
PATENT SPECIFICATION    (11) 1 471 855 (21) Application No. 2942/76    (22)
Filed 26 Jan. 1976 (31) Convention Application No. 824 960
(19) (32) Filed 29 Jan. 1975 (31) Convention Application No. 826 201 (32)
Filed 28 Feb. 1975 in (33) Belgium (BE) (44) Complete Specification
published 27 April 1977 (51) INT [err] C21D 1/02 (52) Index at acceptance
C7N  3 8 B3V  2C 3 C7A  744 745 746 747 770 780 782 A249 A279 A28X A28Y
A329 A339 A33Y A347 A349 A369 A389 A409 A439 A459 A509 A529 A539 A53Y A54X
A579 A589 A58Y A609 A61Y A625 (54) PRODUCING ROLLED STEEL PRODUCTS (71)
We, CENTRE DE RECHERCHES   oid elements (Nb, V) which cause grain re-
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45 47 Rue Montoyer, Brussels, Belgium, a Bel-    In order to decrease the
austenitic grain 5  gian Body Corporate, do hereby declare the  size, it
has been suggested to subject steel invention, for which we pray that a
patent  rod, during rolling, to intermediate cooling may be granted to us,
and the method by  down to a temperature lower than [err], before which it
is to be performed, to be particularly  the rod enters the finishing stands
of the  50 described in and by the following statement:-  rolling mill. On
emerging from the finishing 10    The present invention relates to a method
stands, the rod undergoes rapid cooling in a of producing rolled steel
products, particu-  suitable cooling installation to a temperature larly
reinforcing rods or bars. Although in the  of 700C to 800[err], and then
slower cooling. following text specific reference is made to    It has been
also suggested to cool a steel  55 rods, the method in question is
applicable  rod, after it has emerged from the final stand 15  to numerous
types of sections (wire rod, mer-  of the rolling mill, by means of a fluid
so chant bar, etc.), whether of killed steel, bal-  as to cause martensitic
and/or bainitic quench- anced (semi-killed) steel, or rimming steel.   ing
of the surface of the rod. According to The main qualities required by
users of steel  this procedure, upon emerging from the fluid  60 rod are,
among other things, as high as  cooling installation, the unquenched part
of 20  possible an elastic limit for the kind of steel  the rod is at a
temperature sufficient to allow used, as well as satisfactory weldability,
tempering of the surface layer of martensite fatigue strength, and
ductility for the use  and/or bainite to take place (during air-cool- to
which the rod is to be put. On the other  ing) due to the heat of the core
of the rod,  65 hand, in order to improve the weldability  whereb  the rod
progressively assumes a 25  and ductility of a steel, it is necessary to
ferritic or ferritic-pearlitic structure, or pos- decrease its carbon and
manganese content,  sibly even a pearlitic-bainitic structure. In which
concurrently results in a decrease of  this way, a product of composite
structure is its tensile strength. To remedy this incon-  obtained.
70 venience, the steel can be subjected to a suit-    The cooling fluid
employed for carrying out 30  able cooling treatment, which permits the
such a procedure is usually water with or elastic limit of the rod to be
raised to a cer-  without conventional additives. However, it is tain
extent.                              also possible to use a gas such as
steam blown  - However, when rod (particularly concrete  at high speed,
possibly at supersonic speed,  75 reinforcing rod) is cooled by convection
or  onto the rod. 35  radiation, the way in which the rolled product    The
quenching and self-tempering proced- cools depends almost entirely on the
diameter  ure just described, improves the mechanical of the rod, so that,
for rod of a given diam-  properties of the rod to a substantial extent,
eter, it is necessary to make use of other  particularly as far as the
elastic limit is con-  80 procedures for complementing the mere cool-
cerned. 



40  ing action in order to modify its elastic limit.    The present
invention relates a method =        Among these procedures, reference
should be  capable of further improving to a substantial made in particular
to the addition of dispers-  extent the results obtained by the above-    2
1,471,855                                           2 mentioned procedures.
