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Preparation and Beneficiation
Stirring effect in bath-smelting furnace with combined
blowing of top and side blown oxygen and bettom blown

nitrogen By T. Hirata et al.
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Smelting and Refining

Definition and determination of mixing time in gas agi-

tated liquid baths By G. G. Krisina Murthy et al.

Definition of mixing time has been examined more
closely and the reported concentration vs. time traces
were analyzed to determine mixing time. The obtained
values of mixing time were compared with those esti-
mated theoretically, employing numerical model of
Krishna Murthy. The comparisons suggested that the
mixing time values do not depend on the locations of the
measuring probe or tracer injection point. Only an im-
proper technique and instruments, or the misunder-
standing of the definition of the degree of mixing, led
some in the literature to believe that the mixing time
was a function of location of tracer injection and posi-
tion of the measuring probe. It was, therefore, con-
cluded that the true characteristic value of mixing time,
for a given set of operating conditions, should be inde-
pendent of location of measuring probe and tracer injec-
tion.

Solidification Processing

Mathematical modelling of thermal stratification and

drainage of steel ladles By P. R. AusTiN et al.

Transient analysis of the temperature and velocity
distributions of steel during ladle standing and draining
has been conducted using a mathematical model based on
the PHOENICS numerical package. Parameters in-
vestigated were stand time, average steel cooling rate,
drainage rate and ladle geometry. Stratification was
seen to develop due to natural convection, and the rate
of stratification was found to be linearly dependent on
the average steel cooling rate, independent of ladle
geometry. Qualitative relationships were found be-
tween the parameters and the teeming temperature dur-
ing draining. Plant trials showed good agreement be-
tween simulated and actual teeming temperatures.

Microstructure
Effect of controlled rolling on texture development in a

plain carbon and a Nb microalloyed steel
By R. K. Ray et al.

The effect of finish rolling temperature was investi-
gated on texture formation in a plain C and a 0.034% Nb
microalloyed steel. When finish rolled at 1020°C (i.e.
within the 7 recrystallization range), the textures in
both steels contain the {001} <110> and {110}<110>
components. The sharpness of the {001} <{110> com-
ponent generally increases with decreasing finish rolling
temperature down to 630°C, while the }110}<110>
component gradually weakens and finally disappears af-
ter ferrite rolling. The microalloyed steel displays a
much sharper texture than the plain C steel when finish
rolled at 870°C (i.e. within the 7 pancaking range for
the Nb steel) and at 730°C (in the 7+ ¢ intercritical
range). After finish rolling at 870°C, the major tex-
ture components in the microalloyed steel are {113}
<110> and {332{<113>, in addition to the above two,
while the plain C steel texture only contains some low
intensity maxima. When finish rolled at 730°C, weak
peaks appear at {223} < 110> and {554} <225> in the
plain C steel and stronger ones at {4411} <110> and
15541 < 225> in the microalloyed steel. After warm
rolling at 630°C, the major texture components in both
steels are {223}<110> , {554}<225> and {001}
<110>.

The {001{<110> and {110} <110> components are
obtained, by transformation, from the {100}<C001>
(cube) and {122} <212> (twinned cube) components of
the recrystallized 7. By contrast, the {113}<110>
and {332{<113> components originate, respectively,
from the {112}<111> (copper) and {110}<112>
(brass) components of the unrecrystallized 7. During
continued rolling in the ¥+ o or a range, these trans-
formation texture components are further modified by
deformation and ultimately give rise to the stable end
orientations which constitute the well-known warm roll-
ing texture in steels.

Influence of hot strip rolling parameters on austenite re-
crystallization in interstitial free steels
By A. NajaFi-Zabet et al.
The influence of total finishing strain (from 2.1 to
3.2) and first finishing pass temperature (from 990 to
930°C) was investigated by means of multi-pass torsion
tests on three IF steels containing Ti and/or Nb. All
the tests were carried out at a strain rate of 2s 1.
Under strip rolling conditions, static recrystallization is
responsible for the high degree of interpass softening in
the early passes of rolling. During the final passes,
dynamic recrystallization occurs to a degree that de-
pends on the composition of the steel, the total finishing
strain and the temperature. The critical temperatures
of the IF steels were defined by using a simulated plate
rolling schedule. Subjected to the same strip rolling
schedule, the niobium stabillized steel had the finest,
whereas the titanium stabillized grade had the largest
ferrite grain size. The present IF steels exhibit high-
er no-recrystallization temperatures (T,’s) during
strip rolling (1-2s interpass times) than under plate
rolling conditions (30 s interpass times).

