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ABSTRACT

An abrasion resistant steel excellent 1n bending

formability and suitable for members, e.g., power shovels,

which come into contact with earth and sand, and a

production method thereof are provided. Specifically, the

steel contains, on a percent by mass basis, 0.05% to 0.35%

O

O

1.

1.

1

f C, 0.05% to 1.0% of S1, 0.1% to 2.0% of Mn, 0.1% to 1.2%
Ti, O;l% or less of Al, at least one element of O.i% to
O%'of Cu, 0.1% to 2.0% of N1, 0.1% to 1.0% of Cr, 0.05% to
0% of Mo, 0.05% to 1.0%/of W, and 0.0003% to 0.0030% of B,

el

O

. f necessary at least one element of 0.005% to 1.0% of Nb

v,

and 0.005% to 1.0% of V, and the remainder including Fe and

incidental impurities, where DI* represented by the

following formula is less than 60.

DI* = 33.85 x (0.1 x C*)°° x (0.7 x Si +1) x (3.33 x Mn + 1)

X (0.35 x Cu + 1) x (0.36 x N1 + 1) X (2.16 x Cr + 1) X (3 X

Mo* + 1) X (1.5 X W* + 1) (1)

where C* = C - 1/4 X (T1 - 48/14N), Mo* :'Mo Xx (1 - 0.5 X

(T1i - 48/14N)), and W*x = W x (1 -~ 0.5 x (T1i - 48/14N)).

[Selected Figure] Fig. 1
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DESCRIPTION

ABRASION R

L]
N

ISTANT STEEL EXCELLENT IN FORMABILITY AND

PRODUCTION METHOD THEREOF

Technical Field

The present invention relates to an abrasion resistant

steel suitable for members, which have issues in wear or

abrasion resulting from contact with earth and sand, of

1ndustrial machines and transporting machines, e.g., power

shovels, bulldozers, hoppers, and buckets, used in the

gh—

fields of construction, civil engineering, mining, and the

gl

like and a production method thereof. 1In particular it

relates to an abrasion resistant steel excellent in bending

formability.'

Background Art

Steels having an excellent abrasion resistant property

are used for members which are worn and abraded by earth and

sand, 1in order to obtain its prolonged service life. It is
known that the abrasion resistant property of the steel 1is
improved by increasing hardness. Therefore, steels having a

hardness increased by subjecting the steel containing large

amounts of alloy elements, e.g., Cr and Mo, to a heat

treatment, e.g., guenching, has been used for a member

required to have the abrasion resistant property.
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For example, Japanese Unexamlned Patent Application
Publication No. 62-142726 proposes a method for producing an
abrasion resilistant steel plate, wherein a steel containing

0.10% to 0.19% of C and appropriate amounts of Si and Mn and

having Ceq limited to 0.35% to 0.44% is hot rolled and,

thereafter, is quenched directly or is reheated to 900°C to

950°C and quenched, followed by tempering at 300°C to 500°C

so as to have a steel surface hardness of 300 HV (Vickers

hardness) or more.

Japanese Unexamined Patent Application Publication No.

63-169359 proposes a method for producing an apbrasion

resistant thick steel plate, wherein a steel containing

0.10% to 0.20% of C and appropriately adjusted amounts of Si,

Mn, P, S, N, and Al, or further containing at least one

element of Cu, Ni, Cr, Mo, and B is hot rolled, followed
directly by quenching or above steel is hot rolled, cooled

through standing, reheated, and guenched, so as to be

-

provided with a hardness of 340 HB (Brinel .hardnéss) or

more.

Japanese Unexamined Patent Application Publication No.

1-142023 proposes a method for producing an abrasion

resistant steel, wherein a steel containing 0.07% to 0.17%

—

of C and appropriately adjusted amounts of Si, Mn, P, S, N,

and Al, or further containing at least one element of Cu, Ni,

Cr, Mo, and B 1is hot rolled, followed directly by gquenching
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or above steel is hot rolled, air cooled to the room

temperature, reheated, and quenched, so as to produce a

steel having a surface hardness of 321 HB or more and

exhibiting excellent bending formabillity.

