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DESCRIPTION

SHAPED STEEL EXCELLENT IN FIRE RESISTANCE AND

PRODUCING METHOD THEREFOR

[0001] This application claims priority to Japanese
patent application No. 2004-220337, filed in Japan on July 28,
2004, Japanese patent application No. 2004-220454, filed in
Japan on July 28, 2004, and Japanese patent application No.
2005-207185, filed in Japan on July 15, 2005, the entire
contents of which are herein incorporated by reference.

[0002] The present invention relates to a novel shaped
steel, such as H-shaped steel, I-shaped steel, angle steel,
channel steel, etc., which is used as a building construction
material, with a low yield ratio and havihg excellence in
toughness and fire resistance, and a method for producing the
same.

[0003] The legislation about “new code to design
fire-resistant structures” was enacted on March, 1987 in Japan.
After that, fire-resistant steel materials, which secure high
strength at high temperature without or with less
fire-resistant wrapping, have been desired.

[0004] As for shaped steels, according to the trend,
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a lot of technologies for securing fire-resistance to steel were
proposed. For example, it was proposed that strength, such as
strength and yield ratio, at high témperature, such as 600°C,
was secured by employing technologies of precipitation
strengthening using Mo-based carbides.

[0005]) For example, Japanese laid open No. 9-104944
proposes a fire-resistant shaped steel using precipitation
strengthening technology and-oxide metallurgy technology.
Oxide metallurgy technology is a technology, which can control
the number of oxides, which oxides are obtained by deoxidization
of the dissolved oxygen in steel using Ti, B and Mg. Oxide
metallurgy technology provides the following effects.

[0006] In the production process of the shaped steel,
different portions of the shaped steel are subjected
respectively to different témperatures of finish-rolling and
to different cooling rates resulting from the unevenness of the
shape on. the section of the steel, which causes lack of
uniformity the microstructure of the section of the steel. This
lack of uniformity of the microstructure, such as_
non-uniformity of grain size, leads to a lack of uniformity in
the mechanical properties in the section of steel.

[0007] The flange portion, especially, the fillet part
(see Fig.1l), at which a flange portion and web portion meet,
is less strained by rolling and forced to be processed at higher
temperature compared with other portions.

[0008] In the section of a shaped steel (e.g., H-shaped
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steel), there can be a difference of around 150°C between the
three portions of the fillet part, the 1/4 flange and the web
(éee FIG.1l) in the temperature of finishing process. The
different mechanical properties depending on portions caused
bydifferencesintherollingtemperaturehistoryofthepwrtion
should be eliminated.

[0009] The degree of finishing temperature dependency
in ‘the formation of microstructure during the hot rolling
process can be reduced by dispersing the transformation nuclei,
such as Ti oxide, in the ferrite grains and thereby expediting
transformations in the grains. This leads to
uniformity/homogenization of fine-grained microstructure,
i.e.,uniformityofnmchanicalpropérties. Furthermore, since
the grain of the microstructure is not only homogenized but also
finely grained, this leads to improved toughness.

[0010] The present invehtors carried out extensive
investigations in order to provide a shaped steel, such as
H-shaped steel, which has a low yield ratio and is excelleﬁt
in toughness and fire resistance and the method for producing
the same. During extensive investigations, the inventors
recognized the following possible technical issues.

[0011] At first, when the shaped steel excellent in
fire-resistance is produced using oxide metallurgy technology,
it is required for the processes, especially for casting the
slab, billet, bloom, near net-shape slab, ingot, etc., to have

complicated steps. Such complicated steps include oxygen
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content control before Ti is added and further Ti addition
thereafter. Such steps may cause low productivity and high cost
in the manufacture of the shaped steels.

[0012] Next, precipitation strengthening technology
contributes to the fire-resistance of shaped steels, such as
the strength and yield ratio at high temperature. However, in
the case where Mo-based carbides, which contain mainly Mo,C,
are employed, such carbides may be solid-soluted in steel at
the temperature range of 600 - 650°C if the components are within
certain ranges. Consequently contribution to the strength of
the steel provided by precipitation strengthening with alloy
carbides and alloy carbonitrides may disappear.

(0013] The effect of precipitation strengthening
depends on the amount of precipitates of alloy carbonitrides.
Alloy carbonitrides include alloy carbides and alloy
carbonifrides. Note that one or more metal may be present with’
the carbides or carbonitrides. Namely, here, alloy carbides
mean metal carbides other than cementite. Hereinafter the
amount of precipitate 1is expressed in mol fraction of
precipitate and also may be simply referred to as “mol fraction
of precipitate”. The amount of precipitate depends upon the
temperature. Further, such temperature dependence can be
influenced by other factors, such as the carbon content of the
steel and the thermodynamic characteristics based on the kinds
of alloy carbides and alloy carbonitrides and so on.

[0014] As for the carbon content, if the content of C
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in the steel is sufficient in~cémparison with the contents of
the metal elements, such as Mo, Ti, V, Nb, Cr, and capable of
formingalloycarbonitrides,theamount«ofpreéipitatecﬁfalloy
carbonitrides can be increased as the temperature decreases.
This is because the content of C capable of forming'precipitate
increases as the carbon content solid-soluted (present in a
solid-solution) in ferrite decreases when the temperature of
the steel decreases.

[0015] Accordingly, the strength and yield ratio at the
room temperature may be increased excessively even under the
same thermal condition, such as the same temperature decrease,

if the content of C is high and the mol fraction of precipitate

"of alloy carbides and alloy carbonitrides 1is increased

excessively.

