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The influences of inactive, flowing atmospheres (noble gases, nitrogen, carbon di- 
oxide, synthetic air) and vacuum (10 -2 and 10 -5 tort) on the thermal decompositions 
of inorganic and organic substances are discussed on the basis of literature and ex- 
perimental data. 

The fact that it is necessary to use a controlled gas atmosphere from the preparation 
of samples up to the study of the mechanisms of solid-state reactions is proved by 
several examples. Results are presented relating to the decompositions of silver(I) 
oxalate, potassium acetate, and a natural mixture of clays and alkaline earth metal 
carbonates, to the behaviour of fl-manganese(IV) oxide and to the low-temperature 
dehydroxylation of kaolin, as studied especially by TG, DTG, DTA and MS methods. 

It is well known that thermoanalysis is far more favourable in a dynamic atmos- 
phere than in a static one. From the point of view of the solid substances the 
dynamic atmosphere can be either active, that is to say it enters into reaction 
with the solid material or with any of the reaction products, or inactive (inert), 
when it can take part in the removal of the decomposition products. The majority 
of papers on thermoanalysis discuss or refer to the chemical effects of the atmos- 
phere. 

Furthermore, the physical effects of a so-called inactive atmosphere may 
influence the morphology of the solid products formed during decomposition, 
the particle size of the samples, the surface area and lattice dislocations, to men- 
tion only the most important. The natures of such effects have not yet been clar- 
ified. 

We shall discuss first of all the primarily non-chemical effects observed in the 
course of our investigations in dynamic, particularly inert gases, and in vacuum. 

The fact that is necessary to use a controlled gas atmosphere from the prepara- 
tion of samples up to the study of the mechanisms of solid-state reactions is 
proved by several examples. 

* Paper presented at the Scientific Session on Thermal Analysis held at Balatonffired, 
Hungary, on 14--16 October 1976. 
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Experimental 

The thermoanalytical investigations were carried out with a Mettler Vacuum 
Thermoanalyzer. This thermobalance operates on electromagnetic compensation 
principles and has a thermostatically-controlled compartment. The whole unit 
is capable of operation at pressures down to 10 -5 torr with the aid of two oil 
diffusion pumps. 

The thermobalance is connected to a Balzers Quadrupole mass-spectrometer. 
Gaseous decomposition products come immediately into the mass-analyzer. The 
vacuum system is a dynamic one and belongs to both the balance and the mass- 
analyzer. 

In every case gases of high purity were used, after further rigorous purification 
and drying. The compositions of the gases were checked by mass-spectrometric 
analysis before their application. 

The particle size of the samples was less than 0.045 mm. 

Results and discussion 

First of all the effects of different gases on the decomposition of silver(I) oxalate 
will be discussed [1 ]. It has been established that the decomposition starts with 
an induction period, its length depending on the "rinsing effect" of the gas applied. 
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Fig. 1. Rates of decomposition of silver(I) oxalate in various gases 
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Fig. 2. Decomposition of  p.a. Mn(NOs)~.xH20 in a derivatograph (by K. Vargha). Sample 
weight: 650 rag; heating rate: 4~ N~ 30 1/h. Processes taking place in the steps: Mn(NOe)=o. 
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Fig. 3. T G  curves af  f l -MnO2 at 10 -5  torr. Sample weight: .-.20 rag; heating rate: 4~ 
/q-Mn02 samples were prepared in a derivatograph: 1. isothermal heating to 140~ 2. heated 

up to 330 ~ in N~; 3. heated up to 445 ~ in air 
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In Fig. 1 it is clearly seen that ~, the rate of decomposition, is proportional to 

II1/M. A small deviation was found only for argon. 
These investigations proved that the various inactive gases promote the escape 

of carbon dioxide from the solid material. Thus, the different rates of decomposi- 
tion process can be explained by the rinsing effect. 
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Fig. 4. DTA curves of potassium acetate samples. Sample weight: ,.,,20 mg; heating rate: 
4~ flow-rate: 78 cma/min 

Figure 2 shows the thermal decomposition of manganese(II) nitrate. It is well 
known that the/?-manganese(IV) oxide obtained is a very important material as 
a semiconductor. The trace contaminants in such material cause serious problems. 

The decompositions were carried out in a derivatograph. The question was 
whther the samples obtained, identified by X-ray diffraction, contain trace 
contaminants or not. 