Moreover, the quality  finishing stand, whereas the intermediate cool- of
the rod may be improved without increas-  ing installation is located
between the stands ing the carbon and manganese contents un-   and
immediately preceding the finishing stands acceptably from the weldability
viewpoint.  and has its cooling device as close as possible  65 5     In
the method according to the invention  to the stands immediately preceding
the finish- the product, before entering the finishing     ing stands in
order to leave a gap sufficient stands of a rolling mill, undergoes a
cooling   for the homogenisation of the temperature of treatment by means
of a suitable fluid (such   the rod to take place. as water), the cooling
step being preferably    It has been found to be advantageous to   70 10
followed by homogenisation of the temperature   carry out in several steps
both the cooling of the product so that the product, upon   of the rod at
the outlet of the rolling mill entering the finishing stands, is brought to
a   and the cooling of the rod before entering substantially  uniform
temperature  between   the finishing stands. In this way, it is possible
[err] and [err]+150C, and preferably to a   to save water at the outlet of
the finishing   75 15   temperature above and as. close as possible  stands
and to increase the homogeneity in to [err]; the product, after emerging
from the   the temperatures of the rod before entering finishing stands,
undergoes quenching which   the finishing stands. results in a martensitic
and/or bainitic surface  Although the mechanical properties of the region
of the product; and the conditions of  rod, independently of the quenching
condi-   80           5 20   tie said quenching are adjusted in such a
tions applied to the rod, are improved with way that the central part of
the product, at  respect to rods which have not been subjected' the outlet
of the cooling area, is at a tem-  to the treatment of the invention, it
has been perature such that the quenched peripheral  found that for a given
dwelling time in the surface region thereof undergoes natural re-'  cooling
area the improvement increases with   85 25   heating due to the heat from
the core, and - the heat transfer coe ficient of the cooling in- the
surface region, at the end of the said   stallation used. Conversely, the
heat transfer natural reheating, attains a temperature of   coefficients
being equal, the improvement in- 450C  to 750C  (preferably of 550[err] to
creases with the dwelling time in the quench- 700[err]), which results in
tempering of the-  ing area.                                        90 30.
quenched surface region. On the other hand,     The method according to the
invention per- quenching of the product at the outlet of the   mits one to
obtain properties which are im- last finishing stand  together with rolling
at  proved, specifically as far as the elastic limit low temperature by
cooling the rods before  is concerned, to an extent higher than the
entering the finishing stands cause the trans-  sum of the improvements
individually obtained   95 35   formation of austenite into fine-grained
ferrite  in each of the steps of the method. and carbides in the central
part of the pro-   The following examples are intended to duct.
illustrate  quantitatively the  improvements In the following description
the product is  mentioned above, which give the method the referred to as
"rod".                         indisputable character of a combination
whose  100 40     According to the method of the present  results were
unforseeable and are still un- invention, it is possible to obtain a rod
having   explained.                                          20 a composite
structure whose periphery is con-: stituted by martensite and/or bainite
through-                Example 1 out a thickness which could be relatively
large  Rod with a diameter of 20 mm of balanced 45   (2 mm, for example),
the core consisting of  steel containing 0.30% C, 1/06% Mn, and       105
very fine grained pearlite. The rod thus ob- 0.08%  Si, emerging from a
rolling mill at a tained has a particularly high tensile strength, speed of
11.3 m/s, was treated in various elastic limit, and weldability. 



Preferably  the martensitic and/or bainitic   ways. The following
comparative Table I 50   surface layer has a thickness such that the
gives the characteristics of the rod in the cross-sectional area of the
part consisting of      following states: martensite and/or bainite amounts
to  l0 to 50%  (preferably 15 to .35%) of the total  column 1  natural
cooling at the outlet of the cross-sectional area of the rod.
