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In the region of the primary solid a-phase for systems with limited solubility thermodynamic quantities such as
the partial enthalpy of dissolution AH s, the activity coefficients ys and the activities a7 in binary metal systems

B

were calculated. The above mentioned indicated values were determined from the relations that connect these
parameters with the equilibrium distribution coefficient koz and known thermodynamic quantities, such as the
enthalpy variation AH_;and entropy variation AS,, during melting of component B. The calculation of

equilibrium distribution coefficients using data from experimentally constructed solidus and liquidus lines of state
diagrams was performed. The values and temperature dependences of the dissolution enthalpy for such systems as
Ag-Mg, Nb-Ge, Mg-Al, Mg-Ag, Al-Mg, Ni-Ga, as well as the values and dependences of the activity coefficients

;/f;‘ and activities ag of the second component on these systems were determined.

PACS: 65.40.Gr

INTRODUCTION

The formation of solid solutions occupies an
important place in the thermodynamics of a solid state.
Both in nature and in technology, one constantly has to
deal with solutions, and not with pure components.
Pure substances are only a limiting state that is never
really achieved. In physicochemical analysis, an
important aspect is the establishment of a relationship
between the composition and properties of compound
systems. For a quantitative calculation of the formation
of solid solutions and alloys, an approach of interest is
the one in which the equilibrium temperatures between
the liquid and solid phases, as well as the temperatures
of phase equilibria in the solid state, are chosen as the
main property.

In the formation of solid solutions one of the main
thermodynamic parameters is the partial enthalpy of

dissolution of the element AH s dissolved in the a-
phase of the primary solid solution. Other important
thermodynamic quantities are the activity coefficients

¥y and the activity @ of the soluble component in the

solid state. Reference data on the value of
thermodynamic values of dissolution are very limited,
and for most metal systems they are completely absent.
It is of practical interest to determine the value of these
thermodynamic quantities for systems with limited
solubility of the components in the base.

One of the necessary parameters for calculating the
thermodynamic quantities during the formation of solid
solutions of binary metallic systems is the equilibrium
distribution coefficient kog. The value of kgz was
determined from the phase equilibria of the binary state
diagrams (SD) as the ratio of the concentration of the
second component in the solid and liquid phases
Xsg/Xg- The main types of phase equilibria are
presented in [1].

In this work the calculation method for determining
the values of the above parameters in binary metal

systems with limited solubility of the second component
in the base was studied. The calculations for binary
metal systems such as Ag-Mg, Nb-Ge, Mg-Al, Mg-Ag,
Al-Mg, Ni-Ga were performed.

FORMULATION OF THE PROBLEM
The method for determining the thermodynamic

quantities: AH, 7p and ag of the dissolved

element for binary metal systems with low solubility of
the second component in the solid a-phase was
developed by the authors of this work [2]. The values
and temperature dependences of the dissolution

enthalpy Aﬁg of the sparingly soluble component, as

well as the activity a@g and activity coefficients 7, of

the second component in the saturated a-phase for such
systems as Cd-Na, Cd-Tl, Te-Ga, Te-As, Te-Cu were
determined by the proposed method.

The determination of thermodynamic quantities for
systems with limited solubility is based on the method
described in [2]. The difference from systems with low
solubility takes place in the determination of the
equilibrium distribution coefficients kog necessary for
calculations depending on the dissolution temperature.
For systems with low solubility, the procedure for
determining Kog requires additional calculations [3-5].
Since experimentally constructed lines of solidus and
liquidus of SD are known for systems with limited
solubility, their analysis allows one to directly
determine the values Kgg.

The aim of this work is to determine the values of
such thermodynamic parameters as the partial

dissolution enthalpy Aﬁg, activity coefficient 5 , and

activityag of the second component in binary metal

systems with limited solubility of the components in a
solid state.
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CALCULATION METHOD

The distribution coefficients kog were determined
from the pairs of temperatures and concentrations Ts,
Xsg(y and Ty, X,g(g) taken from the corresponding state
diagrams in the range from the melting temperature Ty
of the main component to the maximum solution
temperature close to the eutectic temperature
Tmax ~ Tea. Using the pairs of temperature values (°C)
and the corresponding concentrations (at.%) of the
maximum solubility of the second component in the
solid and liquid phase taken from the state diagrams, the
distribution coefficient kog was determined (see Table):

kOB = Xsg / Xig - oy

It should be noted a slight increase in the distribution
coefficient kog for all systems in the selected range of
temperatures and concentrations of the second
component. The maximum variation k,, about 2.1 times,
was observed for Mg-Ag and Nb-Ge systems.