Figure 3 shows T G  curves of samples of B-manganese(IV) oxide in vacuum. 
The substances were prepared very carefully in a derivatograph, sample 1 by 
isothermal heating at 140 ~ sample 2 by heating in flowing nitrogen at 330 ~, 
and sample 3 in flowing air at an even higher temperature. 
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The X-ray diffraction patterns show the same crystal structure in the three 
cases. In contrast, the T G  curves indicate differences between the samples, in 
particular the first parts of  these curves proving that substances with different 
behaviours were obtained. We assume that this is due to the different preparative 
methods. 

The T G  measurements were supplemented with mass-spectrometric analysis. 
These spectra proved that all three samples still contain some nitrate contamina- 
tion. T G  data showed its amount to be the greatest in sample 1, about 3%. In 
sample 3 only traces of nitrate were found, but the mass-spectra indicated carbon 
dioxide evolution too. It is worth mentioning again that this sample was made in 
flowing air at the highest temperatures. 
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Fig. 5. Decomposition of potassium acetate in different atmospheres and at 10-'~ torr. Sample 
weight : ~ 10 rag; crucible: 0.1 cm a, Pt; heating rate: 4~ flow-rate: 78 cmS/min 

It can be concluded that the atmosphere has a significant effect in the prepara- 
tive method. 

Figure 4 shows DTA curves of potassium acetate. It is known that the "anhy- 
drous" material still contains some water [2]. The upper part of this figure is a 
DTA trace of hygroscopic potassium acetate. The first endothermic peak indicates 
the melting o f  the wet  material. In the second case the substance was placed in 
the thermobalance and subjected to 10-2 torr. After a rather long evacuation no 
weight loss was observed in the T G  curve. The DTA curve has only an endothermic 
course and the melting process naturally did not occur. 
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The endothermic peak at 155-158 ~ is a reversible one. It is known from liter- 
ature data that at the temperature of the second peak the molar volume of potas- 
sium acetate changes. Our investigations in this field are continuing, to elucidate 
the reason for this endothermic change. 

TG and DTG data on the decomposition of potassium acetate in various dynam- 
ic gas atmospheres and at 10 -~ tort indicale (Fig. 5) that there are differences 
between the TG curves in argon and in synthetic air. The first parts of the curves 
relate to the decomposition o f  acetate, and the second parts to the carbonate 
which was the solid reaction product. 

The investigations proved that the carbonate formed decomposes in two steps 
(see the TG curves) in argon and in vacuum. The DTG curve showed the same 
in the case of air. It may be assumed tLat the potassium carbonate obtained has 
an inhomogeneous composilion. The catalytic effect ot the platinum crucible may 
also influence some processes. 

In the following we report some results on a pine natural kaolin [3]. The main 
structural changes of kaolinite on heating are well known: 

A1203.2SiO2.nH20 ~ A1203.2SIO2 
kaolinite metakaolinite ("defect structure") 

2(AleOa,;SiO2) 

2A12Oa.3SiOz 

950 ~ 
2A12Oz.3SiO2 + SiO2 

A1-Si  "defect spinel" 

~ !1~176176 2(Ai203.SiO2) + SiO2 
1 : 1  mullite 

The weight losses of the kaolin samples in various atmospheres, but otherwise 
under the same experimental conditions are listed in Table 1. It can be seen that 
the greatest weight loss occurs at 10-5 torr, and the smallest one in carbon dioxide. 

Table 1 

T G  d a t a  on  k a o l i n  
Sample  weigh t :  ,-, 25 m g  + 0.01 mg  

N 10 mg at  10 -5 tor r  

Heating rate Weight loss at 
Atmosphere ~ 1200 ~ 70 

10 -5 to r t  

Nz 

Synthetic air 

CO~ 

4 

4 
10 

10 

10 

15.86 

12.11 
13.31 

11.23 

9.48 
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These results turned our attention to the possible interaction of carbon dioxide 
and kaolinite. 

Kaolin is known to be a layer silicate. The specific area of this sample is about 
20 mZ/g. This value is not high compared to other types of layer silicates, but 
nevertheless adsorption processes were assumed in this case. However, the proof  
of this supposition needs great care in the thermoanalytical investigations, espe- 
cially after beginning of heating [4]. 

The first aim of our research was to investigate the changes in the kaolinite 
structure below 400 ~ and at 400 -600  ~ [5]. These processes were followed by 
parallel application of TG, IR and X-ray methods (Table 2) in order to determine 
the thermal changes of differently bonded and situated O H -  groups. After heat 
treatment the IR and X-ray spectra of samples were recorded. The weight loss 
up to 400 ~ was very little in both gases, but it was greater in each case when the 
samples were heated in nitrogen. 

