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A technique was developed to determine mixing enthalpies in bi- 
nary and ~lticomponent systems within 300-13OOK by means of quan- 
titative DTA method: 1) by direct mixing of liquid components; 
2) by dissolving a solid component in a liquid one: 3) by dropping 
a solid volatile component, thermostated under standard conditions, 
into a melt of other components. 
of ratio of components masses, 

We also investigated the influence 
a form and sizes of DTA cell on rep- 

roducibility and reliability of the results obtained. Mixing enthal- 
pies of tellurium with gallium, germanium, tin, lead, as well as 
mixing enthalpies in quasi-binary and ternary systems were obtained, 

Mixing enthalpies are basic thermodynamic characteristics of 

melts, since their value is directly bound up with energies of 

interatomic interactions. A principle source to obtain reliable 

data is yet an experiment. Rut measurements of melts formation 

enthalpies by means of conventional thermodynamic methods is a 

difficult experimental problem requiring a lot of time and expensive 

materials. A quantitative DTA method allows to determine mixing 

enthalpies both in binary and multicomponent systems relatively 

simply and with little time expenditures. 

We designed a quafititative DTA apparatus f7/ avid developed a 

technique to determize mixing e-nthalpies in binary /2/ and terzary 

systems /3/, Here we took into.consideration practical a.?d theoreti- 

cal propositions, described in papers of Dobovosek /4/, Ozawa /5/, 

Smajic /6/. In the developed quantitative DTA method in order to 

study thermodyilamic properties of metal and semiconductor systems 

withi.L 300-1300K transitions or reactio!?s heats are determined by 

the equation /7/ IIIAH = K*A where m is the sample mass, in which 

a traflsition takes place, AH is the elthalpy of this trakzsition, A 

is DTA curve peak area, corresponding to the transition, and X is a 

proportionality consta~~t. When working with metal samples we use 

juartz (or graphitized if necessary) sample and reference holders. 

1:~ this case heat conductivity of the sample is considerably higher 
'~wwdings of lCTA 85, Bratislavd 
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than thai of the material of the sample holder and proportiofiality 

constant K may be considered as a function of the temperature only 

(if geometric parameters are not changed) /8/. Determination of K 

was done on melting heats of Ia, Sn, Bi, Pb, Te, Sb, Ge, Ag. When 

junctionsof a differcatial thermocouple are located in the center 

of the sample and reference, K dependence is given by the equation, 

obtained by a least squares method for 300-1300K (J/cm*): 

K = -10.135 + 5.171'10'*T - 8.420'10-5T2 + 4.142'10-8T3 + 

+ 2.120'10-'IT4 - 2,348'10-14T5 

A sample mass for the apparatus calibration, determi:lation of tran- 

sition heats and melts formation enthalpies amounted to 0.3g. The 

speed of the recording instrumeflt diagram band was 1800 mm/hr. The 

apparatus sensitivity was 0,1cm5/J, if determined by the equation/5/: 

J = +_ _ = ++_ = __;%_ 
s AFI S4 

where m in g, A in cm*, AH in J/g, V, is the sample volume, cm3, 

_f, is the sample density, g/cm3. 

I:? order to determine melts formation enthalpies from liquid 

components bydirect mixing we used a quartz cell /9/, which consis- 

ted of two parts cofinected by vacuum sections. The cell design 

allows to conduct experiments in vacuum or inert atmosphere (during 

mixing the cell is filled with argon after evacuation). A fusible 

componeat A was placed on the bottom of the cell and a more refrac- 

tory element B was placed above the cell narrowing and was separated 

from component A by a quartz jacket of a thermocouple, functioning 

as a breechblock. The internaldiameterof the cell narrowi:lg equals 

to the diameter of the thermocouple jacket. Mixi:?g of the compolze.lts 

is done by liftiag the thermocouple jacket. When determini.ng mixing 

enthalpies in A-B-C ternary system we first measured mixiag enthal- 

pies of A and B components and then mixing enthalpies of this melt 

with C component. An error in determilzation mixi,lg enthalpies by 

this method does not exceed 23% for binary systems and 25% for ter- 

nary ones. By direct mixing of the compoflents we determiLled melts 

formation enthalpies of a number of binary (gallium-germanium, 

indium-gallium, selenium-tellurium, indium-tellurium, etc.) and ter- 

nary systems (germanium-gallium-antimony, germanium-lead-tellurium, 

etc.)/lO/. The tables give experimental data on determination of 

mixing enthalpies in quasi-binary systems GeTe-Ga2Te3 and PbTe-SnTe. 
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Table 1. Mixiag enthalpies of germanium telluride and gallium 

