the sample. 

On the basis of  favourable experience gained with our earlier quasi-isothermal 
and quasi-isobaric thermogravimetric [1, 2] and the simultaneous thermogravi- 
metric and thermogastitrimetric [3] techniques, we developed a new method [4] 
with the help of which thermodilatometric (TD) examinations too can be carried 
out under quasi-isothermal conditions. We set out from the idea that not only 
the courses of  those decomposition reactions which can be examined by TG  may 
be influenced advantageously by the quasi-isothermal heating technique; favour- 
able effect could also be exerted upon the performance of  all those processes 
which can be followed by TD, e.g. solid-phase reactions, changes in crystal mo- 
dification, or recrystallization, if in a similar way the rate of  transformation is 
decreased by one or two orders of  magnitude. 

The principle of  the device suitable for the performance of such examinations 
is shown in Fig. 1. The sample, compressed into a tablet (1), is situated between 
a stationary quartz rod (3), fixed to the column of  the balance, and another mobile 
quartz tube (2), fixed to the balance arm. Accordingly, the magnitude of  the electric 
signal induced in the differential transformer (9) upon the moving of  the balance 
arm is proportional to the change occurring in the length of  the tablet, while the 
signal of  the deriving system consisting of  a magnet (8) and coil (7) is proportional 
to the rate of  the changes taking place in the length of  the test piece. Thus, if  the 
conventional dynamic heating programme (D) is applied, the recording device (10) 
records the conventional dilatation curve (TD) and its derivative (DTD). 

If  we wish to apply the new quasi-isothermal heating technique (Q) instead of  
the dynamic heating programme, then we couple the deriving unit (7, 8) by means 
of  a switcher (14) with a sensor-controller (12), instead of  the recording device (10), 
as shown in Fig. 1. With the mediation of  the heating programmer (13), the sensor- 
controller reduces the voltage of  the heating current every time the voltage of  the 
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derived signal, i.e. the rate of  the process, reaches a minute threshold value, aiad 
immediately increases the voltage again if the rate of  the process drops below 
this value. In this way a difference can be established between the furnace and 
sample temperatures such that the changes in the size of the sample, i.e. the process 
examined, should take place at a minute and constant rate. As a consequence, 
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Fig. 1. Derivatograph for quasi-isothermal TD and TG resp. and dynamic TD, DTD and TG, 
DTG resp. 1. Testpiece, 2. silica tube, 3. silica rod, 4. furnace, 5. thermo-couple, 6. flexible 
conductor, 7. coil, 8. magnet, 9. differential transformer, 10. recorder, 11. chart, 12. sensor- 

controller, 13. heating programmer, 14. switcher 

the temperature of the sample changes in a special way. As Fig. 2 shows, in the 
case of the TD curve recorded as a function of this temperature curve, the rate 
of  the process is the independent variable (see curve 2), while the temperature 
(curve 1) is the dependent one, i.e. the situation is just the reverse of  that for 
conventional TD curves. 

The dynamic and quasi-isothermal TG curves can be traced in similar way in 
a second experiment by applying a new sample. The only difference is that the 
compressed sample (1) does not lean against the fixed stationary quartz rod (3), 
and as a consequence the balance, not hindered in its moving, measures the weight 
change of the test piece and not the changes occurring in its length. 

The TD curves of  Fig. 2 demonstrate the process of spinel formation in the solid 
phase between ZnO and FezO3 as functions of  time (curve 2) and temperature 
(curve 3). According to curve 4, the length of the tablet, compressed from powdered 
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ZnO and Fe20 3 mixed in stoichiometric proportions, increased by about 2.7 
between 570 and 700 ~ while between 700 and 1000 ~ it decreased by about 5 ~ .  
These processes can be interpreted more easily on the basis of Fig. 3. 

As long as forty years ago, Hiittig [5] thoroughly studied the s0]]d-phase 
reaction between ZnO and F%O~ and stated t~at the transformation begins already 
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Fig. 2. TD, DTD and T curves of Fe~O 3 -t- ZnO mixture traced under quasi-isothermal heating 
conditions. Curves 1, 2 and 3, traced against time, curve 4. against temperature 

at about 300 ~ though only in the surface layers of the grains. The results of his 
various examinations, which are also indicated in Fig. 3, serve as a proof of this 
finding. Hiittig examined the changes at increasing temperature in the catalytic 
effect of the mixture of ZnO and Fe20 3 upon the reaction CO + 0.5 02 = CO 2 
(curve 1). Curve 2 represents the variations in the adsorption capacity of water 
vapour, curve 3 those in the magnetic susceptibility, curve 4 those in the specific 
weight and curve 5 those in the intensity of the characteristic X-ray line of 
ZnF%O4. 
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Fig. 3. Various changes during spine/l-formation. 1. Catalytical effect of  the mixture exerted 
upon the reaction CO q- O. 5 02 = CO2, 2. variations of the adsorption capacity of water 
vapour, 3. variations in magnetic susceptibility, 4. changes in specific weight, 5. changes in 
intensity of the X-ray lines of ZnFeoO4, 6, 7 and 8, TD curves obtained under quasi isothermal 