SUMMARY OF THE INVENTION

[0016] From such an analysis of technical issues, the
inventors have recognized: i) it is preferred that the alloy
carbides and alloy carbonitrides have not only thermodynamic
stability, but also have the characteristic of being
solid-soluted in the steel at the reheating temperature but not
being solid-soluted at temperatures such as 600-650 °C, and ii)
alloy carbidesband alloy carbonitrides, which are capable of
being soluted in the reheating process once and subsequently
being precipitated in the cooling process of the hot rolling,

can effectively contribute to precipitation strengthening.
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[0017] The inventors, after close investigation,
recognized that it is preferred to properly control the mol
fraction of precipitate of alloy carbides and alloy"
carbonitrides at a high temperature range and at room
temperature range, and that it is preferred to determine the
components of the steel considering the following items.

[0018] (i) Suppressing the mol fraction of precipitate

. of alloy carbides and alloy carbonitrides in a room temperature

range to prevent the strength and vyield ratio at room
temperature from being excessively increased; and (ii)-
attaining a specific mol fraction of precipitate of alloy
carbides and alloy carbonitrides in order to obtain sufficient
strength in a high temperature range.

[0019] Taking the above items into consideration, the
inventors designed various alloy carbides and alle
carbonitrides and found that the amount of precipitate of alloy
carbides and alloy carbonitrides can be controlled by making
a proper balance in the amount (content) between the metal
elements, such as Mo, Ti, V, Nb, Cr capable of forming alloy
carbides and alloy carbonitrides, C and N. It was found that
the thermodynamic characteristics can be controlled by making
a proper balance in the amount (content) between the metal
elements.

[0020] More specifically, in the case where the Mo-based
alloy carbide such as Mo,C is the main constituent of the

precipitate, which can be completely solid-soluted in steel at
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the temperature range of 600-650°C, contribution to the
strength of the steel through precipitation strengthening by
alloy carbides and alloy carbonitrides may disappear. However,
it is found that the use of MCN type alloy carbonitrides, which
are more stable than M,C type alloy carbides in high temperature
ranges, as a partial substitution for the Mo-based alloy
carbides (i.e., an increase of precipitate amount of MCN type
alloy carbonitrides in comparison with M,C type alloy carbides,
here “M” stands for metal other than ferrum) is very effective
to solve the above issue.

[0021] That is, V replacing Mo partially therewith is
added in order to form alloy carbonitrides other than Mo-based
alloy carbides, and the generation of favorable alloy
carbonitrides based mainly on V, Nb and Mo can be controlled
by making a proper balance of the added amounts of V, Nb and
Mo.

[0022] When referring to an expression such as “a room
temperature”, this is generally meant to refer to a temperature
ranging from about 0°C to about 3Q°C. However, it is noted that
the data at 300°C can be representative of the data at room
temperature. This is because the amount of precipitateof alloy
carbides and alloy carbonitrides increases very little between
room temperature and 300°C. Rather, these precipitates of
alloy carbides and alloy carbonitrides, measured in the present
invention, occur mainly between 300°C and 600°C. This is due

to the fact that as the temperature becomes closer to room
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temperafure, the diffusion of solid solution elements such as
metal elements, carbon and nitrogen, in the steel is extremely
lowered in‘terms of precipitation behavior. More specifically,
the equilibrium state of the precipitation remains almost
unchanged between room temperature and 300°C. Thus, in the
description of the present invention, the precipitation state
at a temperature of 300°C can also be representative of that
at room temperature. Further, the inventors have selected the
temperature of 600°C as being a suitable “high temperature” for
the measurement or evaluation of certainmechanical properties,
as well as amounts‘of precipitate of alloy carbides and alloy
carbonitrides. However, the “high temperature” is not limited
to 600°C and can include other suitable temperatures.

[0023] An object of the invention is to provide a novel
shaped steel, such as H-shaped steel, which is used as building
construction material, with a low yield ratio and excellence
in toughness and fire resistance, and the method for producing
the same. The object may be accomplished by the following shaped
steel and producing method thereof;

[0024] Item 1. A shaped steel, comprising in mass percent

—
ow
-

C: 0.03-0.15;
Mo: 0.1- 0.6;
vV £ 0.35; and
N: 0.002—0.012;

and the balance being iron and residual impurities, wherein
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(x) amol fraction of precipitate of alloy carbides and
alloy carbonitrides at 600°C is 0.3 % or more, and
(y) a ratio of the mol fraction of precipitate of alloy

carbides and alloy carbonitrides at 300°C to the mol fraction
of precipitate of alloy carbides and ailoy carbonitrides at
600°C is 2.0 or less.

[0025] Item 2. The shaped steel according to item 1,
further comprising in mass percent (%):

Si: 0.05-0.50;

Mn: 0.4-2.0; and

Al £ 0.01,
wherein the content of V ranges from 0.04 to 0.35%; a flange
portion has 50% or more of a ratio of strength, 80 % or less
of yield ratio, and 100 J or more of impact strength of Charpy
impact test at 0 °C, wherein the ratio of strength = (proof stress
of 0.2% at 600°C)/(yield strength at room temperature).