The values of kog obtained above were used to

determine the partial dissolution enthalpy AHg from
the relation obtained in [6] and transformed to the form

)

AHg =—RT Ink,, +AH,_, ~TAS_ ..

where Aﬁg is the partial enthalpy of dissolution of
component B in the a-phase at temperature T; Kqg is the

equilibrium distribution coefficient; AH_; melting
enthalpy of component B; R is the universal gas
constant; ASmB is the melting entropy of component B.

The conclusion of the desired expression (2) is made
under the assumption that the primary solid a-phase
behaves as a regular solution, and the liquid phase,
which is in equilibrium with the solid phase above the
eutectic temperature, behaves as an ideal solution.

When the value Aﬁg is known, it is possible to

determine the activity coefficient 7/§ from expression

(3), which is included in the expression of the chemical
potential of the component for a real solution,
characterizing the deviation of the system from ideal
behavior [6]:

RT Iny% =AHs&, ®)

where ¥, the activity coefficient of component B in

the saturated a-phase at temperature T; AH& , R are the
same quantities as in (2).

From the thus determined values of the activity

coefficients 7 , the activity &g of component B in the

a-phase was also calculated depending on the saturation
concentration, using the following expression.

ag =ygXg, (4)

where ag is the activity of component B in the

saturated a-phase, %; yj is activity coefficient; Xg is
component B concentration on the solidus line, at.%.

RESULTS AND DISCUSSION

For the studied systems Ag-Mg, Nb-Ge, Ni-Ga, Mg-
Ag, Al-Mg, Mg-All, the temperature dependences of the

values Aﬁg, calculated by formula (2) were shown in
Fig. 1.
Reference data of the enthalpy AH mp and melting

entropy AS,; of the dissolved

calculations were taken from [7].

An analysis of the results obtained on the dissolution
enthalpy shows that in the systems under study a change
in the partial enthalpies with a change in the dissolution
temperature was observed. With decreasing temperature
of the solution, a decrease in the partial enthalpies of
dissolution of the second component was observed.
From the general regularity of the positive values of the
partial dissolution enthalpies for the studied systems, the
distinctive feature was shown by the Nb-Ge and Ni-Ga
systems, which were characterized by a negative value

component  for

AHs. A negative value AH's indicates the
exothermic dissolution of germanium in niobium and
gallium in nickel, in contrast to other systems in which
the dissolution of the second component occurs with
heat absorption.

Fig. 2 shows the graphical dependences of activity

coefficients ¥, as a function of the reciprocal
temperature for the systems studied. The obtained data

of the dependence of activity coefficientsyg’ on

temperature show that in the systems under study, a
decrease in the value of activity coefficients is observed
with a decrease in the dissolution temperature.

An insignificant (1.2...2.1 times) temperature
dependence of the activity coefficients was observed for
the systems under study in a given range of
temperatures and concentrations of the second
component and a slight concavity of the dependence

curves ¥, =f (UT).



2200
2000
1800
1600
1400

,J/mol

1200

o
=

AH

1000
800
600 -

400
760

T T T T T
840 860 880 900 920

T,;6

T T T
780 800 820

-22000

-20000 |
-18000 |
-16000 |
14000 4
12000 |

» J/mol

10000

e

O
-8000

AHa

-6000
-4000

T T T T T T T T
2000 2050 2100 2150 2200 2250 2300 2350
T,C

-15500 Ni- Gal
-15000
-14500
-14000
-13500

-130004

,J/mol

©
© -125004

AHa

-120004
-115004

-11000

T T T
1340 1360 1380

T, 6

T T T
1280 1300 1320

T
1400

T T T T
540 560 580 600

T,C

T T
500 520 620

T T T
500 520 540 560

AHa , J / mol

S —
520 540 560 580 600 620
T,C

e AMAdassan i
460 480 500

Fig. 1. The temperature dependence of the dissolution enthalpy of the second component in the base for systems:
Ag-Mg, Nb-Ge, Ni-Ga, Mg-Ag, Al-Mg, Mg-Al

If the activity coefficients of the second component
in the solid phase is known, it is possible to determine

the activity ag’ of component B itself, depending on the
concentration of maximum solubility. Activity was
determined using expression (4).