(Q) and 9. under dynamic (D) heating conditions, 10. D T A  curve 
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Fig. 4. TD and TG curves of CaC2Oa,H=O. Curves 1 and 3 traced under quasi-isothermal (Q) 

and curves 2 and 4 under dynamic (D) heating conditions 
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The second period of the transformation, in which directed volume diffusion 
already plays the main role, begins at 570 ~ . This latter process can be followed 
by the quasi-isothermal TD method. Both, the curve obtained by using dynamic 
heating (curve 9) and that traced under quasi-isothermal heating conditions 
(curve 8) indicated a significant expansion of the test piece between 570 and 700 ~ 
It is noteworthy that this process began at nearly the same temperature as that 
at which the contraction of F%O3 started (curve 7) when, through self-diffusion, 
the recrystallization of Fe203 began, i.e. its lattice elements became mobile. 
Fe20 3 was prepared from F%Oa �9 H20 by heating at a temperature not higher 
than 600 ~ in order to avoid recrystallization. 

The process of spinel formation ended at about 700 ~ Thereafter, as curves 8 
and 9 illustrate, the test piece began to contract; this can be explained by the 
recrystallization of the sample, i.e. the "mending" of the defective sites in the new 
phase. 

In the temperature interval 500-700 ~ there is a certain difference between the 
courses of TD curves obtained under dynamic and quasi-isothermal heating con- 
ditions, indicating that the variation in the heating rate influences strongly the 
rate of spinel formation and only slightly the recrystallization process. Figure 4 
depicts the TD and TG curves of CaC204 �9 H~O obtained under the conditions 
of the two different kinds of heating technique. 

As the TG curve (curve 4) shows, the material lost its crystal water content at 
about 200~ according to the TD curve (curve 2), this caused the expansion of 
the test piece in contrast with expectations. 

When dynamic heating was applied, the changes in weight and volume due to 
dehydration occurred in a temperature interval extending over ca. 100 ~ In contrast 
with this, under quasi-isothermal heating conditions (curves 1 and 3) the trans- 
formation took place at the strictly constant temperature of 150 ~ . For both, the 
TG and TD curves, the spontaneous stabilization of the temperature proves that 
under given conditions the partial pressure of water vapour stays constant in the 
vicinity of the solid phase even if the material is examined not as a powder sample 
[1, 2], but as a compressed test piece. However, it also proves that the progress 
of transformation is influenced solely by the heat transport, i.e. by a physical 
process independent of the changes taking place in the concentration of the mate- 
rial, and thus the reaction is of zero order. 

It is also noteworthy that the courses of the corresponding TD and TG curves 
are strictly parallel. This indicates that if the changes in the volume of the sample 
were the result of several processes (changes in crystal structure, formation and 
growth of the nuclei of the new solid phase, recrystallization, etc.) the partial 
processes would not have separated even if the rate of transformation had been 
reduced by several orders of magnitude. 

From this aspect the situation is just the reverse with the decomposition of 
CAC204. The TD curves show the decomposition of anhydrous CAC204 to be 
a several-stage process, while the TG curves represent it as a strictly one-stage 
reaction. According to curve 3, the decomposition of the material took place 
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at 380 ~ This coincides with the first shrinkage-indicating period of curve 1. The 
second shrinkage-causing process takes place at significantly higher temperature: 
570 - 700 ~ It can be stated with great probability that in this temperature interval 
calcium carbonate underwent recrystallization. The two processes can be distin- 
guished clearly only in the TD curve obtained by using the new measuring 
technique. 

The TD curves do not indicate the decomposition of  CaCO3 at all. This is in 
accordance with earlier topochemical observations, according to which CaO, 
"remembering" the compound from which it was prepared, exhibits different 
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Fig. 5. TD and TG curves of BaCI2.2 H~O. Curves 1 and 7 traced under dynamic, curves 2, 3, 4, 
5 and 6 under quasi-isothermal heating conditions 

chemical and physical properties f lom case to case. A simple explanation of this 
phenomenon is that the new solid product preserves the shape and size of  the grains 
of  the starting compound. Since the recrystallization of CaO takes place above 
1000 ~ , it could not be observed in the given case. 