[0026] Item 3. The shaped steel according to items 1 or
2, further comprising one or more of following elements in mass
percént (%) :

Ti: 0.005-0.020;

Nb £ 0.06 %;
Cr £ 0.7;

Ni £ 1.0; and
Cu £ 1.0,

wherein the content of V ranges from more than 0.20 to 0.35 in

mass$.
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[0027] Item 4. A method for proaucing a shaped steel
according to item 1 by hot rolling after reheating a casted steel,
comprising steps of:

(a) reheating the casted steel to 1100 - 1300 °C (as
measured at the surface of the casted steel):;

(b) hot rolling the casted steel to form the shaped steel;
and |

(c) after terminating the hot rolling, naturally cooling
or rapidly cooling then naturally cooling the shaped steel.

[0028] 1Item 5. The method according to item 4, wherein
the step of hot rolling includes water-cooling the shaped steel
at least once to 700°C or less (as measured at the surface of
a flange portion) and then rolling in the heat returning
process.

[0029]_ Item 6. The method according to item 5, Wherein
the step of rapid cooling is performed at average cooling rate
of 0.5 to 5.0 °C/s.

[0030] According to the present invention, a shaped
steel, such as H-shaped steel having excellent strength at high
temperature and excellent mechanical properties at room
temperature can be obtained by forming alloy carbides and alloy

-

carbonitrides containing mainly V and Mo in proper amounts by

the specific process such as hot rolling a casted steel

containing specific components. According to the present
invention “casted steel” includes a slab, bloom, billet,

near-net shape slab, ingot, etc.

10
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1 shows locations where fest pleces
(specimen) are taken from an H-shaped steel 1. A first location
is the center area of the flanée 2 in the thickness direction
(1/2 t,) and one-fourth (1/4 B) position of the total flange
width (B) away from the end of flange 2 in the flange width
direction. A second location is the center area of the flange
2 in the thickness direction (1/2 t;) anda half (1/2B ) position
of the total flange width (B) in the flange width direction
(fillet part 4). A third location is the center area of the web
3 in the thickness direction (1/2 t;) and a half (1/2 H) position
of the total web.height (H) in the flange width direction.

[0032] FIG.2(a) is a graph showing a relationship
between a total mol fraction of precipitate (which is a
summation of M,C type alloy carbides mol fraction and MCN type
alloy carbonitridesmol fraction) and temperature, with respect
to one example of the invention which contains Vof 0.35 %, where
the M,C type alloy carbides partially include V and Nb as a solid
solution and the MCN type alloy carbonitrides include V and Nb
asmaincomponents,andpartiallyincludeMoeusasolidsolution.
The vertical axes of Figures 2(a), 2(b) and 3 are mol fraction
of precipitates of alléy carbides, alloy carbonitrides and the
total of alloy carbides and alloy carbonitrides.

[0033] FIG.2(b) is a graph showing the relationship

between total mol fraction of precipitate and temperature,

11
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similar to FIG.2(a), where the V content is 0.22%.

[0034] FIG.3 is a graph showing relationships between
temperature and each of the mol fractions of precipitates of
M,C type alloy carbides, MCN type alloy carbonitrides and a total

of the M,C type alloy carbides and the MCN type alloy

" carbonitrides using conventional technology. It is noted that

a conventional method is any method which considers neither the
mol fraction of precipitate of alloy carbides and alloy
carbonitrides at 600°C, nor the ratio of the mol fraction of
precipitate of alloy carbides aﬁd alloy carbonitrides at 300°C
to the mol fraction of precipitate of alloy carbides and alloy

carbonitrides at 600°C as being 2.0 or less.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0035]  The present invention 1is described more
specifically below. Eleménts to be contained in the shaped
steei of the present invention are described below. In this
description, percent“%” represents “% by mass”.

[0036] C is an element capable of improving the strength
of steel. From the viewpoint of sufficient strength for
structural steel, the content of C is preferably 0.03 % or more.
C also has an influence on the toughness of the steel of the
base material, the weld crack resistance and the toughness at
heat affected zones (HAZ). From the viewpoint of such
properties, the content of C is preferably 0.15 % or less. Thus,

the content of C is preferably 0.03 to 0.15 %.

12
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[0037] Si works as a deoxidizer (or oxygen scavenger)
in the process of steel making and also influences the strength
of the steel. From the viewpoint of sufficient strength for
structural steel, the content of Si is preferably 0.05 % or more.
Si also influences the toughness at HAZ since excess amounts
of Si may generate M-A (Martensite-~Austenite) constituent of
hardening structure, which may deteriorate the toughness at HAZ.

In view of this, the content of Si is preferably 0.5 % or less.

oo

Thus, the content of Si is preferably 0.05 to 0.50

[0038] Mn is an element capable of improving the strength
and toughness of the mother phase. From this viewpoint, the
content of Mn is preferably 0.4 % or more. Mn also has an
influence on the crack resistance and the toughness at HAZ.
From the viewpoint of such pfoperties, the content of Mn is
preferably 2.0 % or less. Thus, the content of Mn is preferably
0.4 to 2.0 %.

[0039] Mo is an element, which is capable of forming
Mo-based alloy carbide. In the present invention, it is thought
that a shaped steel has excellent strength at room temperature
and high temperature since the alloy carbide of Mo 1is
precipitated. For sufficient strength of the shapéd steel at
high temperatures, the content of Mo is preferably 0.1 % or more.
Mo also improves the hardenability of steel. Excess content
of Mo may deteriorate the toughness of steel and of HAZ since

‘hardenability may be increased excessively. From the

viewpoint of such properties, the content of Mo is preferably

13



10

15

20

25

PCYJP2005/013999

WO 2006/011618 PCT/JP2005/013999

0.6 % or less. Thus, the content of Mo is preferably 0.1 to
0.6 %, more preferably 0.2 to 0.4 %, most preferably 0 ..2 to 0.3 %.