The calculated values of the obtained
thermodynamic quantities of the second component in
the systems under study for three values of temperatures
and concentrations were showed in the Table.

The  temperatures and the  corresponding
concentrations of the second component are selected for
three arbitrary values on the SD.

An analysis of the values for the activities of the
second component shows that with a decrease in the
temperature of the solution there is an increase in the
activities of the second component in the process of its
dissolution for all studied systems.

The Mg-Ag system was characterized by a minimum
change in activity of 1.9 times, and the Nb-Ge system
by a maximum of 3.7 times.
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Fig. 2. The values of the activity coefficient of the second component in the solid a-phase depending on the inverse
temperature for systems Ag-Mg, Nb-Ge, Mg-Al, Mg-Ag, Al-Mg, Ni-Ga

The values of thermodynamic quantities of the studied systems for the selected temperatures and concentrations

System T,°C Xs, at.% Ko H, Jimol Y Activity, %
904 7.6 0.65 1825 1.21 9.13
Ag-Mg 825 18.1 0.75 985 1.11 20.17
788 23.5 0.80 671 1.08 25.22
2341 1.3 0.20 -10190 0,63 0,79
Nb-Ge 2220.1 3.1 0.26 -13270 0,53 1,63
2011 7.6 0.41 -18190 0,38 2,91
602 2.7 0.29 9739 3.82 10.32
Mg-Al 525.7 6.7 0.33 8852 3.80 25.35
475.2 9.8 0.37 8238 3.77 36.89
579 0.8 0.09 5959 2.32 1.86
Mg-Ag 521 2 0.15 2684 1.50 3.01
493 3 0.19 1082 1.19 3.56




601.6 3.3 0.29 9583 3.74 12.35

Al-Mg 550.9 7.2 0.34 8375 3.40 24.50
498.3 12 0.40 7312 3.13 37.60

1402 3.6 0.37 -11370 0.44 1.57

Ni-Ga 1347 7.5 0.44 -13320 0.37 2.79
1290.6 12.4 0.53 -15050 0.31 3.89

CONCLUSIONS
The values and temperature dependences of the

dissolution enthalpy AHg of the sparingly soluble
second component were determined for the Ag-Mg, Nb-
Ge, Mg-Al, Mg-Ag, Al-Mg, and Ni-Ga systems.

The Nb-Ge and Ni-Ga systems were characterized

by a negative value AHg, which indicated the
exothermic process of dissolution of germanium in
niobium and gallium in nickel. In Ag-Mg, Mg-Al, Mg-
Ag, Al-Mg systems, the dissolution of the second
component occurs with heat absorption.

The obtained data of the dependence of activity

coefficients ; on temperatures show that in the studied

systems with a decrease in the dissolution temperature
there is a not significant decrease of 1.2...2.1 times the
value of the activity coefficients for the studied systems.

For the systems under study, the activity ag of the

components in the saturated solid phase was determined
depending on temperature and concentration. An
increase in dissolution activities of the second
component is observed with a decrease in temperature
in a given range of temperatures and concentrations.
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PACYET TEPMOANHAMUNYECKUX NAPAMETPOB BUHAPHBIX METAJIVIMYECKHUX
CHUCTEM C OTPAHUYEHHOH PACTBOPUMOCTBIO KOMIIOHEHTOB
B TBEPJIOU a- ®A3E

AL I]ep6ans, O.A. /lauenko
B oOnactu mepBuuHOW TBepAOil o-(hasbl Ui CUCTEM C OIpaHUYEHHOH PACTBOPHMOCTBHIO BBINOJHEH pacuer

3HAYCHHM TaKUX TEPMOJUHAMUYCCKUX BCIIMYUH, KaK MapIraIbHadg SHTAJIbINSA PACTBOPCHUA AH B, KOB(b(bI/H_[I/IGHTBI

AKTUBHOCTH ]/g N AaKTUBHOCTHb ag KOMIIOHCHTOB B HBOﬁHLIX METANIMYECKUX CHCTeMax. Brimie YKa3aHHbIC

