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Abstract  
Thermal equilibrium diagrams (phase diagrams )give informations on the phases present and their 

compositions at equilibrium in alloy systems. A knowledge of thermodynamic stability of molecular structure 

has an important effect for understanding phase transformations in materials which are represented in phase 

diagrams. Theoretical method of calculating phase diagrams by using thermodynamic properties is using in this 

work. Phase diagrams of two metals completely soluble in liquid and solid state with assuming that diagrams 

without miscibility gap are considered as diagrams of ideal  solution while with miscibility gap are considered 

as diagrams of  regular solutions. By comparing the results obtained from the theoretical method by computer 

program with the experimental method by using the thermal analysis which are considered as stander diagrams  

in all references. The maximum difference between theoretical and experimental diagrams is 40%. The 

minimum difference between them is 0.086% . 

 الخلاصة
لإحتوساائ .  لأنظماا فاامللتاانتحلاتوم جاا  ولتلتمتبها اا ل  اا لتلتلأطاا تطل(لتعطااملمعم ماا ال اا تلأطاا تطمخططاا التوااا تلحلتوياامتططلتمخططاا ال

وممعاااا  حلتلتوساااائ . لتواااااملتا اااا لفااااملمخططاااا الل طلاااا توطم اااا لفااااملف اااا لتواياااا لااللتاااا  همي  ميكياااا لوماماهاااايلتو نل ااااملسااااايمتطل لتودمم  لاتلومعمفاااا 
خططا التلأطا تطلومعا نه لحساتلمخطط التلأط تطلفملهذتلتوئيثلب لا ام  ل مىلتوطملي لتو ظملا للب سااخ تالتوخا تللتودمم  ي  ميكيا ل متلأط تط 

تمانتجياا لتع ماا لامخططاا ال مااىلف اا ولوياا واه لتوساا .م لتلتو اامئ لماا لتفااامتطلتحلتومخططاا التوي تلاا لتو ماا لتوي يمياا ل مااىلتوذتب نياا لبفااك لتاا الفاامل
لي ا  ل مه ا لما لتوطمليا لتو ظملا تمانتجيا لتعاااملامخططا الوممي وها لتومد وي  بمي طنا لتو اا . لتوااملتا لتوتوم اظم لتلتواامللالتماما لف ا وللوممي وه 

,تجا لتحلتبااملل  ياا لفاملجميا لتوم ا  طلتتوااملتعاااملمخططا السي ساي لب سااخ تالتوايمها لتويامتططللمخطط التوا ملايا م لتولي تسط لت مي ليمن م 
للل 0.086%ملتتق لنسئ لتخالافلهل%40هملنسئ لتخالافليه لتومخطط التو ظمل لتلتوعممي ل

1-Introduction: 
The phase diagram is a convenient graphical method of displaying the state of a given 

system that is stable under a defined set of conditions[Grant,1980]. The main idea of phase 

diagrams is based around the latent heat that is evolved when a mixture is cooled, and the 

phase is changed[Zaineb,2005]. The equilibrium state is the state of minimum free energy of 

the binary system at a given temperature and composition at constant 

pressure[Kittle,1996].Phase diagrams enable to predict what phases are in equilibrium for 

selected alloy compositions at desired temperatures, determine the chemical composition of 

each phase, and calculate the quantity of each phase present[Vanvlack,1982].  

A system consists of two metals have the same crystal structure, and they are 

chemically and physically very much alike, is called isomorphous system[Zaineb,2005]. In 

one component system melting occurs at a well defined melting temperature. In multi-

component systems melting occurs over a range of temperatures between the solidus and 

liquidus lines. Solid and liquid phases are in equilibrium in this temperature range 

[Zhigilei,2002]. Copper- nickel and germanium-silicon are phase diagrams of this type.  

For phase diagrams of real solution there is the difference between the actual free 

energy of  the solution and the value the free energy would have if the solution were 

ideal[Zaineb,2005], thus at low temperatures, there is a region where the solid solution is 

most stable as a mixture of two phases because of slow diffusion and difficulty in attaining 

equilibrium ,this region is called a miscibility gap[Zhigilei,2002].  