[0040] V is an element, which is capable of forming
alloy carbonitride, and <contributes to precipitation
strengthening of steel. In the present invention, when V is used
with Mo, V can be solid-soluted in the alloy carbide of MC,
which contains Momainly, to form ( (Mo, V),C). Further,\/allowé
Mo to be solid-soluted in the alloy carbonitride of M(C, N},
which contains V mainly, to form ((Mo,V) (C,N)).

[0041] Properties of precipitate based on thermodynamics
can be adjusted properly by transforming alloy carbides into
either or both alloy carbides having the structure of M,C and/or
a'lloy carbonitrides having the structure of M(C, N) by adjusting
the content of V and Mo. For conducting such transformation
effectively, it is preferred that the content of V is 0.04 %
or more.'

[0042] When excess amounts of V are added, the amount
of alloy carbonitrides may be increased excessively and the
toughness of steel and of HAZ may be deteriorated. Therefore
the content of V is preferably 0.35 % or less.

[0043] On the other hand, in order to secure sufficient
strength of fire resistance of a shaped steel at 600°C, for
example, it is preferable to have a sufficient amount of the
alloy carbonitride precipitated in the steel. For this purpose,

the content of Vis preferablymore than 0.20 %. Thus, the content

o

of V is preferably more than 0.20 to 0.35 %.

14
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[0044] The 'precipitation of V-based alloy carbides
having a structure of M,C has been mainly controlled in order
to obtain fire-resistance. However, it is more preferred that
forming alloy carbonitrides having a structure of M(C, N) is
mainly controlled in order to effectively improve the

fire-resistance. From this viewpoint, the content of V is

oe

preferably more than 0.20

[0045] N is an element, which is capable of forming alloy
carbonitrides. For obtaining sufficient precipitate, the
content of Nis preferably 0.002 % ormore. Further, the content
N is preferably 0.012 % or less since excess amounts of N may
cause deterioration of the toughness of steel. Thus, the content
of N is preferably 0.002 to 0.012 %.

[(0046] Al works as a strong dgoxidizer (oxygen
scavenger) in the process of steel making. However, Al may form

A1N combining with N, which leads to reduction in the amount

of alloy carbonitrides (precipitate). Therefore, the Al

content is preferably 0.01 % or less.

[0047] Further, inthe present invention, other optional
components can be added.

[0048] Nb is an element, similar to V and Ti, which is
capable of forming alloy cafbonitrides, such as M(C,N), and
contributing to precipitation strengthening. However, when
the content of Nb is more than 0.06 %, it may not further improve
the strength of the steel of the present invention by

precipitation strengthening since the amount of alloy

15
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carbonitride which is not soluted 'at 1100-1300 °C, the

temperature of heating, prior to hot rolling increases.
[0049] From the viewpoint of improvement of strength

by the precipitation of alloy carbonitrides, the Nb content is

preferably 0.02 $ or more. Thus, the content of Nb is preferably

o

Q.O2 to 0.06

[0050] Ti is an element similar to Nb and V, which is
capable of forming alloy carbonitrides such as M(C,N) and
contributing to precipitation strengthening. In the present
invention, Ti is solid-soluted in alloy carbonitride such as
M(C,N), which is formed by adding V or a combination of V and
Nb, to form alloy carbonitrides such as (V,Ti) (C,N) or
(V,Ti,Nb) (C N). Accordingly, Ti ihfluences the stability of
alloy carbonitrides at high temperatures.

[0051] More specifiéally, alloy carbonitrides such as
M(C,N) can extend the thermal stability range to higher
temperatures when Ti is present. However, when the content of
Ti exceeds 0.02 %, it may not contribute to precipitation
strengthening since an amount of alloy carbonitride, which does
not become solid-soluted at the heating temperature applied
prior to hot rolling, such as 1100 - 1300°C, increases.
Therefore, the content of Ti is preferably 0.02 % or less.

[0052] Cr is an element capable of not only improving
the strength at room temperature and high temperature by
increasing hardenability of steel and precipitation hardening,

but is also capable of preventing the grain boundary from being

16
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oxidized (intergranular oxidation) at the surface of the steel
and thus, improves the properties of surface of the steel, such
as smoéthness and evenness. However, when excess amounts of
Cr are present, the toughness of the mother phase and the
toughnes-s at HAZ may be deteriorated. From this viewpoint, the
content of Cr is preferably 0.7 % or less.

f0053] Ni is an element capable of improving the
toughness of the mother steel. However, from the viewpoint of
cost, the content of Ni is preferably 1.0 % or less.

[0054] Cu is an element capable of improving the
strength of steel. However, when excess amounts of Cu are
present, the hardenability of the steel may be excessively
increased and thus the toughness of steel and the toughness at
HAZ may be deteriorated. From this viewpoint, the content of
Cu 1is preferably 1.0 % or less.

[0055] The structure of the alloy carbides and alloy
carbonitrides and the mol fraction of precipitate of alloy
carbides and alloy carbonitrides can be measured by observation
and analysis using an electronmicroscope. As asimpler method,
a software program for computing thermodynamic equilibrium can
be used.

[0056] With respect to software usable in the present
invention, for example, “Thermo-Calc” (manufactured by “Thermo
Calc Software, USA)) can be employed for computing
thermodynamic equilibrium. As a database, for example, “SSOL”

can be also employed to carry out analysis. However, there is
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no limitation imposed on the software and database usable in
the present invention, as long as the software and the database
are dependable.