Figure 5 demonstrates the TD and TG curves of BaCI., �9 2 H20 obtained under 
the conditions of  the two kinds of  heating technique. According to the TG curves, 
the sample lost its crystal water content up to 300 ~ . Thereupon, as shown earlier 
[6], between 300 and 800 ~ a recrystallization process took place. Finally, before 
melting at 960 ~ the material underwent a modification change at 920 ~ Of  these 
processes, the recrystallization deserves special attention. 

Curve 2 was obtained in 2000 minutes under the application of  the quasi-iso- 
thermal heating technique. In this way the recrystallization took place about 50 
times more slowly than in the case of  curve 1, which was obtained by using a 
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dynamic heating rate of 10~ Despite this circumstance, the courses of the 
two kinds of TD curve were nearly congruent. This proves that in the range investi- 
gated the course of the recrystallization was independent of the rate of the changes 
occurring in the sample temperature. However, this apparent contradiction be- 
comes understandable if we consider that the rate of the directed diffusion, which 
makes rearrangement of the lattice elements possible, as well as the rates of nucleus 
formation and nucleus growth, which establish the formation of the new inner 
order, are in exponential relationship with temperature. Consequently, at every 
temperature the state which corresponds to the actual temperature is rapidly 
established. 

Apart from the fact that the closest causal relationship exists between tempera- 
ture and the progress of recrystallization, other proofs can also be found in curves 
3, 4 and 5. These TD curves were traced on three successive days, the examination 
having been interrupted every evening and continued the next morning. The curves 
prove that the recrystallization process continued at the point where it had been 
stopped the previous day. This means that in every period of the recrystallization 
a certain temperature is necessary for the beginning of the process. This temper- 
ature value depends on the actual dispersity degree of the material and inner order 
of its grains. If the material has already attained a defined degree of rearrange- 
ment, then a higher temperature is necessary for the further increasing of this 
order. 

The authors thank  Prof. E. Pungor  for his interest in this work, and Mr. M. Arnold for his 
valuable help. 
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Rt~SUMI~ -- Les auteurs ont d6velopp6 une technique de mesures qui permet d'effectuer les 
examens de thermodilatom6trie h une vitesse strictement constante et inf6rieure, de un h deux 
ordres de grandeur, h celles des mesures conventionnelles. Suivant les conditions particuli6res, 
la temp6rature de l '6chantillon varie d 'une fagon d6termin6e. Selon l'exp6rience, la courbe TD 
enregistr6e en fonction de la temp6rature, donne des renseignements nouveaux sur la cin6tique 
et le m6canisme des changements structuraux qui se produisent  dans l '6chantillon. 
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ZUSAMMENFASSUNG --  Die  A u t o r e n  entwickel ten  eine MeBtechnik  ftir t he rmod i l a tome t r i s che  
U n t e r s u c h u n g e n  bei s t reng  k o n s t a n t e r  Geschwindigkei t ,  welche u m  ein bis zwei Gr6Benord-  
n u n g e n  l a n g s a m e r  ist  als die der  t iblichen M essungen .  D e n  besonde ren  Bed ingungen  gem~i8 
/indert sich die T e m p e r a t u r  der P roben  in e iner  be sonde ren  Weise.  Lau t  E r f a h r u n g e n  gibt die 
als F u n k f i o n  dieser T e m p e r a t u r  aufgezeichnete  T G - K u r v e  neue  I n f o r m a t i o n e n  tiber Kine t ik  
u n d  M e c h a n i s m u s  der  S t r u k t u r ~ n d e r u n g e n  im Inne ren  der Probe.  

Pe3mMe - -  ABTOpLI pa3pa6oTa3H TeYmHxy H3MepeHHI~, C IIOMOILrbIO KOTOpO~ MoryT 6BITS BBI- 
//03]HeHBI TepMo)~PIJIaTOMeTpHqecKHe kiccae~oBaHH~[ rtpH cTporo IIOC~O~IHHO~ cRopocTH, KOTOpa~ 
na  O~HH HY/H )~Ba nops~Ka Hrore no  cpaBHeHH~O C O6BI~BIMH H3MepeHY~MH. Cor~acHo cneun-  
~OH*teCRrlM yCJIOBn.'~M TercmepaTypa 06pa3t~a PI3MeH~eTcs OCO6BIM nyTeM. Cor~acHo 9Kcl]epH- 
MerITy, I(pHBBIe T ~ ,  perHcTprlpyeMbie r a t  qbyaima~ 3TO~ TeMrlepaTypbi, ~aroT I~OByro rIH~OpMa- 
/2HIO O KHHeTHKe H MeXaHH3Me CTpyrTypHl~IX H3MeHerln~ BnyTpn 06pa3IIa. 
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