Table 2 

L o w - t e m p e r a t u r e  d e h y d r o x y l a t i o n  o f  k a o l i n  

S a m p l e  w e i g h t :  N 100  m g  
H e a t i n g  r a t e :  4 ~  

Temper- 
ature ~ 

250 
300 
350 
400 

425 
450 

Weight loss 7O after isothermal heating 

N2 ,,., 88 cm~min- t  

0.68 
0.77 

2.51 

10.0 

C02 ,~ 90 cmSmin -x 

0 . 5 7  

0 . 5 9  
1 .34  

2 .23  

4 . 2 4  

9 .51 

Remarks 

IR 
X-ray 

IR 

Table 3 

TG and DTA data on kaolin + NaC1 reaction 
Sample weight: ,~ 25 mg. Heating rate: 4~ 

Atmosphere 

10 -~  t o r r  

N2 

Synthetic air 
CO~ 

NaCI 
7o 

5 

5 
10  

5 

5 
10  

Weight loss at  
1200 ~ , 7o 

19.95 
15.15 
16.68 
13.97 
12.52 
12.84 

DTA peak endo 
max. 800 ~ 

(NaCI melting 
point) 

D 

m 

+ 
+ 
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Our experiments on the solid-phase reactions between kaolin and NaC1 in 
carbon dioxide atmospheres resulted in very unexpected observations. Thermo- 
analytical investigations (Table 3) proved that the weight loss is the smallest in 
carbon dioxide gas. Furthermore, it was established by several analytical methods 
that a "high-temperature hydrolysis" occurs during the heating of kaolin and 
NaC1 mixtures. 

The DTA data show that carbon dioxide hinders the dehydroxylation of kaolin- 
ite and the subsequent hydrolysis of NaC1. The TG and DTA results after iso- 
thermal heating of the kaolin and NaC1 mixture are rather surprising (Table 4): 
the weight loss in carbon dioxide was less than 3 ~ up to 850-1050 ~ The samples 
were cooled to room temperature and their high-temperature X-ray spectra then 
recorded. 

Table 4 

TG and DTA data on kaolin + NaC1 reaction after isothermal heating 

Atmosphere 

COs 

C02 

C02 

N2 

Weight of  
sample 

mg 

24.80 

10.07 

13.30 

10.07 

NaCI 
% 

5 

5 

In Heraeus tube-furnace 
t 10001 5 

CO 2 ~, , 
[ 10001 10 

Highest 
tempera- 

ture ~ 

1200 

1050 

t050 

1050 

850 

850 

Weight 
loss 
% 

9.48 

7.14 

2.71 

1 0 . 3 3  

,  oii, 

DTA peak, endo, 
max. 800 ~ 

(NaC1 melting 
point) 

+ 

Remarks 

Without iso- 
thermal 
heating 

X-ray 

Table 5 

High-temperature X-ray data on kaolin sample mixed with 10700 NaC1 and preheated 
in COs up to 850 ~ 

Temperature Phases 

25 
530-- 800 
800-- 1100 

1100-- 1200 

kaolinite, nepheline, NaC1 
-- nepheline, NaC1 
-- nepheline, -- 
-- nepheline, -- mullite 
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From X-ray (Table 5), IR and DT data it is obvious that the kaolinite structure 
was preserved at 850 ~ and the metakaolinite phase did not form. 

It can be concluded that the effect of even a chemically "inactive" gas may be 
of great importance both in the study of the solid-state reactions and from a tech- 
nological point of view. 
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Fig. 6. Decomposition of a natural mixture of alkaline earth metal carbonates and clays. 
Sample weight: ,-,40 mg; crucible: 0.1 cm z, Pt; heating rate: 4~ flow-rate: 78 cmS/min 

Figure 6 illustrates thermoanalytical investigations on a soil sample in argon 
and at 10 -5 torr. The X-ray data prove that this sample contains a great amount 
of non-crystalline and very fine-crystalline compounds. In argon the TG  and D T G  
curves indicate the loss of adsorbed water and the decomposition of various clays 
and alkaline earth metal carbonates. Under vacuum the loss of adsorbed water 
occurs even during the evacuation. Naturally, the substances decompose in a 
lower temperature range than at atmospheric pressure. Otherwise, the D TG  curve 
also shows the two steps of decomposition of double carbonates. The reason is 
the higher thermal resolution at I0 -5 torr. 