[0057] In the present invention, when the mol fraction
of precipitate of alloy carbonitrides is computed, the total
of two types of alloy carbides and alloy carbonitrides, i.e.,
the mol fraction of precipitate of alloy carbonitrides having
a structure of Face Centered Cubic, which is on behalf of MCN
type alloy carbonitrides and the mol fraction of precipitate
of alloy carbides having a structure of Hexagonal Closed-Packed,
which is on behalf of M,C type alloy carbides, here, is defined
as the mol fraction of precipitate of alloy carbides and alloy
carbonitrides. Thus, the inventors compute both precipitate
amounts of alloy carbides and alloy carbonitrides, and sum them
up, and they apply the total precipitate amounts of the alloy
carbides and the alloy carbonitrides as the mol fraction of
precipitate. On this condition of calculation, the specific
mol fraction of precipitate of alloy carbides and alloy
carbonifrides are evaluated with respect to various kinds of
elements and various temperatures.

f0058] It is preferred that V can be added, replacing
partially Mo therewith, since Mo tends to form Mo-based alloy
carbides which may be completely solid-soluted in steel at the
temperature range of 600-650°C to fail to contribute to
precipitation strengthening at such a high temperature. 1In the

range of 0.35% or less of V content of the invention, the
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mechanical future at several temperatures, such as room

temperature and high temperatures, are evaluated with respect

to various kinds of alloy carbides and alloy carbonitrides and

various mol fractions of precipitates thereof at various

5 temperatures. This is done to investigate a suitable balance

between the content of C and the content of N with particular

focus on Mo and V included in alloy carbides and alloy
carbonitrides.

[0059]‘ It is preferred that the mol fractions of

10 precipitates of alloy carbides and alloy carbonitrides are

estimated by computing the thermodynamic equilibrium assuming

that alloy carbides, which contain Mo mainly and in which V

and/OrNbcanalsobesolid—soluted,is‘Wthypeélloycarbide”,

and alloy carbonitrides, which contain V and Nb-mainly and in

15 which Mo can be solid-soluted, is “MCN type alloy carbonitride”.

As themol fractions of precipitates in the actual process using

continuous cooling are slightly different from the mol

fractions calculated above, it is preferable to make some

corrections.

20 [0060] Mechanical properties at 600°C, especially proof

oo

stress of 0.2%, are preferred to attain excellent
fire-resistance. Proof stress of 0.2% is preferably 157 MPa
or more.

[0061] Changing the balance of elements, C and N used

25 in the present invention, the properties of the shaped steel

are evaluated at a range of 0-1.0 % of the mol fraction of
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precipitate of alloy carbides and alloy carbonitrides. It is
found that the moi fraction of precipitate of alloy carbides
and alloy carbonitrides is preferably 0.3 % or more.

[0062] Further, in order to resolve a problem that the
strength and yield ratio at room temperature is excessively
increased, a suitable ratio of the mol fraction of precipitate
of alloy carbides and alloy carbonitrides, i.e., the ratio of
the mol fraction of precipitate of alloy carbides and alloy
carbonitrides at 300 °C and that at 600 °C, and suitable
mechanical properties at several high and room temperatures,
are investigated. In order to simultaneously attain both a
suppression of excessive increase of the strength at room
temperature and an excellent fire-resistance, it is found
preferable to meet ‘the following conditions: 1i) tensile
strength of the flange portion is 400 MPa or more; 1ii) impact
strength of Charpy impact test is 100 J or more at 0 °C; and
iii) 0.2% proof stress at 600 °C is 157 MPa or more. Conditions
i) and ii) are mainly for the properties at room temperature
and condition -iii) is mainly for the fire-resistance.

[0063] By changing the balance of elements, C and N used
in the present invention in the presence of V replacing Mo
partially therewith, the properties of the shaped steel are
evaluated at range of 0-5.0 % of the mol fraction of precipitate
of alloy carbides and alloy carbonitrides. It is found that
the ratio of the mol fraction of precipitate of alloy carbides

and alloy carbonitrides at 300 °C and at 600 °C is preferably
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2.0 or less.

[0064] From the above investigation, precipitates of
alloy carbides and alloy carbonitrides, which have excellent
properties, can be newly obtained, as shown in Fig. 2 (a) and
(b). In Fig.2(a) and (b), the amount of precipitate of alloy
carbides of M;C type containing partly V and Nb as a solid

solution, alloy carbonitrides of MCN type containing mainly V,

" Nb and partly Mo as a solid solution, and the total of M;C type

alloy carbides and MCN type alloy carbonitrides are shown.

[0065] Fig.2 (a) shows the case where the content of
V is 0.35%. The mol fraction of precipitate of alloy carbides
and alloy carboniﬁrides at the temperature.of 600 °C is 0.52%,
which is within the range of the invention (0.3 or more). When
thetemperétureisshiftedfrom600°Cix>300°C,themolfraction
of precipitate of alloy carbides and alloy carbonitrides
increases from about 0.52 % to about 0.54 %. The ratio of these
is approximately 1.03, satisfying the condition of 2.0% or less
of the invention.

[0066] Fig.2 (b) shows the case where the content of V
is 0.22%. The mol fraction of precipitate of alloy carbides
and alloy carbonitrides at the temperature of 600 °C is 0.52%,
which is within the range of the invention (0.3 % or more). When
the temperature is shifted from 600 "C to 300 °C, themol fraction
of precipitate of alloy carbides and alloy carbonitrides
increases from about 0.52 % to about 0.59 %. The ratio between

these is approximately 1.14, satisfying the condition of 2.0%
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or less of the invention.

