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Vanadium is a very strong ferrite stabilizer with 
high solubility in pure iron. However, it has a great 
affinity for carbon and nitrogen so that vanadium 
steels are largely controlled by solubility relationships. 
Vanadium in solution in austenite has a direct effect on 
both hardenability and recrystallization during hot 
working. The amount of vanadium in solution at 
elevated temperatures controls the extent of pre
cipitation during cooling to give ferrite-pearlite struc
tures or during the tempering of martensite and 
bainite. Because the solubilities of vanadium carbide 
and vanadium nitride are very different, the relative 
amounts of carbon and nitrogen in vanadium steels are 
important. So is the presence of other elements which 
may compete for nitrogen, such as aluminum. 

Vanadium (atomic weight, 50.942) has a b.c.c. structure 
with lattice parameter 3.0231Aat25°C. This value relates to 
a material of estimated purity 99.998%. Higher values of the 
lattice parameter are frequently quoted but these relate to 
material of lower purity. The melting point has not been 
established with high accuracy but is close to 1900°C 
(3452°F). 

As might be expected from the crystallographic data, 
vanadium and iron are completely miscible at high tempera
tures .. The equilibrium diagram for the iron-vanadium 
system is well established; details may be found in the Metals 
Handbook. The most interesting feature of the diagram, in 
relation to the use of vanadium in steels, is the existence of a ')'
loop which limits the existence of the y-phase to alloys 
containing less than 1.5% vanadium. Clearly vanadium is an 
ex-stabilizer. However, additions of up to 0.2% vanadium 
lower the A3 temperature, i.e. the y-loop displays a minimum 
similar to that observed in the iron-chromium system; thus, 
in small quantities, vanadium acts as a y-stabilizer. 

Interdiffusion coefficients in dilute solutions of va
nadium in both ex and y iron ate reasonably well established. 
The most reliable data are those of Haworth and Morton2
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who obtained the results shown in Table I for the parameters 
in the equation: 

Equation 1 

Table I. lnterdiffusion data for vanadium in a: and 'Y iron* 

a, kJ/mol 0 0, mm2/sec 

Ct 242:t: 2 398 ± 75 
'Y 293 ± 4 365 ± 140 

* The errors quoted are one standard deviation 

J. H. Woodhead 
(University of Sheffield, England) 

from their own electron probe microanalysis data and 
selected data from earlier work. These results indicate that 
the diffusion of vanadium is relatively rapid, particularly in y
iron as shown by the relative diffusion coefficients in Table II. 

The interdiffusion coefficient for iron-vanadium in 
austenite is markedly increased by the presence of carbon in 
the alloys. The diffusion coefficient is fncreased by a factor of 
5 by the addition of 1 % carbon. The effect of smaller amounts 
of carbon may be obtained easily, as the logarithm of the 
multiplying factor is proportional to the carbon 
concentration 2•
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In the ternary iron-carbon-vanadium system the major 
feature, relevant to steels, of the equilibrium diagram is a 
marked reduction in the solubility of carbon in austenite as a 
result of the ready formation of vanadium carbide, VC. 

CARBIDES AND NITRIDES 

The high affinity of vanadium for carbon and nitrogen 
and the low solubility of the carbide and nitride are 
responsible for the major effects of vanadium on the proper
ties of steels. Both the carbide and the nitride are responsible 
for the major effects of vanadium on the properties of steels. 
Both the carbide and the nitride have f.c.c. NaCl type 
structures, so ideally they should be representable as VC and 
VN. However both compounds have defect lattices in which 
some of the sites for carbon or nitrogen are unfilled. In both 
cases the stoichiometry can range from about VX0 . 7 s to VX, 
where X is either carbon or nitrogen. In steels, the com
position of the carbide tends towards the bottom of the range 
and, consequently, it is often referred to as V 4 C3: it is 
probably best to symbolise the compound as VC 1 _x but in 
this paper VC will be used so as to emphasise its crystallog
raphy. The nitride in steels tends towards the upper limit of 
the range and is therefore generally described as VN. The two 
compounds show complete mutual solubility so that carbo
nitrides VC,Ny of variable composition, but with the re
striction that x+y falls in the range 0.75 to 1, are found in 
steels. 

The lattice parameters of the various compounds have 
been established by Brauer and Schnell. 1
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parameter of the carbide varies from 4.1285A for VC0 . 75 to 
4.1686A for VC0 .92: that of the nitride from 4.066A for 
VN0 .72 to 4.1398A for VN. As would be expected, the 
carbonitrides show parameters anywhere between the lowest 
and highest of the values given above, depending on the 

Table 11. Diffusion coefficients relative to self-diffusion 
for various elements in iron 

v Cr Mn Fe Ni 

'Y at 100()° C ( 1830° Fl 2.7 2.1 1.8 1 0.3 
aat800°C (1470°F) 2.0 1.7 2.3 1 0.9 
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