2-Theoretical Analysis: 
 Theoretical calculation of phase diagrams by using thermodynamic properties is more 

important than experimental method as:- 
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1-Calculations involving solid phases are more manageable than, for instance, those 

involving liquid phases. 

2-The determination of the solid state part of a phase diagram in experimental method is most 

likely to be hindered by sluggish kinetics or characterization problems. 

3-It enables to predict some features of the system which are not easily measured, as well as 

to predict phase diagrams of complex multi-component systems. The time is reduced by 

using the theoretical  method. 

4-Calculations involving solid phases are more manageable than, for instance, those 

involving liquid phases. 

5-The determination of the solid state part of a phase diagram in experimental method is most 

likely to be hindered by sluggish kinetics or characterization problems. 

6-It enables to predict some features of the system which are not easily measured, as well as 

to predict phase diagrams of complex multi-component systems.  

7-It will be easy to draw the phase diagrams of refractory metals.[Gleb,2002] 

 

3-Theoretical Calculation of Binary Phase Diagram :- 
 To conclude phase diagrams of two metals completely soluble in liquid and solid state 

by using Gibbs free energy of the liquid and the solid states to find the equilibrium between 

two phases [Zaineb,2005].For equilibrium in a system the chemical potential of any 

component in all phases[Zhigilei,2002]. 

 

 

where: 

 

3.1Phase diagrams for ideal solution  
Real systems which behave almost ideally in both the solid and liquid states present the 

possibility of the relatively simple quantitative calculation of phase diagrams. The excess 

Gibbs free energy is zero for ideal solution. The equations for the liquidus and solidus curves 

in the systems of two metals soluble completely in liquid and solid states will be developed 

from the relations in [Zaineb,2005]:-        

GM,L 

in 
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may be written as: 
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free 

energy of the liquid solution as a function of partial molal free energy is:- 

The 
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poten
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B in the solution at equilibrium is concluded from the next equations ,by substituting XA=1-

XB and dXA=-dXB, combining equations (6)and (7), and suitably rearranging as: 
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given temperature the difference in Gibbs free energy for metal B is: 

 

When B melts under equilibrium conditions at constant temperature and pressure. At melting 

temperature  the change in Gibbs free energy is zero: 

Assuming that neither ΔSB nor ΔHB varies with temperature, this is equivalent to assuming 

that the difference between the heat capacity of the liquid and that of the solid, ΔCp, does not 

change with temperature[Saunders,1996]: 

then 

subs

titut

ion of Eq.(15)into (14)gives:- 

By combining Eqs.(12) and (16) it can be found: 
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   In an analogous manner in the solid solution: 

  

 
If the liquid and solid solutions are to be in equilibrium, the chemical potentials of B 

in each must be identical; equating (10) and (11):- 
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Thus the chemical potential of metal B in the liquid phase is: 

   (13) 
BBB

STHG 
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The same, analysis obviously holds for the component A in the two solutions so that: 

 

In this work , by assuming that metals melt and solidify at their melting temperature 

under equilibrium conditions, that is ΔG=0, and using Eqs. (17) and (18) to calculate the 

solidus and liquidus curves for ideal solutions (isomorphous systems). The equilibrium 

melting temperature and the enthalpy of fusion at constant pressure of the pure components  

at their melting points are needed to determine this type of phase diagrams. 

3.2Solidus and Liquidus Curves for Regular Solution:- 
Depending on chemical potentials of components at equilibrium of phase diagram, two 

equations to determine the solidus and liquidus curves of regular solutions concerning on XB
S 

and XB
L. It is assumed that the enthalpy of each component at any temperature is equal to its  

enthalpy of fusion at its melting temperature; and that is true for the entropy. The regular 

solution has the excess Gibbs free energy which represent excess enthalpy and excess 

entropy. The excess entropy is negligibly small. Thus it equals zero. At equilibrium: 

 

Thus for determining the mole fractions of metal B  

 

in the liquid and in the solid solution by the next method. Gibbs free energy of liquid solution 

in regular system is: 

The differentiation of Eq.(20) is:- 

 

For metal A: 

 

 

 

 

For solid solution: 
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The excess enthalpy as a function to critical temperature .The critical temperature is the 

beginning of miscibility gap:- 
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For 

metal B, by the 

same way: 

 

The miscibility 

gap can be calculated by knowing its critical temperature and using Eq.(28) :- 

 

 

 

 

 

Thus the enthalpy of fusion of each component and its melting temperature, and the 

critical temperature which represent the beginning of the  miscibility gap of the system are 

required. Primary values of XB
S and XB

L must be known and these variables are 

independent.  