[0067] Thus, it is found that the composition design
described above can simultaneously attain both a suppression
of excessive increase of strength at room temperature and an
excellent fire-resistance at 600°C.

[0068] Fig.3, on the other hand, shows the results where
a conventional method is applied to a steel whose composition
is within the range of the invention. As shown in Fig. 3, the
mol fraction of precipitate of alloy carbides and alloy
carbonitrides at 600 °C is within that of the invention (0.30%
or more). However, when the temperature is shifted from 600 °C
to 300 °C, the mol fraction of precipitate of alloy carbides
and alloy carbonitrides increases drastically from about 0.61 %
to about 1.42 %. The ratio of the mol fraction of precipitaté
at 300°C and 600°C is 2.3, which is outside the range of the
invention (2.0 or less). Fig.3 shows that the conventional
method has a problemin that the strength at 300 °C is excessively
high. It isnoted that aconventional method is any method which
considers neither the mol fraction of precipitate of alloy
carbides and alloy carbonitrides at 600°C, nor the ratio of the
mol fraction of precipitate of alloy carbides and alloy
carbonitrides at 300°C to the mol fraction of precipitate of
alloy carbides and alloy carbonitrides at 600°C as being 2.0
or less.

[0069] The size of precipitates such as alloy carbides

and alloy carbonitrides has an influence on the strength. 1In
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accordance with the desirable strength, it is preferred to make
the precipitate fine-grained, for instance, to the size of
10-1000nm. It 1is preferred that solution treatment be
conducted prior to hot rolling and precipitate be formed during
cooling after hot rolling, or precipitate be formed by keeping
the temperature of the steel at about 600 °C.

[0070] 1In the present invention, there is no specific
limitation with respect to the ratio of the precipitate amounts
between MCN type alloy carbonitrides having a stable
less-temperature(only temperature range of 300°C to
600°C)—dependentprecipitateamountandbthypealloycarbides‘
having a temperature-dependent precipitate amount. It can be
said, however, that the ratio, i.e., precipitate of MCN type
alloy carbonitrides / precipitate of M;C type alloy carbides
(hereinafter referred to as the ratio of MCN/M,C), is larger
than that achieved by conventional methods. For example, a ratio
of MCN/M,C of 0.7 or more provides a significant effect at high
temperatures, for example, 600°C. When the total amount of M,C
is reduced, however, the ratio of MCN/M,C may not be a
determining factor. In other words, the ratio of MCN/M,C of 0.7
or more is not a required condition of the invention.

[0071] The reason for the limitation in the hot rolling
process is as follows. First the casted steel, such as the slab,
billet, bloom, near-net shape slab, ingot, etc., is reheated
to a range between 1100 and 1300°C. The reason for the limitation

of the temperature is to ensure a sufficient temperature to
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allow the casted steel to be processed in an austenite range
and to sufficiently develop precipitation strengthening by
making alloy carbides and alloy carbonitrides once a
solid-solution in the process of hot rolling of the shaped
steel.

[0072] After reheating, the casted steel is subjected

to a hot rolling process. The hot rolling process basically

‘includes a break-down process performed by groove rolling,

intermediate rolling, and finishing rolling. The intermediate
rolling process may be performed by any of a group of
intermediate universal rolling machines including an edger
rolling machine and a universal rolling machine, and the
finishing rolling process may be performed by a universal
rolling machine. The above-mentioned process also includes a
rolling process using a skew roll for controlling the height
of the web portion of the shaped steel.

[0073] In the break down process of the above rolling
process, the casted steel is rolled in the width direction by
a plurality of rolls, each roll has a groove of which bottom
width is different to each other and the bottom part has a
projected portion in the middle of the groove bottom. This is
to ensure an appropriate flange width and web height.

[0074] In the intermediate rolling process, an
appropriate flange width is obtained by an edger rolling machine
and appropriate web thickness and flange thickness are obtained

by an universal rolling machine. Furthermore in the finishing
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rolling process, shaped steel with predetermined size is formed
while keeping the surface temperature of the flange portion,
for instance, at 800°C or more.

[0075] The present invention can be preferably applied
to a shaped steel of which the web thickness ranges from 9 mm
to 40 mm, the flange thickness ranges from 12 mm to 60 mm, the
web height is about 500 mm and the flange width ranges from 200
mm to 500 mm.

[0076] 1In the hot rolling process after the reheating,

- it is preferable that the shaped steel is water-cooled at least

once to 700°C or less as measured at the surface of the flange
portion and then rolled in the heat returning process.
[0077] As described above, the temperatures of the
fillet and the flange portion are usually higher than that of
the web portion due to the shape of shaped steel. In order to
reduce the non-uniformity of the temperatures, the
water-cooling of the flange portion and the rolling in the heat

returning process are carried out at least once. Preferably this

"cyclic process of water-cooling and rolling can be repeatedly

performed according to the size of shaped steel and the number
of rolling passes.

[00781] In this invention, after finishing the hot
rolling process, it is preferable that the shaped steel is
either naturally cooled, or rapidly cooled, for instance, at
least once, and then naturally cooled. In this cooling process

the microstructure of the steel is fine-grained, which leads
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to improvements of strength at room temperatures, toughness and
strength at high temperatures.

[0079] In the case where the rapid cooling is performed
before natural cooling, the average cooling rate should
preferably be between 0.5 and 5.0°C/s so that the microstructure
can be further fine-grained.

