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1
METHOD FOR HEAT TREATING STEEL WIRE
ROD

This application is a continuation of Ser. No.
743,101, filed July 8, 1968, and now abandoned.

The invention relates to an apparatus for heat treat-
ing of hot, patentable steel rod (for instance rod having
a carbon content of more or slightly more than 0.4 per-
cent by weight) from the rolling temperature, in which
after the rod leaves the last stand of a rod mill, the sur-
face is quenched in successive stages and reheated by
temperature compensation with its internal cross-
section, and subsequently transformed in the pearlite
transformation range.

According to the present invention, there is provided
an apparatus for heat treating hot, patentable steel rod
after the rod leaves the last stand of a rod mill, compris-
ing means for quenching the surface of the rod to a
temperature of about 70°C above the martensite trans-
formation temperature in each of a number of succes-
sive quenching stages and allowing the surface of the
rod to be reheated after each quenching stage by heat
from the center zone of the rod so that the rod enters
the pearlite transformation zone when temperature
compensation is still occurring between the center and
peripheral zones of the rod and with an average tem-
perature of about 600° to about 650°C and the temper-
ature of the rod surface is raised to above the upper
bainite temperature before transformation begins, and
reeling the rod when a substantial peripheral zone of
the rod is predominantly transformed to a pearlitic
structure.

Preferably, said peripheral zone has a radial thick-
ness of about 10 to about 20 percent of the rod diame-
ter. Hot rolled rods usually have a diameter of between
5 and 12.7 millimeter, and in the case of a thick rod,
said peripheral zone may have a radial thickness of

about 10 percent of the rod diameter whereas in the

case of a thin rod, said peripheral zone may have a ra-
dial thickness of about 20 percent of the rod diameter.
Preferably, the rod is reeled when the peripheral zone
has been 50 to 70 percent transformed to a pearlitic
structure.

Once the transformation of the peripheral zone has
occurred in the manner described, the remaining heat
content of the center zone is not able to transmit a high
enough degree of heat to the peripheral zone as to
cause the pearlite to be transformed back into austen-
ite, which would involve the risk of renewed martensite

- formation. On the other hand, the peripheral zone pre-
vents the spontaneous cooling of the center zone,
which has not yet undergone transformation, by con-
tact between the surface of the rod and the cold por-
tions of the reel (or conveyor); such spontaneous cool-
ing would result in the formation of martensite in the
core. '

Additional protection against too much heat being
withdrawn from the metal when the surface comes into
contact with the cold portions of the reel is afforded by
the thin layer of scale which forms on the surface of the
rod during cooling. This offers substantial resistance to
the conduction of heat and thus also favors a transfor-
mation process which avoids the formation of martens-
ite or bainite. :

The method performed by the apparatus of the in-
vention whereby the surface of the rod is cooled in in-
termittent stages down 400°C or less can be used di-
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rectly after the rolled rod leaves the finishing stand of .
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the rod mill. Due to the strong cooling effect which has
to be employed, the first stage of quenching produces
a structure which is exceedingly fine-grained because
of the foregoing deformation. This results in a shift of
the time-temperature transformation curves for the be-
ginning and end of the pearlite transformation in such
a way that pearlite transformation begins and finishes
very early. This means that it is possible considerably
to shorten the cooling system which follows directly
after the finishing stand and to make it of a length cor-
responding to the product of the rolling speed and a
time of about 0.6 to about 0.7 seconds. When, for ex-
ample, the rolling speed is 50 m/s, the cooling system
only need be between 30 and 42 meters in length. Once
the peripheral zone of the rod has entered the zone of
pearlite transformation, the rod may be laid in non-
concentric turns or coiled without any risk of the local
formation of undesirable structures in the peripheral
zone. The contact between the surface of the rod and
the cooler portions of the reel thus no longer has any
effect and instead almost the whole of the resulting
structure is sorbitic.

In the cooling system, which may operate by the al-
ternate effects of water and air, there is now no forma-
tion of martensite, in spite of the fact that the surface
temperature of the rod is near that of martensite trans-
formation. This is due to the fact that the center zone
of the rod still contains a sufficient amount of heat that
it is able to reheat the surface before the next water-
cooling stage to such a degree that even during water
cooling the temperature never drops below the point of
martensite transformation. Once the average cross-
sectional temperature of the wire rod has reached 600°
- 650°C, pearlite transformation commences in the pe-
ripheral zone. The intermittent cooling to below 400°C
and to a temperature of about 70°C above the martens-
ite transformation temperature results not only in the
cooling time being substantially shortened but also in
the fact that, as a result of the shift in the pearlite trans-
formation range, conditions favor optimum cooling
during this shorter period.

The apparatus comprises a series of alternate water
and air cooling units through which the rod is arranged
to pass, for positioning after the last stand of a rod mill
but before a reel, the cooling effect of the water cooling
units ‘becoming less (for instance the water cooling
units becoming shorter) in the direction of travel of the
rod according to a logarithmic relationship and the air-
cooling units becoming longer in the direction of travel
of the rod according to a logarithmic relationship, the
overall length of the cooling units being equal to the
product of the rod speed and a time of about 0.6 to
about 0.7 seconds. According to the present invention,
there is in addition provided a combination of a rod
mill, apparatus according to the invention and a reel,
for rolling, heat treating and reeling hot, patentable
steel rod. :

The invention will be further described, by way of ex-
ample, with reference to the accompanying drawings,
in which:

FIG. 1 is a time-temperature transformation diagram;
and

FIG. 2 is a schematic elevation of apparatus in accor-
dance with the invention.