The continuous weight loss of the soil sample is in agreement with the changes 
in the mass-spectra at the same temperature. The patterns prove carbon dioxide 
evolution too, its amount being the greatest within the temperature range of the 
decomposition of the alkaline earth metal carbonates. 

Much valuable information was obtained from vacuum thermogravimetric 
investigations when supplemented with mass-spectra. 
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R~SUMI~ -- Les auteurs discutent l 'influence de la composit ion de l 'atmosph6re (balayage de gaz 
inertes, gaz nobles, azote, diozyde la carbone, air synth6tique ou vide de 10 -z et 10 -z torr) 
sur la d6composition thermique des substances inorganiques et organiques. 

Plusieurs exemples montrent  qu'il  est n6cessaire d 'appliquer des atmosph6res de gaz 
contr616es depuis la pr6paration des 6chantillons jusqu '~ l '6tude du m6canisme des r6aetions 
dans l '6tat solide. 

Les r6sultats de l '6tude par  T G - - T G D - - A T D - - S M  de la d6composition de l 'oxalate 
d'argent(I),  de l 'ac6tate de potassium, d 'un  m61ange natural  d'argile et de carbonates alcalino- 
terreux, ainsi que du comportement  de l 'oxyde de mangan6se(IV)-fl et de la d6shydroxylation 
du kaolin aux temp6ratures peu 61ev6es, sont pr6sent6s. 

ZUSAMMENFASSUNG - -  Der EinfluB yon inaktiven s t r6menden Atmosphfiren (Edelgase, Stick- 
stoff, Kohlendioxid,  synth. Luff- und Vakuum (10 -~ und 10 -~ tort)  auf  die thermische Zer- 
setzung anorganischer  und organischer Substanzen wird auf Grund  yon Literatur- und eigen- 
nen Versuchsangaben er6rtert. 

Die Tatsache, dab es erforderlich ist geregelte Gasatmosph/iren angefangen yon der Proben- 
bereitigung bis zum Studium des Mechanismus yon Festphasenreaktionen,  anzuwenden, wird 
an Hand  verschiedener Beispiele gezeigt. 

Die Ergebnisse der besonders durch TG/DTG/DTA/MS-Methoden  untersuchten Zer- 
setzungen yon Silber(I)-oxalat, Kaliumacetat ,  einem natfirlichen Gemisch von Tonen und 
Erdalkal ikarbonaten,  bzw. des Verhaltens yon fi-Mangan(IV)-oxid und der Dehydroxylierung 
von Kaolin bei niedrigen Temperaturen,  werden mitgeteilt. 

Pe310Me - -  Ha ocaosaHtt~r YmTepaTypu~,Ix 14 C06CTBeHH~.IX aKcuepHMeHTa~Hbrx ~aHHLIX 06cyx- 
,~eHO Ba~,I~HrIe HeaKTHBHO~, npoToqno~ aTMOCqbepr, i (6Yiaropo~ribie ra3bi, a3OT, ,qByOKHCb yrae- 
po;xa, ricryccTBermbr~ Bo3~yx) ri BaKyyMa (10- ~ r~ 10- z Topp) Ha TepMnqecroe paaJioxegrte neop- 
ra~i~qecrrix rt opraHnqecKnx Be~JeCTt,. HecKom,rnM~ nptiMepaM~ ~ora3aHO, ~TO Heo6xo~MO 
I'ICnO~na3OBaTb ra30-KonTpoJTrlpyeMyro aTMocqbepy, ria~aHa~t OT noYiyqeHrLq 06pa3ttos ~0 ;13yqe- 
H~i~ MexaHri3Ma TBep~oTeYtr, HI, IX pearua~. Ilpe~cTaBYteHr~i pe3yYtbTaT~,I pa30xo~KerI~a orcanaxa 
cepe6pa(I), arleTaTa Kann~q, rtpi~ipo,aHO~ CMeCH MHHepaY~oB r~ Kap6ouaTOB meYtOqHO-3eMeabnl, IX 
MeTaaaoa, home,earle fi-~ayoratc~i Mapramm(IV) H rm3ro-TeMnepaTyprtoe ~ern~poI(cHar~po- 
aarme ~aonuHa, n3y~ieHmotx rnaam,iM o6pa3oM MeTO~aM~ TF, ~TF,  ~ T A  n Macc-crIe~xpoMeT- 
pl, IqecK~i. 
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