 

 

 

4 Application (Results and Discussion):-  
1-For phase diagrams of first type:- 

Copper-Nickel[Cu-Ni]:Theoretical solidus line is less than that of experimental solidus line 

[Vacro,1996]in the region between (0-0.16)mole fraction of Ni with maximum difference of 

K10 at XNi=0.08,when Texp.= K1385  and Tth.= K1375 ,while it will be higher in the region 

between(0.22-0.61)with maximum difference of K10 at XNi=0.5,when Texp.= K1530 and 

Tth.= K1540 .Except these regions two lines are identical. Experimentally  liquidus 

line[Vacro,1996]  for all alloys is higher than theoretical liquidus line with maximum 

difference of K50 at XNi=0.4,when Texp. K1545  , and Tth,.= K1495 . 

Germanium-Silicon[Ge-Si]:Ending melting temperatures in theoretical method lower than 

that in experimental method [Allan,1996]with maximum difference in temperature is K50 at 

wt.Si=0.27,when Texp.= K1540 and Tth.= K1490 .Theoretical and experimental solidus lines 

are identical in the region between(0.1-0.67)but in other regions theoretical solidus line 

higher than that in experimental [Allan,1996]with maximum difference in temperature is 

K15 at wt.si=0.93,when Texp.= K1675  and Tth.= K1680 . 

Ruthenium-Osmium[Ru-Os]:Theoretical solidus and liquidus  lines are identical to that of 

experimental [Rapperort,2000]in the region (0-0.12)for the first and (0-0.09) for the second. 

For theoretical method all alloys with mole fraction greater than 0.42 start melting at 

temperatures higher than that for experimental method [Rapperort,2000]with maximum 

difference of K20 at XOs=0.46,when Texp.= K2870  and Tth.= K2890 .The ending melting 

temperature for alloys by theoretical method are lower than that of alloys by experimental 

method [Rapperort,2000]with maximum difference of K20 at XOs=0.17,when 

Texp.= K2710 and Tth.= K2680 .Theoretical and experimental [Rapperort,2000]liquidus lines 
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are identical in the region between (0.28-0.32),but alloys in theoretical method complete their 

melting at temperatures higher than that of alloys in experimental method[Rapperort,2000] 

with maximum difference of K20 at XOs=0.4,when Texp.= K2860 and Tth.= K2880 ,then the 

two lines are identical from (0.9-1). 

Silver-Palladium[Ag-Pd]:Experimental solidus line [web,1996]and theoretical liquidus line 

are identical in two regions (0-0.06) and(0.47-1). The maximum difference between 

theoretical liquidus line and experimental liquidus line is K75 at XPd=0.8,when 

Texp.= K1780 ,and Tth.= K1705 but for solidus line is K80 at XPd=0.2,when 

Texp.= K1400 and Tth.= K1320 . 

            Approximately theoretical and experimental solidus lines in some regions are 

identical  for Cu-Ni, Ge-Si, and Ru-Os but differ in other regions with percentage 

2%,0.086%, and 1% respectively. For Ag-Pd starting melting temperatures in theoretical 

method less than that in experimental method with maximum percentage is 9%. Ending 

melting temperatures in experimental method higher than that in theoretical method for Cu-

Ni ,Ge-Si, and Ag-Pd with percentage 4%, 6% , and 7% respectively, but for Ru-Os in some 

regions these temperatures identical but for other theoretical ending temperatures higher than 

that in experimental with percentage 2%.  

         The increasing or decreasing values because the assumptions that solution is ideal when 

the molecules of two metals have similar size and attract one another with the same force, all 

metals melt and solidify at their melting temperatures under equilibrium conditions that is the 

difference in Gibbs free energy is zero at the melting temperature, and the difference between 

the heat capacity of the liquid and that of the solid,ΔCpr does not vary with temperature.  