In the technologiles described in Japanese Unexamined

Patent Application Publication No. 62-142726, Japanese

Unexamined Patent Application Publication No. 63-169359, and
Japanese Unexamined Patent Application Publication No. 1-
142023, the hardness is increased taking advantage of solid

soluticn_hardening, transformation hardening, precipitation

hardening, and the like by addition of large amounts of
alloy elements and, thereby, the abrasion resistant

characteristic 1s 1lmproved. However, 1n the case where the

hardness 1s i1ncreased taking advantage of solid solution

hardening, transformation hardening, precipitation hardening,
and the like by addition of large amounts of allojelements,
the weldabillity and the formability deteriorate and,
furthermore, the productilion cost i1ncreases.

Regarding the member required to have the abrasion
resistant property, in some cases, merely an increase in

—

hardness of only a surface and the vicinity of surface to

improve the abrasion resistant property is good enough
depending on the use condition. Regarding the steel used in
such a case, 1t 1s believed that addition of large amounts

p— .

cof alloy elements, e.g., Cr, Mo, and the like 1s not
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necessary, but a heat treatment, e.g., quenching, 1s

'

conducted so as to allow only a surface and the vicinity of

surface to have a hardened structure.

In general, an increase in the amount of solid solution

C in the steel is required to increase the hardness of the

"

hardened structure. However, the increase in the amount of

solid solution C causes deterioration of the weldability,

—

deterioration of the bending formability, and the like. In

particular; the deterioration of the bending formability

limits the bending which is required of the member and,

therefore, the use condition 1s limited.

Consequently, an abrasion reslstant steel with the

abrasion resistant property of which can be improved'without

increasing the hardness excessively, has been desired.

Japanese Patent No. 3089882 proposes an abrasion resistant
steel containing 0.10% to 0.45% of C, appropriately‘adjnsted

amounts of Si, Mn, P, S, and N, and 0.10% to 1.0% of Ti,

including 400 particles/mm* or more of TiC preclpitates or '

complex precipitates of TiC and T1iN or TiS, which have an

average particle diameter of 0.5 um or more, having 0.05% or

more, and less than 0.4% of Ti*, and exhibiting.imprOved

_
p—
—

surface properties.

Furthérmore, Japanese.Unéxamined Patent Application

Publication No. 4-41616 proposes a method for producing an

abrasion resistant steel, wherein 0.05% to 0.45% of C, 0.1%
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to 1.0% of Si, 0.1% to 1.0% of Mn, and 0.05% to 1.5% of Ti

are contained and the bending formability 1s 1mproved by

specifying a surface hardness to be 401 or less on a Brinell
hardness basis.

According to the technologies described i1n Japanese

Patent No. 3089882 and Japanese Unexamilned Patent

Application Publication No. 4-41616, coarse precipitates

primarily containing TiC are produced in solidification and,
thereby, the abrasion resistant property can be improved
inexpensively without increasing the hardness excessively.

However, in the technology described in Japanese Patent

No. 3089882, a quenching heat treatment 1s conducted and,

thereby, the microstructure remains in a martensitic.

s:ructure'which 1s the state after quenching and the

strength 1s high. As a result, the deformation resistance

in bending i1ncreases and 1t 1s difficult to say that the

bending 1s easy. Therefore, a bending formability problem

remalns.

In the technology described in Japanese Unexamined

"Patent Application Publication No. 4-4106l0, the surface
hardness is specified to be 401 or less on a Brinell
.hardness baslis 1n order to ensure the bending formability.

However, since the amount of addition of the alloy elements

1s large, the tensile strength exceeds 780 MPa. Therefore,

satisfactory bending formability is not achieved from the
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viewpoint of reduction in a load during forming.

Regarding the abrasion resistant steel described in

~each of Japanese Unexamined Patent Application Publication
No. 62-142726, Japanese Unexamined Patent Application
Publication No. 63-169359, Japanese Unexamined Patent

Application Publication No. 1-14202Z23, and Japanesé

Unexamined Patent Application Publication No. 4-41616, 1t 1s

indispensable to conduct the heat treatment, and problems

F

remain from the viewpoint of production times and production

costs.

Accordingly, it ié an object of the present invention
to provide an abrasion resistant steel which can be produced
by hot rolling without conducting a heat treatment and which
1s excellent 1n abrasion resistant property and bending

formability, as well as a production method thereof.