FIG. 1 could illustrate the transformation of any of
the steels EN 42 and EN 42 B to EN 42 I (British qual-
ity); EN 42 B corresponds to DIN 11221 (German
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standard). FIG. 1 shows, in the usual manner, the trans-
formation curves and the transformation temperatures
A;, A, and M,. Pearlite transformation takes place in
zone I, ferrite transformation in zone II and bainite (in-
termediate stage) transformation in zone III. Pearlite
transformation commences at a temperature of about
600° after about 0.6 seconds, due to the fine-grain for-
mation of the structure obtained as a result of the
strong cooling effect. The rod leaves the finishing stand
at a temperature of about 950°C. Three temperature
curves illustrate what occurs during the cooling process
effected directly the rod leaves the mill. Curve a
represents the temperature of the rod core, curve b the
average temperature of the rod as a whole and curve ¢

the surface temperature. For reasons of clarity only
three successive quenching processes are illustrated.
Generally a greater number of successive cooling pro-
cesses will be possible, more quenching operations
being feasible in the case of small diameter rods than
in that of large-diameter rods, because of the more
rapid equalization of temperature between the core
and the periphery. At each quenching stage the metal
is cooled to temperature T, which, as already men-
tioned; is below 400°C and is about 70°C above the
martensite transformation temperature M,. During the
following air-cooling stage, the effect of which is much
weaker, the surface temperature rises due to the flow
of heat from the center to the surface of the rod, and
is then recooled. A complete equalization of tempera-
ture between the core and periphery does not occur
since this would require more time. The temperature of
the core, as illustrated by curve a and the average tem-
perature as illustrated by curve b have an approxi-
mately logarithmic shape which is slightly wavy in ac-
cordance with the varying conditions of cooling at the
surface of the rod. The last cooling stage in the system
may have its effect shortly before pearlite transforma-
tion commences since transformation does not require
that the temperature of the core, the average tempera-
ture of the rod as a whole, and the surface temperature
should closely approximate. It is sufficient that the sur-
face temperature be, as shown in the drawing, in-
creased (by the process of temperature equalization
which results from the higher temperature of the core)
just to the point which ensures that the metal does not
pass through the bainitic transformation zone III. It is,
of course, possible also to advance the last quenching
stage so that the three temperatures develop almost
uniformly or reach almost the same value before enter-
ing the lower pearlite zone.

After pearlite transformation has commenced in
zone | and a peripheral zone of the rod equal to 10 to
20 percent of the rod diameter has undergone a 50 -~
70 percent transformation, it is possible to lay the wire
rod in loops or coil or reel it, as already described, with-
out incurring the risk of undercooling causing martens-
ite or bainite formation in the peripheral zone. Thor-
ough tests, during which portions of rod were quenched
immediately laying or coiling commenced in order to
effect transformation of the residual austenite, con-
firmed that the peripheral zone was only composed of
pearlite, with the possibility of some ferrite. The more
intensive cooling of the peripheral zone made it possi-
ble to achieve, in addition to a fine-grain structure, a
considerable increase in the buckling resistance of the
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rod, thus improving guidance of the rod.

In order to achieve the cooling effect desired, it is
sufficient and also advisable that the surface of the rod
be reheated after each water-cooling stage to a temper-
ature which is below 600°C and that the following
quenching process commences at this temperature.

As already mentioned, the cooling system comprises
alternating water and air cooling units. FIG. 2 shows
this cooling system, which follows a rod mill finishing
stand having rolls 1 and 2. The layout was designed on
the basis of a final rolling speed of 40 meters/sec. and
an overall throughput time of 0.6 sec. The total length
of the cooling system is 24m.

The rolling stand is directly followed by a cooling
tube 3 from which water is conveyed on to the rolled
material W, shown as a broken line; this is followed by
an air-cooling unit 4. This in turn is followed by another
water-cooling unit 5 succeeded by an air-cooling unit
6. If we assume that the cooling effect in the individual
units is proportional to the length shown in the diagram
we arrive at the fact that, in view of the decreasing tem-
peratures shown in FIG. 1, the length of the cooling sys-
tem units shown in the drawing at the odd numbers
steadily decreases as the rod passes through the cooling
system. The individual water-cooling units 3,5,7,9 and
11 are of logarithmically related lengths. Conversely, in
view of the gradual reduction in the heat content of the
rod, the time required for reheating increases — a fact
which has been taken into account from the point of
view of the cooling system in that these air-cooling
units 4,6,8,10 are of logarithmically increasing length.
The final air-cooling unit 12 is, on the other hand,
somewhat shorter in order to compensate for the extra
air cooling which still takes place in the laying reel 13.

In the reel 13, the rod W is shifted out of its horizon-
tal path so as to form loops 14 which tip forwards over
an edge surface (not shown in detail in the drawing)
and out of the reel so as to tilt and drop downwards, as
illustrated by loop 15. They are then conveyed forward
by the belt 17 in successive and partly over-lapping
loops 16, to which end the conveyor belt 17 is passed
over rollers 18, at least one of which is driven.

I claim:

1. Apparatus for heat treating hot, patentable steel
rod whose temperature is initially above the A,
transformation point, as the rod issues from the last
stand of a rod mill, the apparatus comprising a series of
at least three successive water cooling units and at least
three successive air cooling units arranged as alternate
water and air cooling units through which the rod is
adapted to pass, the cooling effect of the water cooling
units becoming less in the direction of travel of the rod
according to a logarithmic relationship and the air
cooling units becoming longer in the direction of travel
of the rod according to a logarithmic relationship, the
overall length of the cooling units being equal to the
product of the rod speed and a time of about 0.6 to
about 0.7 seconds.

2. Apparatus as claimed in claim 1, wherein the water
cooling units become shorter in the direction of travel
of the rod according to a logarithmic relationship.

3. Apparatus as claimed in claim 1 in combination
with a reel, for rolling, heat treating and reeling hot,

patentable steel rod.
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