 

2-For all phase diagrams of second type:- 

Gold-Platinum[Au-Pt]:Solidus lines by theoretical and experimental [Rapperort,2000] 

manners are identical in the region (0-0.74),while there is K110 difference at XPt =0.9,when 

Texp.= K1880 and Tth.= K1990  .Liquidus lines are identical  in the region (0-0.1)while the 

maximum difference reaches K90 at XPt =0.28,when 

Texp.= K1700 andTth.= K1790 .Maximum temperature for the theoretical miscibility gap is 

Tth.= K8.1529 at XPt=0.51 but that for experimental [Rapperort,2000] is Texp.= K1523 at 

XPt=0.6. 

Iridum-Palladium[Ir-Pd]:Alloys in experimental method [Tripathi,1991] start to fuse at 

temperature less than that analyzed by theoretical method with maximum difference between 

them is K750  at XIr=0.6,when Texp.= K2000 and Tth.= K2750 .Ending melting temperature 

for alloys by theoretical method are higher than that alloys by experimental method 

[Tripathi,1991]with maximum difference of K400 AT XIr=0.34,when Texp.= K1960 and 

Tth.= K2300 .Top of theoretical and experimental [Tripathi,1991] miscibility gap being at 

XIr=0.5 but there is K300 difference when Tth.= K1500 and Texp.= K1800 . 

Niobium-Tungsten[Nb-W]: By comparing results of theoretical and experimental  method 

,it is noted that the theoretical and  experimental [Poulsen,2003]solidus lines are identical in 

the region(0-0.14) but wherever XW is more than  0.41starting of melting of alloys by 

theoretical method is lower than that of alloys by experimental method[Poulsen,2003] with 

maximum difference of K60 at XW=0.81,when Texp.= K3300 and Tth.= K3240 .Maximum 

difference for ending temperature in the two methods is K430  at XW=0.4,when 

Texp.= K3000  and Tth.= K3430 .There are two points of intersection: XW=0.22,T= K5.353  

and XW=0.77,T= K356 .The highest temperature for experimental method[Poulsen,2003]is 

K550 at XW=0.5,while for is K398 at XW=0.57. 
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Palladium-Rhodium[Pd-Rh]:Starting temperature and ending temperature of fusion for 

alloys by experimental method is lower than that for alloys by theoretical method with 

maximum difference of K70 at XRh=0.28,when Texp.= K1850 and Tth.= K1920 for starting 

and K40 atXRh=0.3,when Texp.= K1990  and Tth.= K1950 for ending. Experimental 

miscibility gap[[Poulsen,2003]is higher than theoretical miscibility gap with maximum 

difference of K290 atXRh=0.5 when Texp.= K1190 and Tth.= K900 . 

           Approximately theoretical liquidus line higher than that in experimental method with 

maximum percentage is 26% for Nb-W. Theoretical and experimental solidus lines for Au-Pt 

and Nb-W are identical until XAu=0.77 and XW=0.4 after that differ with percentage of 6% 

and 2%  respectively, but for Pd-Ir and Pd-Rh experimental solidus line lower than that in 

theoretical method with percentage of 2% and 9.4% respectively. For all diagrams 

experimental miscibility gap is higher than theoretical miscibility gap but for Au-Pt 

experimental and theoretical miscibility gaps intersect at XAu=0.6. These differences between 

theoretical and experimental methods because: using excess enthalpy which represent 

deviation from ideality as a function of critical temperature, assuming interaction energy 

between atoms of metal A is equal to the interaction energy between atoms of metal B, 

interaction energy between pair of atoms as a function to the critical temperature of 

miscibility gap, using critical temperature for miscibility gap from experimental diagram, and  

initial values of mole fractions as input in computer program. 
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Fig.(4):Phase diagram of silver-palladium. 
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Fig.( 5):Phase diagram of gold-platinum. 
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Fig.(7):Phase diagram of niobium-tungsten. 

0.00 0.20 0.40 0.60 0.80 1.00

400.00

800.00

1200.00

1600.00

2000.00

2400.00

RhPd Mole fraction of Rh

Liquid +Solid 
solution 

 

 

Solid 

solution 
 

Liquid Exp.[Okamoto H,1994] 

Two solid solutions 
 

 

Theoretical 

Fig.(8):Phase diagram of palladium- rhodium. 

 

 