telluride melts at 71OOK 
_ ~~~~ 

Compoilefit masses Composition 2 aHmix 24% 
GeTe Ga2Te3 at.% GeTe 

A, cm2 K, J/cm kJ/mol 

0.0281 O-2718 21.2 2.0 0.59 1.8 

0.0353 0.2700 25.7 0.77 0.0485 0.2508 33.5 ::: 0.59 ::: 
0.0752 0.2250 46.5 6.9 0.77 6.6 
0.0934 0.2063 54.1 0.59 6.4 
0.0984 0.2019 zti*; Z 0.59 5.9 
0.1296 0.1705 1.34 
0.1492 . 0.1511 72:O E 1.34 2:: 
0*1617 0.1385 75.3 2.4 1.34 3.0 

Table 2. Mixi.vlg enthalpies of lead tclluride and ti:i telluride 

melts at 1225K (K = 0.63 J/cm2) 

Compoaent masses Composition A, cm2 aH 
mix 24% 

FbTe SlTe at.% PbTc J/ml 

0.0401 0.2580 10.3 0.65 180 
0.0928 0.2070 24.8 1.0 280 
0.1641 0.1357 43.3 1.2 
0.1678 0.1241 49.9 1.2 ii:: 
0.1897 0.1086 56.5 1.0 320 
0.2760 0.0857 65.0 0.90 230 
0.2390 0.0498 77.9 0.50 170 

In a number of cases mixing of liquid components is difficult 

because of a high volatility of o.ie of the compoilc:clts at mixing tem- 

perature, Here oi?e faces with errors , which cazzot be evaluated. 

They are due to indeterminacy of the volatile component mass. In 

order to avoid these difficulties we have developed two techniques: 

1. Solution of a more refractory compolle:lt at temperatures along 

the liquidus Line. Here we USC the same cell as in case of direct 

mixing of liquid comporlents. Refractory component B is mixed with a 

liquid compo:lent A at the temperature of 20-30X which is higher the 

liquidus temperature for this compound. A liquid melt formation 

enthalpy is calculated by the followijring equation: 

sol melt 4Htii = AH~ ifi A - XAH* 

xhere x is a mol part of B component, oKplt is B component melting 

,t.eat at the solution temperature. An error in determination mixing 

i\lthaIpies by this method does not exceed 5%. Mixing enthalpies of 
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germanium-tellurium system /II/ determined by this technique agree 

with the data of Bergman and Castanet /12/. 

2. Dropping technique. To determine mixing enthalpies by this 

technique we constructed a special cell /9/. Component B having a 

high vapour pressure at mixing temperature (which is usually more 

than 30K higher than the liquidus maximum temperature in this sys- 

tem) is thermostated at 298K in a branch pipe of the upper part of 

the cell, and when the mixing temperature is reached it is dropped 

into A component melt. When using this technique as well as during 

the apparatus calibration the total sample mass was 0.6g. Determina- 

tion of constant K as a temperature function was carried out by drop- 

ping tin (or tungsten) thermostated at 298K into a melt of tin with 

the temperature from 510 to 1250K. We tried to find out whether 

constant K determined by this technique depended on the ratio of 

masses of thermostated and melted parts of the sample. It was stated 

that K did not depend on the ratio of these masses (the masses were 

changed from 0.0500 to 0.5OOOg respectively) within 2.5% error in 

its determination. By means of this technique we determined mixing 

enthalpies in gallium-tellurium, tin-tellurium systems/l3/. The 

obtai;zed results coincide with calorimetric data within 6% error/l4/. 

Thus, the developed method of quantitative difFcrenta1 thermal 

analysis allows to determine mixing enthalpies in multicomponent 

systems ,both,with volatile and chemically active components. 
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