wo 2010/055067 A1 I 0K 0 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(9 World Intclectuat Poperty Organization. /55 || MR NN B AMR RO RO
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
20 May 2010 (20.05.2010) PCT WO 2010/055067 Al
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
C21D 8/08 (2006.01) B21B 45/02 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
C21D 9/52 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. o KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PCT/EP2009/065003 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE, S@G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
11 November 2009 (11.11.2009) TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(30) Priority Data: ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
MI2008A001991 11 November 2008 (11.11.2008)  IT TM), European (AT, BE, BG, CIL, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for all designated States except US): MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
DANIELI & C. OFFICINE MECCANICHE S.P.A. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
[IT/IT]; Via Nazionale, 41, I-33042 Buttrio (IT). ML, MR, NE, SN, TD, TG).
(72) Inventors; and Declarations under Rule 4.17:
(75) Inventors/Applicants (for US only): TOSCHI, ; , .
Francesco [IT/IT]; Via Marecchia, 20, 1-48100 Ravenna o ;Ote‘;’;p(%‘l’:;s ;’Zgﬁemem to apply for and be granted
(IT). PAOLONE, Rolando [IT/IT]; Via Cividale, 54, p :
1-33042 Buttrio (IT). Published:
(74) Agents: CINQUANTINI, Bruno et al.; Notarbartolo & —  with international search report (Art. 21(3))
Gervasi S.p.A., Corso di Porta Vittoria, 9, [-20122 Milan  __ before the expiration of the time limit for amending the
am). claims and to be republished in the event of receipt of
(81) Designated States (unless otherwise indicated, for every amendments (Rule 48.2(h))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: PROCESS OF ROLLING AND OF THERMAL TREATING OF ROLLED SECTIONS

T
To T 8
=% < FM >
Tin WB1 WB1 WB2 TinBGV Tout BGV WB3 TCB cB
09 e e c0000g! e N W —
=2 Lo freeeed o 2=
i |
S ]

Fig. 2

(57) Abstract: A process of rolling and of thermal treating of rolled sections, in particular steel bars, in which the rolled section is
passed through a pre-finishing stand PM, through two waterboxes WB1, WB2 and a tinishing mill FM at the inlet temperature T,
chosen with a value such that the outlet temperature Tou of the rolled section does not exceed temperature Tout max = (Ac3-d*7)°C,
where "Ac3" is the temperature at which in the steel, during heating, the transformation of ferrite into austenite ends, and "d" is
the diameter of the bar to be treated.
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PROCESS OF ROLLING AND OF THERMAL TREATING OF ROLLED
SECTIONS
Description

Field of the invention

The present invention relates to a process of rolling and of thermal treating of
rolled sections, in particular of bars for reinforced concrete.
State of the art

Bars for reinforced concrete are currently manufactured either by means of rolling
processes including the introduction of micro-alloying elements, such as
manganese (Mn), or by means of processes which incorporate martensitic
hardening and self-tempering of the surface. A process of this second type is
described in ltalian patent application IT1997UD00105.

Both the aforesaid methods have the common effect of increasing the mechanical
features of steel with a carbon content varying in the range from 0,14 to 0,24 %.
The first method including the introduction of Mn, however, has high costs
because of the micro-alloying elements used in the process, and thus tends to be
increasingly avoided by rolled section manufacturers.

The second method, based on martensitic hardening, introduces a limitation in the
plastic features achieved by the material, i.e. in the obtainable ratio of ultimate
tensile stress (UTS) and yield stress (YS). A disadvantage of this method is
related to the hardness of martensite which is formed on the surface of the bar for
a given depth, the size of which generally depends on the diameter of the bar
itself. As the mechanical features which may be obtained in the rolled section,
once the chemical composition of the steel has been determined, depend on the
depth of martensite created during the thermal process, it derives that the
difference between vyield stress and ultimate tensile stress is reduced when the
martensite amount increases. A physical limit is however achieved, the
consequence of which is that the chemical composition of steel needs to be
changed by increasing Mn content and possibly micro-alloying element content in
order to increase the UTS/YS ratio.

Searching a high UTS/YS ratio value is justified by the need to ensure a better

plastic reserve in the rolled section, a feature which is expressly required by the
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laws of many countries where the geoseismic component is crucial. Figure 1
shows a typical diagram for steel which shows a curve in which the load (axis Y)
depends on the shift (axis X) and from which the corresponding stresses YS and
UTS are obtained. A material with a high plastic reserve shows a very marked
difference between UTS and YS values typically with a UTS/YS ratio higher than
1,25.

Another method, conceived to obtain mechanical features which comply with the
requirements of many countries, includes keeping a high UTS/YS ratio but without
the aid of micro-alloying elements or chemical composition variations. It consists in
avoiding the formation of the surface martensite structure during the thermal
process and promoting the formation of highly fine structures, such as acicular
ferritic-bainitic structures, uniformly distributed in a surface layer of the bar. The
chemical composition of steel being equal, these structures allow to obtain a
considerable increase of the UTS/YS ratio as compared to the two methods
mentioned above.