Disclosure of Invention

In order to achieve the above-described object, the

inventors of the present inventlon conducted 1ntensive

research on various factors having i1nfluences on the

abrasion resistant property and the bending formability. As .

a result, 1t was found that a forming load in the bending

was able to be reduced, i1.e. the bending formability was

able to be 1mproved, while the abrasion resistant property

was ensured, by including a chemilical composition containing
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Ti and C, allowing a micro structure of base metal to

F

include a complex structure of a ferrite and pearlite

structure, which remained unchanged after rolling, as a base

phase, and dispersing a second phase (hard phase: T1i based

carbide) in a matrix.

The present invention has been made on the basis of the

obtained findings and additional research. That 1s, the

present i1nvention relates to the followings.

1. An abrasion resistant steel having a tensile strength of

less than 800 Mpa comprising, on a percent by mass basis,

0.05% to 0.35% of C,0.05% to 1.0% of S1, 0.1% to 2,0% of Mn,

0.1% to 1.2% of Ti, 0.1% or less of Al, at least one element
of 0.1% to 1.0% of Cu, 0.1 to 2.0% of Ni, 0.1% to 1.0% ot
Cr, 0.05% to 1.0% of Mo, 0.05% to 1.0% of W, and 0.0003% to

B

0.0030% of B, and the remainder including Fe and incidental

impurities, where DI* represented by Formula (1) 1s less
than 60,

DI* = 33.85 x (0.1 x C*)"° x (0.7 x S1 + 1) x (3.33 x Mn +1)
x (0.35 x Cu + 1) x (0.36 x Ni + 1) x (2.16 x Cr + 1) x (3 X
Mo* + 1) x (1.5 x W + 1) (1)

where C* = C - 1/4 x (Ti - 48/14N), Mo* = Mo x (1 - 0.5 X
(T1 - 48/14N)), W* Wx (1 - 0.5 x (Ti - 48/14N)), and C,

Si, Mn, Cu, Ni, Cr, Mo, W, Ti, and N represent contents 1n

percent by mass,

F

wherein a microstructure of base metal comprises a ferrite

and pearlite phase as a base phase, with a volume fraction

-

of 90% or more and a hard phase is dispersed 1in the Dbase

phase.

2. The abrasion resistant steel according to item 1,

—

further comprising at least one element of 0.005% to 1.0% of

Nb and 0.005% to 1.0% of V on a percent by mass basis.

3. The abrasion resistant steel according to Claim 1 or

F

Claim 2 wherein the dispersion density of the hard phase 1is

400 particles/mm’ or more.
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4. A method for producing an abrasion resistant steel, the

pr—

method comprising the steps of hot rolling a steel slab

having the composition according to i1tem 1 or item 2 and

1)

conducting cooling to 400°C or lower at a cooling rate of

2°C/s or less after hot rolling.

5. The method for producing an abrasion resistant steel

excellent 1n formability, according to item 4, wherein the

hot rolling reduction rate at a steel surface temperature ot

920°C or lower is specified to be 30% or more and the

rolling finishing temperature 1s specified to be 1n the

range of 810°C to 900°C.

Here, 1t 1s preferable that the above-described hard

phase 1s specified to be a Ti based carbide, e.g., TiC.

can include TiC, (NbT1)C, (VT1)C, and TiC

o
——

Examples thereo:

which Mo and/or W is dissolved in.
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‘According to the present invention, the abrasion

resistant steel exhibiting the bending formability improved

~without impairing the abrasion resistant property can be

obtained without conducting a heat treatment after hot

rolling. Therefore, rational production, e.g., a reduction

in heat treatment cost and a reduction 1n production time,

can be conducted, so that‘remarkable industrial effects are

exerted.

o d

Description of Drawings

&

T

R 1 e

"Fig. 1 1s a diagram showing an effect of the amount of

addition of Ti on the abrasion resistant property.

'

Fig. 2 is a diagram showing an effect of the amount of

F

addition of Ti on the tensile properties (yield strength: YS,

tensile strength: TS).

- Fi1g. 3 1s a diagram showing an effect of DI* on the

abrasion resistant property.

n

Fig. 4 1s a diagram showing an effect of the amount of
DI* on the tensile properties (ylield strength: YS, tensile

strength: TS).

