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ABSTRACT 

Some quantitative methodsof analysis of mass-spectrometry re- 
sults in combination with simultaneous the~mogravlmetrla analysis 
reeultsureproposed. The studies were performed by mean8 of Uni- 
versal Mettler Thermoanalyser with a Balzere Quadrupole Mass 
Speatrometer for complex reactions In solid - gas system. The 
suggested method enabled to draw some TG curves for partial re- 
actions of a complex process as a basis for kinetic analysis. 

INTRODUCTION 

Simultaneous analyses TG-EGA are of special use when two or 

more gases simultaneously evolve from an examined sample. It is 

known that quantitative analysis of mass-spectrometry results lo 

very difficult. The combination of thermogravimetry with mass- 

spectrometry should enable to analyse the EGA curves quantitati- 

vely. Knowing the courses of the TG curves for one of the pro- 

ducts of each partial reactions one oan make k*aetlc analysis 

of a complex process. 

The aim of our work was to propose a method of plotting quan- 

titative curves for gas evolution in partial reaothnz OS complex 

processes on the basis of simultaneous thermogravimetric and 

mass-speutrometrlc analyses. 

We have been concerned with the follew&mg type of thermal de- 

composition reaction : 

AS + Bs + C -+ Ds + E 
g g * 

/i/ 

BIEMWRING METHODS 

The experiments were carried out w%th-a Mettler Thermoanaly- 

aer TA-I equPpped with E quadrupole Balzem mz8z spectrometer 

Qk= - 101. The results of thermogravimetric analysis, TG, with 

the temperature, T, and pressure, Pc, curves and mass-spechromef- 

tric analysis, EGA, were recorded. The measurements were taken 
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within the temperature range from 298 K to 1850 SC under vaouum 
1.33.10-g kPa at the following heatfng rater : 6,8,10 and 12O/mio. 

The ma66 rpeotre were regirtered at the analyetr rate ly/rr for 

the m8e range of 1 - 60 M/e; the Ionlo ourrent wa8 10" A. Sam- 

ples of iron /II/ oarbonate monooryetal were examined. 

RESUL'FS AND DISCUSSION 

The TO a EGA curves and the PO curve for the thermal deoompo- 

sitlon of iron /II/ carbonate were ueed with the purpose of plot- 

ting curve8 of gaseous produote evolution for the oomplex reae- 

tlon Of the type /I/. Thi8 o8rbOn8te deCOmpOne8, a8 our previous 

studies showed f i 1 , aooording to the reaotion network r 
FeC03 + Fe0 + CO2 -_j, FegOI + CO , 

when fa heeted under vacuum. 

The aurves of partial pressures of CO and CO2 gases evolved 

were drawn on the basis of the EGA result8 obteined at the hea- 

ting rate iO"/min, The Standard Value OS the partial pressure 
wae calculated using the PO ourve and the value of the Ionic our- 

rent. Next, the values of pCo/pCo relation for the narrow time 

Intervals were estimated and the &A 88 1088 corresponded wa8 read 
from the TG ourve. The mass of the CO2 evolved, mCC , W~I¶ oonpu- 

ted ueing the following formula : 2 

/2f 
which has been derived ( I) , aocordfng to the reaotion network 
/I/. The ma011 of the CO evolved, oco, for each ma88 spektrum '08 

evaluated by subtracting the mCo values from the m values. Sum- 

ming up the mCo and mCo value8 
2 within the whole temperature 

range, the ~u8ntitative2~urve~ of CO and CO2 evolution and the 

kinetio ourvea were plotted. The initial EGA curve8 and the cur- 

ve8 of gases evolution for the reaation ooursing at the heating 

rate iOO/mln are presbnted on Fig.1. The same oalculation prooe- 

dure was applied auocessively to the heating rates 6, 8 and 
12'/min. It enabled to make an an8lyals of the kinetios of the 

studied procells because, as shown in the paper (2) , one can uee 

the simple and general methods of oaloulating of the kiuetlc va- 

luea based on the separate thermogravlmetrio analysis a8 a result 

of eeparetlng of eimultaneoua reaotioae. 

A8 8 matter of faot the above method is time-consuming. The- 

refore we have made an attempt to elaborate a method which would 

make use of the same experimental results but be quiok-calcula- 
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I I n~co. Fig. I. 

The EGA and TG curves 

for CO and CO2. 

tlng. It ie known that the mixture ratio may be determined by 

oomparlng the courses of the EGA curves and the amount of the 

gas ia proportional to the area under the EGA curve. Thus, the 

integration of the EGA curves for each mixture component6 over 

the selected time Intervals creates curves which, after summing 

up and recalculating, should give a summary curve conformed to 

the summary TG curve. Identity of both the summary curves within 

the whole temperature range ie to advantage the method proposed. 

The integration of the EGA curves for the CO and CO2 gases / at 

the heating rate iO'/min / over ten-minutes intervals and plot- 

ting the dependence I=f/T/ were performed with.a Hewlett - Pac- 

kard computer. Taking into account the difference in the molecu- 

lar masses of the gases evolved the summation of the curve8 obta- 

ined was curried out and the summary curve was compared with the 

TO curve. The quantitative curve8 of the CO and CO2 gaeea evolved 

and the summary curve are compared with the TG curve at the hea- 

ting rate 10°/min in Fig.?. Ae shown the courses of the TG and 

summary curves are in good agreement to an accuracy of measuring 

error within the whole temperature range. It verifies the augges- 

ted method. The lame procedure of calculation was repeated for 

the other analysee at the heattng rate8 6, 8 and i2’/min and ‘alro 

the eatiafactory agreement watr obtained. In addition the above 

curves corresponded to the retrultr of the method applied previo- 

ue1y. 



- 394 - 

602 700 0m T fK1 

Fig. 2. 
The comparison of the 
summary curve /r / 

with the TG curves. 

CONCLUSIONS 

In the case of thermal deaomposltlon of FeC09 both the sug- 

gested methods yield good results. Besides, the method of inte- 

gration of the TG curves Is less time-consuming. The separation 

of simultaneous partial reactions of a complex process studied 

enables to make use of relatively simple and general methods of 

WalUatfng of kinetic quantities taking advantage of the separate 
TG curves. The quantttative curves obtalmed in our work,whlch 

corresponded to the TO curves for the partial reaotionr, were ap- 

plied to kinetic oharacfeiistic of the studied process. 
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