It is known that in order to obtain acicular ferritic-bainitic structures, rolling must be
carried out on the surface zone of the bar, named “skin”, which is taken to a
determined temperature in such manner to be defined as “undercooled”.

The thermal gradients needed for such a process are obtained by a sequence
cooling in pressurized water coolers, named “waterboxes”, spaced by
predetermined equalisation distances, which avoid the surface formation of a
martensite layer which, if it were formed, would negatively influence the
mechanical features of the product.

Summary of the invention

It is an object of the present invention is to provide a process of rolling and of
thermal treating of rolled sections which overcomes the aforesaid drawbacks for
producing steel rolled sections which have acicular ferritic-bainitic structures
having elastic features sufficient to pass specific standards, and which keeps
equivalent or reduces rolled section manufacturing costs.

This and other objects of the present invention are achieved by a process of rolling
and of thermal treating of rolled sections, in particular of steel bars, wherein there

is provided a rolling plant, defining a rolling line, comprising at least two first
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waterboxes, a finishing block arranged downstream with respect to the at least two
first waterboxes, at least a second waterbox arranged downstream of said
finishing block, said process comprising the following steps in accordance with
claim 1:

- conveying the rolled section at a first temperature Ty through a pre-finishing
stand,

- extracting the rolled section from the pre-finishing stand to a second temperature
T4,

- conveying the rolled section through the first and second of the at least two
waterboxes,

- conveying the rolled section through the finishing rolling mill at an inlet
temperature Ti, and an outlet temperature Ty,

wherein this inlet temperature T;, is chosen with a value such that the outlet
temperature Ty of the rolled section does not exceed the temperature Tout max
determined by the formula Toy max = (Ac3-d®’)°C, where

- Ac3 is the temperature at which in the steel, during heating, the transformation of
ferrite into austenite ends;

- d is the diameter of the rolled section to be treated.

The dependent claims describe preferred embodiments of the invention.

Brief description of the drawings

Further features and advantages of the invention will be more apparent in the light
of the detailed description of preferred, but not exclusive, embodiments of a
process of rolling and of thermal treating of rolled sections illustrated by way of
non-limitative example, with the aid of the accompanying drawings, in which:

Fig. 1 shows a characteristic steel stress-deformation curve,

Fig. 2 shows a rolling line adapted to implement the process according to the
present invention;

Fig. 3 shows a reference curve of the process temperatures according to the
invention;

Fig. 4 shows a final transformation curve of the rolled section subjected to the

process of the invention.
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Detailed description of preferred embodiments of the invention

An example of the process according to the present invention may be
implemented by a rolling plant of the existing type, shown by way of example in
figure 2, adapted to make long products, such as steel bars.

The structure of the rolling plant includes the arrangement of two waterboxes
WB1, WB2 before the finishing block FM for carrying out the primary cooling, and
of a further waterbox WB3 downstream of said finishing block for carrying out the
secondary cooling of the rolled section. The positioning of the first two waterboxes
WB1, WB2 must be such to allow the rolled section to enter the finishing block FM
at a predetermined surface temperature, which should be lower than a limit value,
which is determined according to the thickness of the produced material. Three or
more waterboxes (not shown) are provided in an advantageous variant to allow a
more fractioned cooling.

The process of rolling and thermal treating according to the invention is described
in detail below. Firstly, we will define the determinant values for the process of the
invention:

Ac1 = temperature at which, during heating, the formation of austenite starts;

Ac3 = the temperature at which, during heating, the transformation of ferrite into
austenite ends;

Ms = temperature at which, during cooling, the transformation of austenite into
martensite starts;

d = diameter of the bar fo be treated.

The process of rolling and thermal treating comprises a first step in which the
rolled section, coming from a production line at controlled temperature Ty, crosses
a pre-finishing stand PM, from which the rolling product exits at a temperature T;.
The rolled section then passes through the first waterbox WB1 and the second
waterbox WB2, and is introduced into the finishing mill FM, also named fast rolling
block (BGV). During this step of the process, the inlet temperature value of the bar
in the finishing mill, named “T;, BGV”, must be such that the outlet temperature
“Tout BGV” does not exceed the temperature Tou_max determined by the formula:
Tout_max = (Ac3-d®")°C.

The surface temperature of the rolled section at the entrance of the finishing mill
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FM is preferably comprised in the range from 580 to 680 °C.

The following step consists in passing the rolled section through the waterbox
WB3, which takes the surface temperature of the rolled section to the value T;
before continuing through the final cooling device or bed CB. The surface
temperature T3 of the bar at the exit from the waterbox WB3 must neither be over
Ac1 nor under temperature Ms. The temperature T; also corresponds to the
surface temperature of the rolled section at the entrance of the cooling device CB.
In fact, all cooling steps must be defined by values such that the surface
temperature of the bar never drops below the critical martensite forming
temperature Ms, which is a value depending on the specific chemical composition
of steel, unless the time between the moment in which the first step of cooling in
the waterbox WB1 occurs and the subsequent rolling produces a partial hardening
at a temperature higher than Ac1. The purpose of the final step of cooling in the
cooling bed CB is to reduce the ramp-up temperature during rolling in the finishing
mill FM to prevent the production of self-tempering in the surface layer structure of
the rolled section.

