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Note -- - 

Effect of & sample thermal condktivity 
hn the calibration constant in differential 
thermal anagysis 

It has been shown by a number of workers1-3 that the a&a of a -DTA peak 
which is defined by the integrai 

A= I ATdt [degsec] (1) 

is directly proportional to the heat of process in study 

Apparatos-constant K is for a giyen tempexature constant, ZO, is the mass of the 
reactive compo&nt in the sample and q is the heat of reaction per ‘&am of reactant_ 

The calibration constant depends not only on the geome&al arrangement of 
the sample and the refizrence, but also on their thermal properties4. 

The classical method for the calibration of a DTA apparat& re@ires several 
runs using substances with known heats of transition”, measurement of’peak 
areas A and consequent CaIculation of K Another more accurate method is based on 

an electScal generaGon of heat in the sampXe**~. All these methods, however, assume 
that % is a mere function of tern- but the thermal conductivity of the sampIe 
dependsal&onthenatureoftfiesample-llermal conductivities of metals are two 

orders greater than those of ionic crysta&, One order difference in the &x&l 
_conductiv@ can be found for a powder and contin+s solid-materials, The ti of 
our contr%ution~is to show -that this e&&t is serious &ix&$ tic. cannot be epiy 
llegh&& ‘- 

^ 

BTAL 

&fm .- . __ . . 

For our study the pliask transi~on of iron sulphide (FeS) was choosep: Samples 
having. the value of thermal c&dnctivity -in. a wide region ‘we& p&p&d bi .using: 
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(a) compact FeS; (b) powder bed of FeS with d.i&rent distributions of particle sire; 
(c) mixtums of powdered FeS with SiO, (aerosil); (d) powder bed of FeS, the pores of 
which fWd with liquids of difkrentcoefficient of the thermal conductivity (in thiscase 
the hydrothermal modification of differential thermal analysis was employed),‘o 

To reach a high thermal conductivity the melting of indium was used as it 
proceeds nearIy at the same temperature as the transition of FeS. 

iUeosuring&vices 
Threz types of specimen holders were used (see Fig. 1). 

The constant heating rate of IO”Cmin-’ was controkl by the commercial 

Netzsch (GER) temperature programme controlkr For the ‘AT vs. t recording 
(where ATis the temperature Werence between the sample and the reference and t 
is time) a high quality potentiometric recorder was used, 

a C 

Fig. 1. Ihe sampk’holdm for DTA. (a) = DDK; 6) = Ni-bbck; (c) = chambers divided by a wall. 

The refaence mater% was either powdered a-Al,Os for the investigation of 
FeS-transition or pure Sn in the case of mehing of indium. The baseline of alI 
recorded curves was a. horizontal &might- line so that the values of peak areas 
(deg.s@ were determined without any difikulties. 

-Thermochemical properties of bo’th materials used were taken from Table 1 I’_ 

TABLE 1 

AZ?(JnwZ-‘) T(g) ~0 (JmoZ-' K-‘) 

FCS 23% 411.1 21-70-L1105 1O-s T 

In 3.26 429.3 21_50- 1755-!a-"T 

For the detekmina tion of the heat transfer coe!iicient the method described by 
Baumgartner’” aud Bohon= was applied. It assumes that at the moment when t-he 

top-of the DTpI peak is_reached the studied process is fin&he& The decay of the curve 
to the baseline can then be d&bed by Newton’s cooling law 

(3) 
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where AT is the dif%erence between the temperatures of the sample and the reference, 
S’ is the coefficient qf heat transfer, .zn is the ma+ of the sample and cr, is the spe&ic 
heat, 

Integrating eqn (3) we obtain 

IogAT= - 5 t-+a 
LOEP 

where a is an integration constant. Hence the plot of log ATvs. time yields a straight 
line, the slope of which equals -X/zucP. 

The value of S caIculated from this slope is &rec&ly proportional to the value 
of calibration constant as determined through the peak area measmu ment. This is 
because both values are proportional to the thermal conductivity of the sampIe. 

RBULTSANDDJSCUSSION 

The plot of Kvs- S given on Fig 2 illustrates &r experimehtal measumments 
on three types of the sample holders shown in Fig i_ It can be seen that only for the 
DDK system the. czaliition constant is practically independent of the thermal 

Conductivity _of the Sample, Using the other system of experimental arrangement 
(Fig_ lb and c), the vahre of K is variable and must be determined for each type of 
m&r& by a new ca3iion procedure; 

On the other hand we can &serve that the DTA p&k itself gives sufEcie& 
information for the determination of K if the heat capacity of the sampie is known 
The decay period of the DTA peak provides the value of 2 and from the plot K vs. S’ 
the corresponding value of K can then-be established, Therefore, a single DTA run is 
sufficient to c&y out a quantitative measurement. 
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