rolling mill, 55.    From a practical point of view, the desired   column 2
only cooling before entering the cooling of the rod is. performed by
suitably            finishing stands, choosing cooling apparatuses and by
suitably  column 3  only surface quenching and term-  115 adjusting the
length and the location of such           pering at the outlet of the
rolling apparatuses (a sprayer, for example); in par-          mill, 60
ticular, the cooling devices are arranged as   column 4  combination of the
treatments in close as possible to the outlet of the last
columns 2 and 3.    2                                       1,471,855
3 TABLE I. 1    2       3       4 65
Temperature (C) at the outlet of the rolling mill          1055    895
1055    895 Elongation %            25     24      23      19 Ultimate
tensile 70                              stress (kg/[err])         56.4
55.7   61.5   69.8 Elastic limit kg/[err]                  35.7   37.7
46.5   57.5 Improvement 75
2      10.8. 21.8 Comparison of the improvements indicates
Example 2. that those under column 4 are considerably    Steel rod with a
diameter of 20 mm, con-  10 higher than the sum of those under columns
taining 0.18%  C, 1.29%  Mn, 0.035%  Nb, 80         5   and 3. It was also
found that the improve-  and 0.08%  Si, was subjected to the same ments
increased with the length of the cooling   operations as those referred to
in Example installation and the rate of supply of quench-  1. ing water.
The results obtained are reported in the  15 following Table II. The same
comments as 85 .                                                      those
made in connection with Table I apply to the results shown in Table II.
TABLE II. 1   2     3       4 TemperatureC at the outlet of the rolling
mill           1065    900   1065    900 9
Elongation %            28      27      19      18 95
Ultimate tensile stress (kg/[err])         52.3   54.6   63.4   67.3
Elastic limit (kg/mm)                 37.9   40       52      60.8 l00
-       2.1   14.1   22.9 20                  Example 3.
from the rolling mill at a speed of 12.5 m/s. This example deals with steel
rod with a  The remaining conditions were as in Example  25 diameter of 16
mm, containing 0.20%  C,  1. The results obtained are shown in Table 1.41%
Mn, and 0.09%  Si, and emerging  III. 105 TABLE III 



1      2       3       4 Temperature [err] 110
at the outlet of the rolling mill          1100    870   1100    870
Elongation %            25      26      22     16 Ultimate tensile stress
(kg/[err])         56.9   56.5   60.3   69.5 Elastic limit 115
kg/[err]                  37.6   38.8   47       59.1 Improvement kg/[err]
-        1.2    9.4   21.5 In other words, the above mentioned results
limit of the rod increases but little (3 kg/[err] 30  lead to the following
conclusions:         for a decrease of 115[err] at the outlet of the (a) If
one performs only cooling of the rod  rolling mill, for example).
35 before it enters the finishing stands, the elastic  (b) On the other
hand, if one combines the    4
1,471,855                                     4 two cooling operations.
before and after the  temperature of the product before it enters the
finishing stands, there is obtained a substan-  finishing stands comprises
a cooling step fol-   40 tial increase in the elastic limit  of the rod.
lowed by a temperature homogenisation step. Moreover, when cooling the rod
before the     5. A method as claimed in any of claims 5   finishing
stands, other things (particularly the   1 to 4, in which the
cross-sectional area of results obtained) being equal, it is possible  the
quenched surface region occupies 10 to to considerably reduce the
consumption of. 50%  of the total cross-sectional area of the   45 cooling
water and the length of the cooling   product. installation. (respectively
by 16%  and 44%   6. A method as claimed in claim  5, in 10  in the case
where the temperature of the rod   which the cross-sectional area of the
quenched at the outlet of the rolling mill is lowered  surface region
occupies 15 to 35%  of the by 115[err]) which would be needed for cool-
total cross-sectional area of the product.   50 ing only after the
finishing stands.         7. A method as claimed in any of claims 1 to 6,
in which the step of reducing the WHAT WE CLAIM  IS:-
temperature of the product before it enters 15     1. A method of producing
a rolled  steel  the finishing stands comprises cooling with product in a
rolling mill including    inishing  water.                               55
stands, the method comprising the steps of    8. A method as claimed in any
of claims reducing the temperature of the product,  1 to 7, in which the
step of quenching corm- before it enters the finishing stands, to a  prises
cooling with water. 20   value between [err] and [err]+ 150[err]; quench-
9. A method as claimed in any of claims ing the product emerging from the
finishing    1 to 8, in which the step of reducing the tem-  60 stands,
thereby forming a quenched surface  perature of the product before it
enters the region comprising martensite and/or bainite,  finishing stands
is carried out in several stages. the product still having an unquenched
core;    10. A method as claimed in any of claims 25   and allowing heat
from the core to raise the   I to 9, in which the quenching step is carried
temperature of the quenched 'surface region   out in several stages.