[0080] In the present invention, after performing the
cooling process above-described, shaped steel excellent in
fire-resistance having the following mechanical properties can
be manufactured. That is, for example: mechanical properties
where strength ratio defined by (0.2% proof stress at
600°C)/ (yield strength at room temperature) is 50% or more,
yield ratio at room temperature is 80% or less and Charpy impact
absorption energy at 0°C is 100J or more; where.the flange
portion tensile strength at room temperature is 400 MPa class
(grade), 0.2% proof stress at 600°C is 157 MPa or more and Charpy
impact absorption energy at 0°C is iOOJ-or more; and where the
flange portion tensile stréngth at room temperature is 490 MPa
class, 0.2% proof stress at 600°C is 217 MPa or more and Charpy

impact absorption energy at 0°C is 100J or more.

EXAMPLES
[0081] Examples of the present invention are described
below. However conditions described 1in the examples are
considered as illustrative only and the present invention is

not restricted to these conditions. The invention can be applied
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in other various conditions without departing from the gist of
the invention for accomplishing the object of the invention.

[0082] The steel blooms and billets used in these
examples, having component (s) /composition(s) shown in Table 1

and the mol fractions of precipitates are predetermined through

equilibriumcalculation by the “Thermo-Calc” at 600 °C and 300°C,

are melted in a steel converter and blooms and billets of about
240-300mm in thickness are cast in a continuous casting process.
In Table 1, “tr” means “impossible to detect” or “unavoidable
impurities”.

[0083] The conditions of examples “a - g” of comparison
steels, are outside the range of the invention. The conditions
of components of example “a - c¢” arewithin that of the invention,
but the mol fractions of precipitates of alloy carbides and
alloy carbonitrides at 600 °C are not within the range of the
invention (0.3 % ahd more). As for examples “d - g”, each of
the ratios of the mol fraction of the precipitate of alloy
carbides and alloy carbonitrides at 300 °C to the mol fraction
of the precipitate of alloy carbides and alloy carbonitrides
at 600 °C, i.e., (the mol fraction at 300°C)/(the mol fraction
at 600°C) are outside the range of the invention (2.0 and less).

[0084] In TABLE 1, the ratio of mol fraction of
precipitate of alloy carbides and alloy carbonitrides at 300
°C to that at 600 °C shown in the rightmost column is not

completely identical to the value calculated by each of the mol

fraction of ©precipitate of alloy carbides and alloy
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carbonitrides at 300 °C and that at 600 °C. The difference is
caused by number of significant digits, because each of the mol
fraction of precipitate of alloy carbides and alloy
carbonitrides are calculated to three decimal places, which is
rounded off.

[0085] Each of the casted steel are reheated to 1100 -
1300°C and then subjected to the hot rolling process including
a break-down process performed by a groove rolling process, an
intermediate rolling process. of a group of intermediate
universal rolling machine including an edger rolling machine
andatndversalrolliﬁgn@chine,andaafinishingrollingprocess
performed by a universal rolling machine to form a H-shaped
steel of predetermined size.

[0086] 1In the above hot rolling process, the web height
of H-shaped steel is controlled by a folling process using a
skew roll.

[0087] H-shaped steel, of which the web thickness ranges
from 9 mm to 40 mm, the flange thickness ranges from 12 mm to
60 mm, the web height is about 500 mm and the flange width ranges
from 200 mm to 500 mm, are manufactured.

[0088] FIG. 1 shows a C-section of H-shaped steel, which
is created by cutting the steel in a lateral direction (not
longitudinal direction). The mechanical properties of the
manufactured H-shaped steel are obtained by carrying out a
variety of tests using a test piece (specimen). FIG.1l shows

locations from where the test pieces (specimen) are taken. A
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first location is the center area of flange 2 in the thickness
direction (1/2 t ;) and one-fourth (1/4 B) position of the total
flange width (B) away from the end of flange 2 in the flange
width direction. A second location is the center area of flange
2 in the thickness direction (1/2 t,) and a half (1/2 B )
position of the total flange width (B) in the flange width
direction (fillet part). A third location is the center area
of web 3 in the thickness direction (1/2 t;) and a half (1/2
H) position of the total web height (H) in the flange width
direction. The mechanical properties at the above (1/4 B)
position can represent the mechanical properties of the flange
portion of H-shaped steel. However, the mechanical properties
at the above three locations are measured and an average value
of the mechanical properties of the three locations and a value
of‘the mechanical property of the web portion (third location)
are checked to confirm that excessive strengthening of
mechanical properties with the web portion can be prevented.
That is, a ratio of the value of the web portion to the average
value of the three locations is calculated.

[0089] TABLE 2 illustrates the results of the above test,
i.e., yield strength at room temperature, tensile strength at
room temperature, yield ratio at room temperature, Charpy
impact absorption energy at 0°C (3 points average value
according to JIS, the specimen is JIS NO.4 (full size), with
2mm V-shape notch), 0.2% proof stress at 600°C according to JIS

A2, and ratio of 0.2% proof stress at 600°C and yield strength
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at room temperaturé, for instance, according to JIS NO. 13A or
13B, depending upon the thickness of the shaped steel. As for
the Charpy impact test, the data in TABLE 2 represents measured
values of the fillet part (1/2 B) which has a lower value in
the Charpy impact test than that of any other part in the section
of the H-shaped steel. As for the 0.2% proof stress at 600°C,
the data in TABLE 2 represent measured values of the (1/4 B)
position iﬁ the flange portion. The value of the(l/4 B)
position represents the strength of the H-shaped steel. There
are two different classes (grades) of strength required to the
steel. One is SN400 class, where the tensile strength at room
temperature is 400 MPa and more, the other is SN490 class, where
the tensile strength at room temperature is 490 MPa and more.
As for SN400 class, examples whose strengths.are appfoximately
400-520 MPa are shown. As for SN490 class, examples whose
strengths are approximately 500-611 MPa are shown. In TABLE 2,
the results are described according to the classes. Also, the
ratio of the value of the mechanical property of the web portion
to that of the average value of the three locations is calculated
and listed therewith.

