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Integral form of the LeChatelier—Shreder equation derived for different
forms of temperature dependence of AC, is presented. The temperature
dependence may be given either by a functional relationship or by the table of
values. If the functional relationship is chosen, then it is recommended to use
a polynomial in difference of temperatures from the melting point instead of
a polynomial in absolute temperature. In practical applications the former
procedure is better founded.

B pa6ote npuBeneH uHTerpanbHbi BUA ypaBHenus Jlelllatense — llpenepa
A7 Pa3NHYHBIX THNIOB TEMIIEPAaTyPHOM 3aBUCHMOCTH AC,: Kak st QyHKIHO-
HaJIbHO 3alaHHOM, TaK M 715 3aaHHO¥ B BuAe Tabnuubl. B ciyyae dyHkimo-
HanbHOH 3aBHCHMOCTH Npe[JIoXKeHa cTeneHHast GopMyiia, B KOTOPOU, O{HaKo,
HCMoNb3yeTcss He abConoTHas TeMNepaTypa, a pa3HOCTb OT TEMIIEpaTyphbl
nnasieHuss. ITOT cnoco6 Gosnee OGOCHOBaH OIS MPAKTHYECKOIO HCIHOJb-
30BaHMA.

Phase equilibrium solidus—liquidus is described by the LeChatelier—Shreder
equation the differential form of which is presented by Malinovsky [1]

/s

AH'
dlna= —ET—Z dT (1 )
where a is the activity of component in liquid phase, AH"* is the enthalpy of phase
transition solidus—liquidus, R is gas constant, and T is absolute temperature.

Integral form of the LeChatelier—Shreder equation can be obtained by integra-
tion of eqn (1) in limits (7, T;)

T

T /s
lna=—%f %{'—dT (2)

(At T=T; the activity of pure component equals one.) By integration of the right
side of eqn (2) the following cases can occur:

1. AH"=const= AH" (it does not depend on temperature). Then the integra-
tion (2) yields the simplest form of the LeChatelier—Shreder equation
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1na=4—£—f(1/n—1/7) (3)
2. AH" depends on temperature according to Kirchhoff’s relation

d(AH"™)= ACY dT (4)

but AC}® is constant. Integrating eqn (4) in limits (7, T) gives
AH"=AH'- AC(T:—T) (%)

and finally by integration of eqn (2) we obtain
_AH'(1 1\ . AG, T;

na="p (Tf T) R (T - =B T) L

3. ACY is an arbitrary function of temperature. Then it holds

—.Aif ___l I/s ]

Ina= R (Tf ) Rj [Tz,[ AC,dT|dT (7)

4. The temperature dependence of AC,’ is given as a polynomial in T, e.g.
ACy=a+bT+cT™? (8)

Double integration of eqn (7) gives in this case

2 2
wla(-1mg) s (F-2men) 7)) @
The last temperature dependence of AC, is most frequently used for the descrip-
tion of heat capacities of solid and liquid substances. However, at the melting point,
there is a discontinuous change in the heat capacity from C;, to C,. Therefore it is
more convenient and more advantageous to express AC, not as a polynomial in T
(as in the case of eqn (8)) but in the difference (T;— T).
Thus .
ACy/R= 2 a(Ti— T)™ (10)

where n, can be any nonnegative integer. For n,=0 a, is identical with AC}*/R
at Ti.

If we put eqn (10) into eqn (7) we obtain the final form of the
LeChatelier—Shreder equation

1na-%(i—7)+iakxk (11)

k=1
The terms a.K, denote the contributions to Ina corresponding to powers n, in eqn
(10). K (it is further written without index k) replaces the double integral
corresponding to power n
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T 1 T
K=f [—fzf (Tf—T)"dT]dT (12)
T T
Solving this integral we obtain the following expression for K
_ i I_f Tn (—— ) n+1 (rI;)n-fl i
K=-T ln(T)+n+1 1)- 2 (13)
where
n+1
bi=c+ > ¢ (fori=1,b,=1)
j=i+1
and

¢=(=1) ("“)/(z 1y i=23, .., ¥l

We shall briefly describe the procedure for application of the derived relations :
a) We calculate the binomial coefficients ( " -z'_ 1) for given n.

b) The result is divided by (i —1).

c) Alternation of sings gives the coefficients c;.

d) Summation of the coefficients ¢ gives the coefficients b..

e) For given T and T;, K corresponding to chosen » is calculated according to
eqn (13).

f) Similar procedure is applied also for other powers.

g) Ina is calculated according to eqn (11).

For a more convenient use of this procedure the coefficients b; were calculated
for n ranging from O to 7 and they are presented in Table 1. They correspond to the
fractions the denominator of which is for given n the same (it is written in the
second column of the table).

Table 1. Values of coefficients b; ineqn (13) (b:=B/J)

n J B] Bz Bg 34 Bs Be B7 Bs
0 1 1

1 1 1 1

2 2 2 5 - 1

3 6 6 26 - 10 2

4 24 24 154 - 86 34 - 6

5 120 120 1044 - 756 44 - 156 24

6 720 720 8028 — 7092 5508 — 2892 888 - 120

7 5040 5040 69264 -—71856 69264 —48336 22224 —-6000 720

As an example of application of the relation (13) we present the simplest case of
temperature dependence of AG,, viz. AC, is constant (n; =0). Then
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Ki=-In(T/ T)+(T/T—-1)
For n,=1 the relation (13) leads to the expression
Ko=—-TiIn(T/ T)+ T/2-(T/ T—1)-(T/ T+1)
Therefore if AC, is a linear function of temperature,

ACG, =a1+a,(Ti—T)
and then
Ina=AH/R(1/Ti—1/T)+ a K + a:. K,

Sometimes the temperature dependence of AC, is not given by a functional
relationship but in the form of table of values. It can hapen that we do not wish or
cannot approximate these values by a functional relationship. We encountered this
in the case of AC, of water [2] where initial steep increase of AC, observed by
undercooling changes after exceeding temperature of homogeneous nucleation to
decrease of heat capacity. Description of such a dependence of AC, by
a continuous functional relationship is rather difficult (the polynomial (10)
requires high powers). It seems to be better to solve the integration in eqn (7) not
analytically but numerically. For this purpose it is convenient to rearrange eqn (7)
in the following way

_AH/(1 1\ 11" (" }
=" (:n T>+R{TL AG dT L AG dInT (14)

Then we can use one of the methods suitable for calculation of definite integrals
(rectangular or trapezoidal or Simpson’s rule, etc.). If the data are spaced
unequally, we can use a procedure corresponding to the trapezoidal rule

K= (_i(c + G*l) (T: - Ti+l)—§(c+ Ci+1)‘ll‘l (T:/I-H))/Z (15)

where K is the value of difference of both integrals in eqn (14) and C, are the
values of AC, at temperatures T;. Index zero corresponds to melting temperature
and the last index (n) to the temperature T (lower integration limit).

Both the methods proposed for calculation of values of integral in the
LeChatelier — Shreder equation can be applied to solution of practical problems
and they offer special advantages when computers are used.
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