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HISTORYHISTORY
• The effect of pressure on the melting 

temperature was detected by Perkinson in 1826.  
Compressing acetic acid [CH3COOH] to 1100 
Atm.  he found that the substance became 
crystallized.

• Ever since then numerous effort has been made 
to describe the effect of pressure on the melting 
temperature.  The current standing of the 
research is outlined here.



THEORETICAL DESCRIPTIONSTHEORETICAL DESCRIPTIONS

•• Clapyeron describes the dp/dT slope of coClapyeron describes the dp/dT slope of co--
existing gasexisting gas--liquid phase in 1834liquid phase in 1834

•• Clausius extends to liquidClausius extends to liquid--solid phase in 1850, solid phase in 1850, 
which is know as the Clausiuswhich is know as the Clausius--Clapyeron Clapyeron 
relationshiprelationship
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•• The Lindemann melting formula (1910) isThe Lindemann melting formula (1910) is
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Primarily is used for atmospheric pressure because it is difficult to determine Vm
and θD at high pressure and temperature.



•• Simon and Glatzel (1929) proposed the Simon and Glatzel (1929) proposed the 
formula:formula:
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Successfully describes the pSuccessfully describes the p--Tm curves of Tm curves of 
many substances.many substances.
Kennedy (1965) shown that the equation Kennedy (1965) shown that the equation 
does not give satisfactory melting does not give satisfactory melting 
temperature when extrapolated to core temperature when extrapolated to core 
pressurepressure
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•• KrautKraut--Kennedy (1965)Kennedy (1965)

They claimed that in case of iron the linear They claimed that in case of iron the linear 
relationship is valid up to compression of 0.5 relationship is valid up to compression of 0.5 

∆V/Vo is the isothermal dilation



•• Libby (1966); Mukherjee (1966)Libby (1966); Mukherjee (1966)
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Using the Lindemann melting criteria is has been shown that
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•• Gilvarry (1965); Vaidya and Gopal  (1965)Gilvarry (1965); Vaidya and Gopal  (1965)

Assuming constant bulk modulus the Kraut-Kennedy relationship 
can be derived from the Claussius-Clapeyron relationship 



•• Wang (1999) proposed a model and introduced a critical Wang (1999) proposed a model and introduced a critical 
temperature which is equivalent with the melting temperature which is equivalent with the melting 
temperaturetemperature

Using the EoS and conventional thermodynamic Using the EoS and conventional thermodynamic 
relationships the critical volume relating to the critical relationships the critical volume relating to the critical 
temperature is calculatedtemperature is calculated

Deducting the thermal pressure from the actual pressure Deducting the thermal pressure from the actual pressure 
gives the pressure relating to the melting temperaturegives the pressure relating to the melting temperature



In all of the “theoretical” models the derived 
formulas contain a “fitting” parameter with no 

physical meaning.

The descriptions therefore are semi empirical.



Let’s do experiments!

The uncertainties in the theoretical descriptions can 
be complemented by experiments.









There is a need for a There is a need for a 
reliable theoretical model.reliable theoretical model.



BackgroundBackground
of the proposed modelof the proposed model



λTD = aTD

Thermal phonon vibration
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Physical explanation of the Physical explanation of the 
Debye temperatureDebye temperature
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43.65.493.82c2342.682.414.17hcpZn

5.84.414.68c3803.493.116.33hcpTi

4.54.965.19c3303.413.055.78hcpMg

24.54.463.58c10319.588.8312.55hcpBe

0.53.943.92a2301.891.673.96fccPt

7.34.344.05a880.800.702.16fccPb
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7.23.873.61a3152.542.264.70fccCu

5.73.844.08a1701.361.203.24fccAu
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2.14.014.09a2151.791.593.60fccAg
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Physical explanation of meltingPhysical explanation of melting





nλTm = dTm

dλTm

Liquid

Solid
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TD/Tm = const

a/d = const

λD/λTm = const

Tm = c TD



CalculationCalculation
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0.49-5.0870-0.621-1.2761.8474.029171.056.701εFe

1.00.6140-1.081.4301.3841.96272.524.287MgSiO3

12.07.9012.00-1.502-2.1261.7172.737164.9511.149MgO

38.28.6310-0.283-3.3752.2341.554282.429.041Pt

44.510.240-0.820-3.1451.9831.184100.009.804Al

faKo
[GPa]

Vo
[cm3]ThermalVolume



2.62305.5775.577155.41εFe

3.149-0.8022.5914.160206.79MgSiO3

3.5496.7053.3174.212154.70MgO

4.7375.5201.7506.030254.65Pt

12.3937.6577.6503.7091.00Al

δα1
x10-9

αo
x10-5Ko

’Ko
[GPa]Bulk Modulus



ResultsResults









P = 25 GPa
T = 2900 K

Tm = 4360 K
C-M



P = 72 GPa

T = 2800 K

3570 K
4360 K

4700 K
5780 K



ConclusionsConclusions
•• First principle theoretical description of the pressureFirst principle theoretical description of the pressure--melting temperature melting temperature 

relationship is proposed.relationship is proposed.

•• Assuming that the ratio of the thermal phonon wavelength at the Assuming that the ratio of the thermal phonon wavelength at the melting melting 
and Debye temperature is constant and using the conventional and Debye temperature is constant and using the conventional 
thermodynamic relationships, equation describing the pressure efthermodynamic relationships, equation describing the pressure effect on the fect on the 
melting temperature, is derived.melting temperature, is derived.

•• The equation is tested against the experiments of Al, Pt, MgO, MThe equation is tested against the experiments of Al, Pt, MgO, MgSiO3 and gSiO3 and 
epsilon Fe with positive results.epsilon Fe with positive results.

•• If the boundary conditions are known and the EoS of the substancIf the boundary conditions are known and the EoS of the substance is e is 
available then the pavailable then the p--Tm curve can be calculated.Tm curve can be calculated.

•• From the melting temperatures and EoSs the proposed constrains oFrom the melting temperatures and EoSs the proposed constrains on the n the 
geotherm are:  geotherm are:  

CMB:  3570CMB:  3570--4360 K         and           ICB:  47004360 K         and           ICB:  4700--5780 K.5780 K.
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