
Vanadium in cast irons

Effects of vanadium

Vanadium strongly promotes the formation of eutectic iron carbide or'chill' and, at levels
above about 0'6 per cent, eutectic carbide is likely to occur in the srructure even in
relatively thick sections.

In grey irons-Vanadium contents up to about 0.5 per cent are very effective for
increasing the tensile strength-an increase of 0. I per cent vanadium raises the tensile
strength by l5-30 N/mm2 (l-2 tonflin'?) in both as-cast and annealed grey iron.

The hardness of pearlitic grey irons is increased by 8-10 points HB for each increase of
0' I per cent vanadium up to about 0' 5 per cent. The increase in hardness is reduced to
4-5 points HB in grey irons annealed to a ferritic matrix.
Vanadium additions increase the wear resistance of grey irons. Large diesel cylinder-
liners may contain 0'3 per cent vanadlum and 0.2 per cent phosphorus to produce a
dispersed hard phosphide/carbide complex which is beneficial under conditions of
marginal lubrication.

In nodular (SG) irons-In annealed ferritic nodular irons vanadium additions up to
about 0'5 per cent progressively increase tensile strength, prooFstress values and
hardness, and only slightly reduce the elongation and room-temperature impact values.

In as-cast pearlitic nodular irons similar vanadium levels cause a small increase in prooG
stress values but have no significant effect on tensile strength.

In both ferritic and pearlitic nodular irons the hardness is increased by about l0 poinrs
HB for each 0.1 per cent increase in vanadium up to about 0.5 per cent.

In malleable irons-Although small amounts of vanadium (<0.2s/o) can produce
significant improvements in the properties of malleable irons, vanadium has an adverse
effect on annealing and is therefore normally avoided.

Table 1 Effects ol vanadium on mechanical properties of some types of cast iron.

Type of
iron

No vanadium 0'57o vanadium

0'2Vo'prool
stress,

,N/mm2

Tensile
strength,
N/mm'

Hardness,
HB '10/3000

Elongation
o/o

O'2Vo prool
stress,.
N/mm'

Tensile
strength,
N/mm'

Hardness,
HB 10/30€0

Elongation
%

Flake graphite -
as-cast pearlitic 236 194 343 245

Flake graphite -
annealed ferritic 125 99 192 't26

Nodular graphite-
as-cast pearlitic 411 697 235 4 62 697 265 3

Nodular graphite-
annealed ferritic 273 423 143 20 318 459 173 t4
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Sources and addition of vanadium

Deliberate additions-Vanadium is available as ferrovanadium containing 50 or 80 per
cent vanadium. This is readily soluble in molten cast irons and recoveries above 90 per
cent can be expected from additions to ladles or to electric furnaces provided they are
made to clean hot metal. Additions to cupola charges are nor recommended, owing to
variable losses in the furnace.

Metal quantities and addition weights must be measured accurately to avoid over-alloying
and consequent eutectic carbide formation.

Vanadium is not lost from cast iron on remelting, so the amount present in return scrap
must be taken into account when the additions are calculated.

Contamination at trace levels-Trace amounts of vanadium (below 0.1 per cent) can
occur from the use offurnace charges containing:
I Alloy steel scrap such as HSLA (high-strength low-alloy) steels, chrome/vanadium

steel, or high'speed steel. Vanadium is also increasing in use as a minor alloying
element in some structural steels.

2 Certain types of paint and vitreous enamel containing vanadium-bearing pigments.
\- 3 Pig irons made from vanadium-bearing ore. Pig irons containing vanadium (0.4-0.7

per cent) can also contain titanium in the range 0.3-0.5 per cent.
4 Synthetic pig irons made from charges conraining items I and,2.

Fig. I Inclusions of vanadium carbide in grey iron
containing 0.59o V. Etched in 49o picral. x 1500
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Fig. 2 Fine precipitate in annealed ferritic nodular iron
con_taining 0.Syo V. Etched in 4go picral/HCl.
x 1500
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