[0090] The steel of the invention satisfy such
conditions as the components, and the mol fraction of
precipitate of the alloy carbides and alloy carbonitrides. The
mechanical properties of the steel of the invention attain the
target properties both at high temperéture (600 °C) and room

temperature, such as yield strength, tensile strength, Charpy
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impact absorption energy at 0°C, particularly the strength
ratio of the flange part of the steel is defined as (0.2 % proof
strength at 600 °C)/(yield strength at room temperature) and
yield ratio at room temperature.

[0091] The comparative examples, despite of having the
same components as the steel of the present invention, do not
satisfy at least one of the mechanical properties at room
temperature and high temperature because they do not meet the
requirements of mol fraction of precipitate of alloy carbides
and alloy carboﬁitrides in the present invention.

[0092] Comparative steels “c, f, g” are insufficient in
the Charpy impact absorption energy at 0°C in comparison with
the steel of the present invention (100 J or more). Comparative
steels “a, b”, belonging to class SN400, do not reach the target
value of 0.2% proof strength at 600 °C, i.e., 157MPa and more.
Comparative steels “d, e”, belonging to class SN490, havea 0.2 %
proof strength at 600 °C of 206, 212MPa respectively, which do
not reach the target value of 217MPa and more. The strength
ratios of comparative steels “d, e” do not reach the target value
of 50% or more.

[0093] As previously mentioned, the present invention
provides for shaped steel excellent in fire-resistance and
having the desired strength at high temperature and mechanical
properties at room temperature by forming alloy carbides and
alloy carbonitrides mainly made of V and Mo under the proper

balance of added amounts of V and Mo.
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[0094] The shaped steel of the present invention is very
useful as a construction material and has great industrial
applicability.

[0095] All cited patents, publications, copending
applications, and provisional applications referred to in this
application are herein incorporated by reference.

[0096] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the present invention, and all such modifications
as would be obvious to one skilled in the art are intended to

be included within the scope of the following claims.

* * * * * * *
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CLAIMS

1. A shaped steel, comprising in mass percent (%):
C: 0.03-0.15;
Mo: 0.1- 0.6;
V £ 0.35; and
N: 0.002-0.012,
and the balance being iron and residual impurities, wherein
(x) amol fraction of precipitate of alloy carbides and
alloy carbonitrides at 600°C is 0.3 % or more, and
(y) a ratio of the mol fraction of precipitate of alloy
carbides and alloy carbonitrides at 300°C to the mol fraction
of precipitate of alloy carbides and alloy carbonitrideé at

600°C is 2.0 or less.

2. The shaped steel according to claim 1, further
comprising:

Si.: 0.05-0.50;

Mn : 0.4-2.0; and

Al £ 0.01,
wherein the amount of V ranges from 0.04 to 0.35 in mass %, a
flange portion of the shaped steel has 50% or more of a ratio
of strength, 80 % or less of yield ratio, and 100 J or more of

impact strength of Charpy impact test at 0°C, wherein the ratio

37



10

15

20

25

WO 2006/011618 PCT/JP2005/013999

of strength = (proof stress of 0.2% at 600°C)/(yield strength

at room temperature).

3. The shaped steel according to claim 1 or 2, further

comprising one or more of following elements in mass percent

o

(%) :
Ti : 0.005-0.020;
Nb £ 0.06 %;
Cr é 0.7;

Ni £ 1.0; and

wherein the content of V ranges from more than 0.20 to 0.35 in

mass%.

4. A method for producing a shaped steel according to
claim 1 by hot rolling after reheating a casted steel,
comprising steps of:

(a) reheating the casted steel to 1100 - 1300 °C;

(b) hot .rolling the casted steel to form the shaped steel;
and

(c) after terminating the hot rolling, naturally cooling

or rapidly cooling then naturally cooling the shaped steel.

5. The method according to claim 4, wherein the step of
hot rolling includes water-cooling the shaped steel at least

once to 700°C or less as measured at the surface of a flange
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portion of the shaped steel and then rolling in the heat

returning process.
6. The method according to claim 5, wherein the step of

rapid cooling is performed at an average cooling rate of 0.5

to 5.0°C/s.
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COMPONENTS: 0.05C-0.155i-0.7Mn-0.3Mo~0.35V-0.006Nb—0.004N

mol FRACTION OF PRECIPMATION OF (M2C TYPE CARBIDE + MCN
TYPE CARBONITRIDE) AT 600°C: 0.53%

RATIO OF THE mol FRACTION AT 300°C TO THAT OF 600°C: 1.03
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FIG.2(a)

MOL_FRACTION OF PRECIPITATES (x10=3)

COMPONENTS: 0.05C-0.15Si-0.7Mn—0.3M0o—0.22V-0.002Nb—-0.004N

mol FRACTION OF PRECIPITATION OF (M2C TYPE CARBIDE + MCN
TYPE CARBONITRIDE) AT 600°C: 0.52%

RATIO OF THE mol FRACTION AT 300°C TO THAT OF 600°C: 1.14
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