
Columbium in ferritic steels 
Among the more interesting re

cent developments in ferrous physi
cal metallurgy is the use of small 
additions of columbium to semi
killed low- and medium-carbon 
steels. The additions are generally 
in the range of % to 1h lb per ton of 
steel. The effects of these additions 
on microstructures and mechanical 
properties have been discussed by 
C. A. Beiser in ASM 1959 pre print 
No. 138, reviewed in Metal Progress, 
Nov. 1959. The ferrite grain size in 
0.20 pct C plates, hot-rolled or norm
alized, can be reduced about one 
ASTM number by a columbium con
tent of 0.03 pct. Greater concentra
tions produce little additional refine
ment. The 0.2 pct offset yield 
strength of hot-rolled plates was in
creased about 5000 psi for each 0.01 
pct of recovered columbium, and 
again, the initial increments were 
most effective. Above about 0.04 pct 
Cb, there was little additional in
crease in yield strength. The ulti
mate tensile strength increased about 
3000 psi for each 0.01 pct Cb, in the 
same range. The elongation and re
duction of area were slightly re
duced. In the normalized condition, 
the increase in yield strength was 
about 3000 psi per 0.01 pct Cb, and 
the tensile strength remained un
changed. The elongation and reduc
tion of area were slightly increased. 

The Charpy V -notch 15 ft-Ib tran
sition temperature of hot-rolled 
steels was raised about 12°F for each 
0.01 pct Cb, up to about 0.04 
pct-rather surprising in view of 
the accompanying reduction in fer
rite grain size. The increase in tran
sition temperature continued with 
increasing columbium additions, but 
at a slower rate. Electron micro
graphs revealed an almost continu
ous network of grain-boundary car
bide films in the hot-rolled plates, 
which might explain the decreased 
notch-toughness, but these films did 
not appear in normalized plates in 
which notch-toughness was im
proved by the columbium addition. 

Analysis of carbides separated 
from these steels showed them to be 
enriched in columbium and nitrogen. 
Absorption of nitrogen into the car
bide phase will affect strain-aging 
behavior. The extent of such effects 
will probably depend upon the 
columbium content and the thermal 
history of the steels. 

Unless economical means can be 
devised to eliminate the detrimental 
effect of columbium on notch-tough-
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ness of hot-rolled plate steels, it is 
likely that columbium-treated steels 
will be used principally in sheet 
form, for which impact properties 
are less important. 

Open-coil annealing 
Although the economics of the 

process have yet to be proved by 
large-scale production, the possibil
ities inherent in the open-coil an
nealing process are truly intriguing. 
In this process, coils of cold-rolled 
steel are recoiled with a thin cord 
between the windings. When the 
cord is withdrawn, spaces are left 
between the windings, and the an
nealing gas can make intimate con
tact with all parts of the coil. In 
the continuous annealing process 
the cold-rolled strip is in intimate 
contact with the annealing atmos
phere, but only for a limited period. 
In conventional box annealing, as 
shown by R. M. Hudson and G. L. 
Stragand in ASM 1959 preprint No. 
150, the composition of the furnace 
gas differs from that of the gas 
supplied to the furnace, and the gas 
within the tight windings of the 
coils is different from both of the 
others. From the standpoint of con
trolled processing, both continuous 
annealing and box annealing leave 
something to be desired. 

The open-coil annealing process 
offers the following advantages: 

1. Close control of the composition 
of the annealing gas in contact 
with the steel, and complete ex
posure of the steel to the atmos
phere; 

2. Close control of annealing tem
perature over a wide range; 

3. Rapid heating and cooling; and 
4. A wide choice of annealing cycles. 

Control which formerly could only 
be exercised in the laboratory may 
perhaps be applied to high-tonnage 
production. Thus, we may see com
mercial sheets containing vanish
ingly small amounts of carbon and 
nitrogen, with all that entails. There 
appear to be excellent prospects for 
improvement of present flat-rolled 
products and for the development of 
new products with unusual proper
ties. 

Properties of high-purity 
iron-carbon alloys 

Extensive work on the mechanical 
properties of high-purity iron-car
bon alloys done at the University 
of Pennsylvania has been summar
ized by R. M. Brick in Report SSC-

94, Mar. 31, 1959, of the Ship Struc
ture Committee, transmitted through 
the National Academy of Sciences. 
True stress-true strain tests of iron 
containing 0.02 to 0.49 pct C at tem
peratures from-185° to 23°C, in
dicated that yield strengths and 
flow stresses increase continuously 
with increasing carbon and with 
decreasing temperature.' The grain 
size was constant at about ASTM 4. 
Fracture stresses also increased with 
decreasing temperature, at least un
til the tensile transition temperature 
was reached. Ductility at all tem
peratures decreased with increas
ing carbon content. 

The ferrite grain size was varied 
in a series of alloys containing from 
0.02 to 0.12 pct C. For an 0.02 pct C 
alloy, ferrite grain size was the fac
tor which controlled ductility at low 
temperatures. For higher carbon 
contents, the ductility at liquid air 
temperatures was determined by 
both ferrite grain size and carbide 
distribution. Carbides precipitated in 
ferrite grain boundaries reduced 
ductility. Spheroidization of the car
bides improved the total strain at 
liquid air temperatures. The strain 
hardening exponent decreased with 
increasing carbon content, with in
creasing ferrite grain size, and with 
decreasing temperature. Substruc
ture, produced during the austenite
ferrite transformation, increased the 
yield strength at low temperatures. 

Some interesting results were ob
tained in a study of the V -notch 
Charpy impact behavior of alloys 
containing 0.003 to 0.03 pct C. Pre
cipitation of carbides in the 400° 
to 700°C range caused a decrease 
in hardness and yield strength, but 
an increase in the impact transition 
temperature. Brick concluded that 
the precipitated carbide.. particles 
initiate cracks, but inasmuch as the 
transition becomes less abrupt, he 
also postulated that the particles in
hibit crack propagation. Direct 
evidence to support this hypothesis 
may be difficult to obtain, but the 
effort is probably justified. The 
transition temperature of ferrite 
with substructu,re was higher than 
that of ferrite with no substructure. 
The effect of substructure seems to 
be opposite to that of grain size. For 
alloys containing about 0.015 pct C, 
quenching from Al leads to a mini
mum in the impact transition tem
perature. This is similar to the 
results obtained by Josefsson (AIME, 
Trans., vol. 200, p. 652, 1954) on 
€ommercial steels with this carbon 
content). 
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