The curve in figure 3 shows the reference curve of the process, in which the
temperatures in various points of the rolled section are separately shown. The
curve indicated by numeral 1 is the temperature of the rolled section core, curve 2
is the average temperature of the rolled section, and curve 3 is the temperature on
the rolled section surface in which three characteristic temperature points are
highlighted.

The zone of the temperature curves indicated by letter A indicates the surface
temperature drop of the rolled section in the first cooling section or waterbox WB1,
this drop being comprised in a range from about 150°C to about 500°C.

Zone B indicates the temperature increase of the rolled section due to rolling
deformation, which may normally take values comprised in the range from about
20°C to about 100°C.

Zone C indicates the temperature drop of the rolled section at the final cooling
section CB, which may take values from about 400°C to 750°C.

Figure 4 shows a final transformation curve on which significant points of the

process are indicated. In this graph, the curve indicated by numeral 6 is the
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temperature of the rolled section core; the curve 4 is the average temperature in
the rolled section and the curve 5 is the temperature of the rolled section surface.
The curve 8 represents the beginning of the ferritic transformation in the presence
of a cooling gradient; the upper and lower curves 9 represent the beginning and
the end of the pearlitic transformation, respectively, in the presence of a cooling
gradient; the curve 10 represents the beginning of the bainitic transformation in the
presence of cooling gradient; and the upper and lower curves 11 are the limits for
the occurrence of the martensitic transformation. The upper and lower curves 7
represent temperature Ac3 and Ac1, respectively, i.e. the beginning of the ferritic
and pearlitic transformation under nearly static cooling conditions.

Point Touwt BGV indicates the surface temperature of the rolled section exiting the
finishing mill FM, corresponding to the value of 782,2°C in this example, and point
T3 indicates the surface temperature of the rolled section at the entrance of the
cooling device CB, equal to 714,1°C.

Since an important element of the invention consists in rolling bars by means of
the finishing mill FM with a supercooled surface in the passage through the
waterboxes WB1 and WB2, a temperature control of the rolled section must be
provided for ensuring that the thickness of the supercooled surface has a
dimension from 2 to 10 mm in depth. The exact thickness is defined according to
the diameter of the bar and according to the final physical properties required for
the bar.

As a consequence of these process rolling steps, partial austenitic transformations
are produced, which cause a mixed ferritic-bainitic acicular micro-structure.

The rolling and thermal treating process of the invention may be advantageously
applied to ribbed round bars for reinforced concrete, commonly named “rebars”, or
to bars and profiles or construction steel in general which are used in a crude
rolling state i.e. without following surface finishing or treatments. This steel is of
the type with a low or very low carbon content, with or preferably without micro-
alloying elements.

The main advantage of the process of the invention is that it may be applied either
to existing systems or new systems.

Further important advantages of the process of the invention are:
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- the possibility of reducing the manganese content needed in steel to minimum
levels, lower than about 0,4%, because the value of the UTS/YS ratio is increased
by the micro-structural modification, and this ratio may reach a value higher than
1,35;

- the suppression of micro-alloying elements, because the strength increase is
also obtained by said micro-structural modification;

- an improvement of the fatigue strength features and an increase of the low-
temperature toughness due to a greater fineness of the micro-structure of the
rolled section surface;

- according to the above aspects, a consequent reduction of manufacturing costs

of the rolled section itself is obtained.
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CLAIMS

1. Process of rolling and of thermal treating of rolled sections, in particular steel
bars, wherein there is provided a rolling plant which defines a rolling line
comprising at least two first waterboxes (WB1, WB2), a finishing block (FM) placed
downstream of the at least two first waterboxes, at least a second waterbox (WB3)
placed downstream of said finishing block (FM), wherein the following process
steps are provided:

- conveying the rolled section at a first temperature (Ty) through a pre-finishing
stand (PM),

- extracting the rolled section from the pre-finishing stand (PM) at a second
temperature (T4),

- conveying the rolled section through a first (WB1) and a second (WB2) of the at
least two waterboxes,

- conveying the rolled section through the finishing rolling mill (FM) at an inlet
temperature (Tin) and an outlet temperature (Toy),

wherein said inlet temperature (Tin) is chosen with such a value that the outlet
temperature (Tow) of the rolled section does not exceed the temperature Tout max
determined by the formula

Tout_max = (Ac3-d®7)°C, wherein

- Ac3 is the temperature at which in steel, during the heating, the transformation of
ferrite into austenite ends,

- d is the diameter of the rolled section to be treated.

2. Process according to claim 1, wherein the inlet temperature (T;,) of the rolled
section at the entrance of the finishing rolling mill (FM) is comprised in the range
between 580 and 680°C.

3. Process according to claim 1, wherein the rolled section is made of steel with a
manganese content lower than 0,4% and free from micro-alloying elements.

4. Process according to claim 1, wherein a surface temperature (T3) of the rolled
section at the exit from the at least one second waterbox (WB3) must not exceed
the temperature at which, during the heating, the transformation of austenite into
martensite (Ms) starts.
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