BCJIMYUHBI OIIPEACIISIIIN U3 COOTHOIHGHI/Iﬁ, KOTOPBIC CBA3LIBAIOT O3TU IMAPpAMETPhl C PaBHOBECHLIM K03(1)(1)I/IIII/I€HTOM
pacopeaciacHusn kOB U H3BECTHBIMU TEPMOAUHAMUYCCKHMHU BCJINYMHAMH, TAKUMU KaK HM3MCHCHHSA SHTAJIbIINHU

AHmB U SHTPOIUU ASHHB MIpY TUTABJICHUHM KOMITOHEHTa B. PacueT paBHOBECHBIX KOA(HUINEHTOB pacTpeielneHus

BBIIIOJIHSJIM C WCHOJIb30BAHHEM JIAHHBIX HSKCIICPUMEHTAIbHO IOCTPOCHHBIX JIMHUHA CONMIAyca M JIUKBHIYycCa
JquarpamMmM coctosiHus. Onpe/iesieHbl 3HAaUYCHHUsI U 3aBUCHMOCTH OT TEMIIEPATyphl SHTAIBIIMN PACTBOPEHUS ISl TAKHX
cuctem, kak Ag-Mg, Nb-Ge, Mg-Al, Mg-Ag, Al-Mg, Ni—Ga, a Taxxe 3HAUCHHUS U 3aBUCHMOCTH OT TEMIICPATYPBI

a a
PpacTBOpCHUs KOS(l)(l)I/IIII/IeHTOB AKTHBHOCTH 73 U aKTHBHOCTbH a.B BTOPOI'0 KOMIIOHCHTA B 9TUX CUCTCMaAX.



PO3PAXYHOK TEPMOJUHAMIYHUX ITAPAMETPIB BIHAPHUX METAJIEBUX CUCTEM
3 OBMEKEHOIO PO3YMHHICTIO KOMIIOHEHTIB ¥ TBEP/IM a-®A3I

O.1L Ill]epobans, O.A. /lauyenko

B o6nacti nepBUHHOI TBEpOi 0-(ha3u AL CHCTEM 3 0OMEKEHOI0 PO3UNHHICTIO 3pOOJICHO PO3PaXxyHOK 3HAuCHb
TaKHX TEPMOAMHAMIUHEX BEIHUMH, SK MApIialbHA CHTATBIIA po3unHEHHS AH g, KOehillieHTH aKTHBHOCTI yo i
aKTHBHICTh a; KOMIIOHEHTIB y OiHapHMX METaleBHX CHCTeMaxX. Buile 3a3HadeHi BeJIMYMHM BH3HAYaIM i3
CIIBBIHOIIICHB, SIKi TIOB'S3YIOTH IIi MapaMeTpd 3 pPiBHOBAXHUM KoeQilieHTOM po3mominy Keg 1 Bimomumu
TEPMOJMHAMIYHUMY BEIMYMHAMH, TAKMMH sK 3MiHa entansmii AH mp 1| 3MiHa eHTpormii ASmB TIpH TUTaBJICHHI

KOMITOHeHTa B. Po3paxyHOK pIBHOBaXHHMX KOE(DIIIEHTIB pO3MOJUTy BHUKOHYBAIM 3 BHKOPUCTAHHAM JaHHX
eKCIIepUMEHTAIILHO 00y I0BaHUX JIIHIH coJtitycy 1 JiKBigycy aiarpam craHy. Bu3HaueHO 3HaueHHs i TeMIeparypHi
3aJIeXKHOCTI €HTAJbIII PO3UMHEHHs s Takux cucteM, sk Ag-Mg, Nb-Ge, Mg-Al, Mg-Ag, Al-Mg, Ni-Ga, a
TaKOXK 3HAUEHHS i 3aJEXKHOCTI BiJ TEMIIEPATypH PO3YMHEHHS KOe(DIlli€HTIB aKTHBHOCTI ) Ta aKTHBHICTb 8g
JPYroro KOMIIOHEHTA B LIUX CHCTEMaXx.