65 to a value between 450 and 750[err], whereby     11. A method of
producing a rolled steel the quenched surface region is tempered.   product
as claimed in claim  1, substantially 2. A method as claimed  in claim  1.
in  as described herein with reference to the 30   which the product enters
the finishing stands  Examples. at a temperature above and as close as pos-
12. A rolled steel product produced by a   70 sible to [err].
method according to any preceding claim. 3. A method as claimed in claim I
or 2, in which the heat from the core raises the            MARKS & CLERK,
35  temperature of the quenched surface region            Chartered Patent
Agents, to a value between 550 and 700[err].                  57-60
Lincoln's Inn Fields, 



4. A method as claimed in any of claims            London WC2A 3LS. l to 3,
in which the step of reducing the          Agents for the Applicants.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1977. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    4
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before and after the  temperature of the product before it enters the
finishing stands, there is obtained a substan-  finishing stands comprises
a cooling step fol-  40 tial increase in the elastic limit of the rod.
lowed by a temperature homogenisation step. Moreover, when cooling the rod
before the     S. A method as claimed in any of claims 5   finishing
stands, other things (particularly the   I to 4, in which the
cross-sectional area of results obtained) being equal, it is possible  the
quenched surface region occupies 10 to to considerably reduce the
consumption of  50%  of the total cross-sectional area of the   45 cooling
water and the length of the cooling   product. installation (respectively
by 16%  and 44%    6. A method as claimed in claim  5, in 10  in the case
where the temperature of the rod   which the cross-sectional area of the
quenched at the outlet of the rolling mill is lowered  surface region
occupies 15 to 35%  of the by 115[err]) which would be needed for cool-
total cross-sectional area of the product.   50 ing only after the
finishing stands.          7. A method as claimed in any of claims 1 to 6,
in which the step of reducing the WHAT WE CLAIM  IS:-
temperature of the product before it enters 15     1. A method of producing
a rolled steel  the finishing stands comprises cooling with product in a
rolling mill including finishing   water.
55 stands, the method comprising the steps of    8. A method as claimed in
any of claims reducing the temperature of the product,  1 to 7, in which
the step of quenching com- before it enters the finishing stands, to a
prises cooling with water. 20   value between [err] and [err]+150C; quench-
9. A method as claimed in any of claims ing the product emerging from the
finishing   1 to 8, in which the step of reducing the tem-  60 stands,
thereby forming a quenched surface   perature of the product before it
enters the region comprising martensite and/or bainite,  finishing stands
is carried out in several stages. the product still having an unquenched
core;   10. A method as claimed in any of claims 25   and allowing heat
from the core to raise the   1 to 9, in which the quenching step is carried
temperature of the quenched surface region   out in several stages.
65. to a value between 450 and 750[err], whereby     11. A method of
producing a rolled steel the quenched surface region is tempered.
product as claimed in claim  1, substantially 2. A method as claimed . in
claim  1, in  as described herein with reference to the 30  'which the
product enters the finishing stands  Examples. at a temperature above and
as close as pos-    12. A rolled steel product produced by a   70 sible to
[err].                               method according to any preceding
claim. 3. A method as claimed in claim I or 2, in which the heat from the
core raises the           MARKS & CLERK, 35  temperature of the quenched
surface region            Chartered Patent Agents, to a value between 550
and 700[err].                  57-60 Lincoln's Inn Fields, 4. A method as
claimed in any of claims             London WC2A 3LS. 1 to 3, in which the
step of reducing the           Agents for the Applicants. Printed for Her
Majesty's Stationery Office by the Courier Press. Leamington Spa, 1977.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
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