
4294 GILES, LONGENBACH, AND MARDER 

bcc (0') to hcp (e) transformation and P~~ a is the re
verse martensitic start pressure for the hcp (e) to 
bcc (0') transformation. A calculation of Po from the 
data shows that the equilibrium line at 300"K is at 
107 ± 8 kbar rather than at the previously reported 
130 kbar, 1-6 which, as the present study shows, 
should be regarded as the martensitic start pres
sure. 

According to Blackburn et al., 19 at 300 ° K and 1 atm, 
bcc iron is 10lD cal / mole more stable than hcp iron. 
Hence, the product of (23. 9) Po~ V should be equal to 
-10lD cal/mole. Substituting ~V=0.38 cm3/mole 
and solving for Po yields an equilibrium transforma
tion pressure of 111 kbar. This value is in excellent 
agreement with the experimentally determined value 
of 107 ± 8 kbar, considering that an approximation 
was made for the P~~ a = 81 kbar by averaging the 
determination at 98 k'bar, where no increase in bcc 
was found and the determination at 66 kbar where an 
increase in bcc was found. Further confirmation of 
the equilibrium transformation pressure Po is indi
cated from a calculation of the driving force for the 
bcc- hcp reaction. This force can be estimated by 
multiplying 23.9 by ~ V, the difference in pressure 
between the P~~ ' and Pg~ E . Again, using ~V=0.38 
cm 3 /mole and i pressure difference of 133 - 107 = 26 
kbar, a driving force of 227 cal/mole is obtained, 
which is in good agreement with determined values 
of 150-300 cal/mole calculated for the martensite 
transformation in iron alloys. IS 

Given the data of the present study, a triple point of 
775"K and 110 kbar20

,21 for the pressure-tempera
ture equilibrium diagram of iron with a Po of 107 
kbar for the 0' :: e transformation cannot be justified 
in thermodynamic terms. A review of the various 
methods others have employed to determine the tri
ple point is therefore in order. USing shock pres
sure techniques and microstructural observations, 
Johnson et al. 20 found an inflection point, later the 
triple point, in the transformation curve at 775 OK 
and 115 kbar. However, not realizing that they were 
dealing with a possible 0' - e matrensitic transfor
mation they normalized their observed pressure to 
130 kbar at room temperature and assumed that the 
microstructure is associated with the pressure nec
essary to initiate the phase transformation. Later, 
Bundy2 1 made electrical reistivity measurements to 
determine the P- T diagram and established a triple 
point at (763 ± 10) OK and 100 ± 3 kbar. Bundy cali
brated his triple point with the Johnson et al. 20 data, 
which he " accepted as being correct on an absolute 
basis because of the correlation with the 130-kbar, 
room-temperature 0' - E transition, which has been 
established with considerable certainty." 

The data of Johnson et al. 20 and Bundy21 are plotted 
in Fig. 5 along with the data on the 0' - 'Y transfor
mation by Kennedy and Newton22 by Claussen,23 and 
by Clougherty and Kaufman. 24 Also included is the 
data point of this investigation for the Po of the 

0' :: e transformation and a triple point of 750 "K and 
92 kbar calculated from thermodynamic data by 
Blackburn et al. 19 The discrepancy in the data on the 
0' :: y branch was attributed by Blackburn et al. 19 to 
pressure overshooting of the isothermal shock-wave 
measurements of Johnson et al. 20 This overshooting 
of pressure, coupled with a reported martensitic 
start pressure for the 0' :: E transformation2o rather 
than a Po, has led to a wrong interpretation of the 
triple point. 19 Recently, Millet and Decker20 have 
reported preliminary data on the Mossbauer spectra 
near the triple point of iron. Their data, which are 
included in Fig . 5, indicated to them that the triple 
point is lower than the reported 110 kbar . These 
inconsistencies suggest that a reevaluation of the 
equilibrium pressure -temperature diagram of pure 
iron is in order. 

CONCLUSIONS 

The following can be concluded from this investiga
tion: (i) a systematic x-ray study confirms that the 
transformation of 0' - e starts at 130 kbar. (ii) The 
large hystereSiS between forward and reverse trans
formation of the 0' ~ e and the large pressure range 
over which the two phases exist are indicative of a 
martensitic transformation. (iii) Light microscopy 
of the transformation in a high-pressure diamond 
cell shows that the hcp (e) phase transforms abari
cally in a nonuniform manner characteristic of mar
tensite and not as a moving circular phase front 
common to most transformations seen in the micro
scope. (iv) The Po value for the 0':= e transformation 
was found to be 107 ± 8 kbar at 300 "K. (v) A reeval
uation of the pressure-temperature equilibrium dia
gram is in order, since the new Po value at room 
temperature places the triple point of 110 kbar and 
775"K in doubt . 
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