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OL% THE DIAT~AL CALOR~E~RY TI3EORY 

Yu.A.Kocherzhinsky, V,Z.Turkevich, Institute 

for Superhard Material3 of the Academy of Sciences 

of the Ukrainian SSR, Kiev, USSR 

The calculations fur the three diathermal calorimeter designs 
are given and their merits and dismerits are compared. The recom- 
mendations for the embodiment of the respective designversions 
are proposed. 

INTRQDUCTIOM 

The calorimetric measurements under high temperatures involve 

grave experimental problems. At above 1400 K the correct thermo- 

dynamic properties evaluations are possible only with the drop 

calorimeters which require, however, considerable labour consum- 

ption for the experiment executian flf_ The low cost of the equip- 

ment and the labour cons~~t~~n required for the experiments of 

thia kind call forth numerous endeavuurs to derive the calorimet- 

ric information from the DTA curves /2,3/. The wide application 

of such an approach to the calorimetric measurement is restricted 

by rough assumption which one is compelled to accept for the des- 

cription of phase transitions. The problems mentioned may be sol- 

ved, in part, by the usage of diathermal calorimetry which combine 

in itself the advantage of the express and cheap analysis with 

that af the correct phase transition description /4/. 

THE MAT~~T~CAL MODEL 

The description of t‘ne heat exchange process taking place bet- 

ween the diathermal shell, the surrounding medium and the calori- 

metric cells containing the test and reference substances, the 

latter being simulated by solids of concentrated parameters, in- 

volves heating in which the temperature difference between the 

external and the internal diathermal shell surfaces near the sa- 

mple is held constant, Tex -Ts=const. Then, for the entire process 

duration, independently of the process taking place in the test 

substance, $ = 'Lr2 =v3 =..,= v,=v where zr‘= 5; and '*i* is 

the measurement site, 
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If the diathermal shell contains only 

with the test substance, then the heat 

be: 

a calorimetric cell 

balance equation will 

dQe 
+ m.shcshv+ dr (I> 

where d. is the proportional constant, m is the mass, C is the 

specific latent heat oftransformation, Ql is the heat losses, the 

subscripts being: s - sample and sh - shell. When the transfor- 

we obtain: 

(2) 

(3) 

T ex-Ts and v should be measured for each experiment cycle and 

Oc * ql’ mshCsh are defined in the calibration experiment using 

the reference substance and empty calorimetric cell. 

At d$ #O: 

o((T,,-<)= d;F'+ ~,&h~+$, (4) 

and the phase transition enthalpy hHpt is defined by the expres- 

sion: 

(5) 

Thus, whz$using one calorimetric cell containing the test subs- 

tance it is necessary to construct the temperature dependence for 

three empirical values: G(. , ql and mshCsh. 

When applying the differential-type calorimetry an empty cell 

x along with the cell containing the test substance are placed in- 

to the diathermal shell. The thermal balance equation for the first 

is written.as follows: 

Assuming that C% , mshCsh, ql are equal for both cells, we sub- 
tract the equation (6f from the equation (I): 

The equation (7) allows to exclude the entities ql and mshCsh from 

the further consideration. 

Con&der the case of dT= , * 0 then: 
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(8) 

The value of the phase transition enthalpy 

type diathermal calorimeter is defined by 

aHpt = Jzd[TjX -T,)dT 
zct 

for the differential- 

the expression: 

(91 

Thus, when-ksing two calorimetric cells, one containing the subs- 

tance to be assessed and one empty, it is necessary to deduce the 

temperature dependence for one empirical value,o( , only. Such 

calibration is carried out in the experiment using the reference 

substance. 

The output of the diathermal calorimeter could be raised by 

combining the calibration experiment in which the reference is 

used with the routine. For this end an additional cell containing 

the reference substance is placed into the diathermal shell, the 

heat balance gquation of the cell being: 

(IO) 

where the subscript @'r" relates to the reference substance, By 

subtraction equation (6) from equation (10) we obtain: 

(11) 
dm 

When the phase transitions are absent ( d =O) it follows from 

the equations (11) and (7): 
dr 

The expression for the value of the phase transition enthalpy re- 

tains the form (9) in which the coefficient o( could be derived 

from the equation (11): 

(13) 

or from the knti phase transition enthalpy values for the refe- 

rence sub&&?&?. 

The ds&geM of the diathermalcalorimeter of one, two and three 

cells are in Figs. I,2 and 3, respectively. 

CONCLUSIOE 

The dis&Van&@e 8$ the one-cell diathermal calorimeter consis- 

ts in the nide‘&&t$ of hbsequent experiments involving the test 
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Fig.? Scheme of one - cell dia- Fig.2 Scheme of two-cell dia- 
thermal calorimeter l 

thermal calorimeter 

and the reference substancestand 

r x Sex 
empty cell that may lead to a ra- 

ther inaccurate repeatition of the 

heating comditions, In the case 

of two - and, especially, three 
cell-type diathermal calorimeters 

the identical thermal resistances 

of the calorimetric cells relative 

to the diathermal shell are.stric- 

tly required. Moreover, the liml- 

ted dimensions of the hdgh tempe- 

Fig.3 Scheme of three-cell dia- rature unit call forth des$gmpro- 

thermal calorimeter blems in providing for the moni- 

toring unit a sufficient tempera- 

ture difference between the exter- 

nal diathermal shell surfaces. 
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