Effects of cold deformation on the morphology of a pre-
cipitates in 8 titanium alloys By H. Onvama et al.
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Mechanical Behavior
Analysis of the occurrence of dynamic recrystallization
in hot rolling by modeling of the stress-strain curve
(Review)
By T. Fuita et al.
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Characteristics of vanadium and titanium microalloyed
steels forged at intermediate (warm) temperatures
through simulation by torsion (Note)

By F. PenaLsa et al.

This study concerned the response of medium carbon
steels microalloyed with vanadium and titanium, to de-
formation in intermediate (“warm”) temperature zone.
Titanium varies from 0.003 to 0.039% in weight.

A critical automotive component (the constant veloc-
ity universal joint) warm-forged has been studied by
means of a hot torsion simulation technique. Besides
its warm-ductility, the influence of the heating tempera-
ture before “warm” forging, the “warm” deformation
temperature and the weight percentage of Ti on the fin-
al steel properties (grain size, microstructure and
hardness), was determined.

It was found that the optimal ductility is reached be-
tween 750 and 775°C and that the best characteristics
(smallest grain size and highest hardness) are obtained
with a Ti weight percentage of 0.019% and at lower de-
formation temperatures (from 700 to 750°C). Hence,
the automotive component might be warm-forged close
to 770°C in order to obtain the best mechanical charac-
teristics with enough warm-ductility to avoid warm-
forging problems.

Influence of dynamic recrystallisation on the tensile duc-
tility of steels in the temperature range 700 to 1150°C
By B. Mintz et al.

The role of dynamic recrystallisation (DRX) in in-
fluencing the hot ductility of plain C-Mn and microal-
loyed steels was examined by comparing the critical
strain for dynamic recrystallisation with the fracture
strain in a hot tensile test. The temperature range ex-
amined was 700 to 1150°C and the strain rates were
varied from 3X10" 2 to 3X10 %s™ L

For coarse grained plain C-Mn and C-Mn-Al steels
solution treated at 1330°C and cooled to the test
temperature, the presence at the ¥ grain boundaries of
thin films of deformation induced ferrite at tempera-
tures between the Aes and the undeformed Arj, leads to
strain concentrations which give rise to poor ductility.
The presence of these thin films prevents the occurr-
ence of DRX. For these steels, the Ae; temperature,
which marks the onset of good ductility is generally
high enough to lead to DRX, so that it is not possible to
assess its independent contribution to restoring the hot
ductility. In coarse grained C-Mn-Nb-Al steels, DRX
and the full recovery of ductility are often not observed
until the test temperature is higher than 1000°C. This
is related to the strain-induced precipitation of NbCN
below 1050°C. However, even when recrystallisation is
not possible, the ductility can be improved if the amount
of strain-induced NbCN is reduced.

For fine grained plain C-Mn and microalloyed steels
heated directly to the test temperature, DRX often
occurs in the trough. Grain boundary migration rates
have to be sufficiently high to prevent crack linkage
from occurring, and this often necessitates the resolu-
tion and coarsening of particles so that they are no lon-
ger effective in pinning the boundaries. Finally, of in-
terest in this work was the observation that as the ini-
tial grain size d, is refined, its influence in encouraging
DRX becomes more marked than that given by the sim-
ple d,'? relationship in the equation &, = Ad,)V? Z,,
where ¢, is the critical strain to the peak stress, Z is
the Zener-Hollomon parameter and A and n are con-
stants.

Analysis of the occurrence of dynamic recrystallization
in hot rolling by modeling of the stress-strain curve
(Note) By R. A. N. M. Bareosa et al.

Surface and Environment

Influence of heat treatment on the properties of wear re-
sistant tungsten carbide embedded nickel base coating

produced by gas thermal spray process
By P. K. GuosH el al.
The hard surfacing of mild steel substrate was car-
ried out by thermal spraying of commercially available
nickel base tungsten carbide powder under oxy-acety-
lene flame. The influence of pre and post spray heating
on the morphology, hardness and wear characteristics of
the coating were studied. The increase in preheating
upto 400°C and post spray heating upto 900°C was found
to enhance the hardness and wear resistance of the
coating. However, the properties of the coating were
found to vary across the coating showing a maximum
hardness and wear resistance in the region somewhere
in between its surface and the interface with the mild
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spray heat treatment has been analysed as a cause of
variation in distribution of property across the coating.

steel. The possibilities of occurring of various kinds
of transformation during spraying as well as during post
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