Best Modes for Carrying Out the Invention

The reasons for specifying the chemical composition'and

the microstructure of base metal of the abrasion resistant

steel according to the present invention will be described.
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(Chemical compositionj' Hereafter, every expression 1n the

unit % is on a percent by mass basils.

C: 0.05% to 0.35%

An element C is effective for increasing the hardness

g~

of the matrix in the microstructure of base metal so as to

improve the abrasion resistant property, as well as for

forming Ti carbide serving as a hard second phase (hereafter

may be referred to as a hard phase) so as to improve the

abrasion resistant @ropertyu In order to obtain such

ﬁ'

~

fects, 1t 1s necessary that the content is 0.05% or more.
On the other hand, i1f the content of C exceeds 0.35%,
the carbide serving as the hard phase become coarse, and

cracking occurs during bending whille the carbide serves as a

crack initiation site. Consequently, C 1s specified to be

P

within the rangé of 0.05% to 0.35%. Preferably, C is 0.15%

to 0.32%.

Ti: 0.1% to 1.2%

Elements Ti and C are important in the present
'invention, and Ti is an indispensable element which forms Ti

carbide serving as a hard phase contributing to improvement

of the abrasion resistant property. In order to obtain such

effects, 1t 1s necessary that the content is 0.1% or more.

' and

Fig. 1 shows an effect of the amount of addition of Ti

on the abrasion resistant propertyu' Fi1g. 2 shows an effect

of the amount of addition of Ti on the tensile properties
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(yvield strength: YS, tensile strength: TS). In Fig. 1, the
vertical axis indicates the abrasion resistance ratic, where
the amount of abrasion in a rubber wheel abrasion test is
compared with the abrasion weight loss of a mild steel
(SS400) .

If the amount of addition of Ti is 0.1% or more,
characteristics in which the abrasion resistant property is
higher than or equal to that of a common abrasion resistant
steel are obtained and TS 1s reduced to 800 MPa or less.
That is, the formability can be improved while the abrasion

characteristics equal to the known abrasion resistant steel,

\

which has been subjected to a2 quenching heat treatment, 1s

maintained.
The test steel 1in the rubber whegl abrasion test was
produced by rolling a steel slab ccntaining 0.33%C-0.353%381i-

0.82%Mn-0.05% to 1.2%3T1 to 19 mm thickness and, thereafter

conducting air-cooling at a cooling rate of 0.5°C/s.

The resulting steel was subjected to tensile tests and

abrasion tests. Regarding the tensile test, a JIS No. 5

test piece was taken on the basis of the stipulation of JIS

722201, and the tensile test was conducted s0O as to determine

the tensile properties (yield strength: YS, tensile

strength: TS).

Regarding the abrasion test, the rubber wheel abrasion

test was conducted on the basis ¢f ASTM G665, and the test
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P

results were organized in terms of the abrasion resistance

p— pr—

ratio that is the ratio of the amount of abrasion weight

loss of the mild steel (SS400) to the amount of abrasion

P

welght loss of each test steel. The larger abrasion

resistance ratio corresponds to better abrasion

characteristics.

For the purpose of a comparison test, the same test as

the above-described test was conducted regarding an abrasion

resistant steel produced by a common heat treatment. The

=

and

obtained results are shown as a known steel in Fig.

Fig. 2. Here, the common abrasion resistant steel refers to

a steel which'i1s a material produced by hot rolling a steel
having a composition of 0.15 mass%C-0.35 mass%Si-1.50

massiMn-0.13 mass%Cr-0.13 mass%Mo-0.01 mass%Ti-0.0010 mass%B,

conducting reheating to 900°C and, thereafter, conducting a
quenching heat treatment, and which has a Brinell hardness

of about 400'HB.

On the other hand, 1f the T1 content exceeds 1.2%, the

hard phase (Ti1i based carbide) becomes.coarSe, and cracking

occurs during bending while the coarse hard phase serves as

a crack 1nitiation site. Consequently, Ti is limited within

the range of 0.1% to 1.2%, and preferably 0.1% to 0.8%.

Si: 0.05% to 1.0%

An element Si is effective as a deoxidizing element. In

order to obtaln such an effect, 1t is necessary that the
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content is 0.05% or more. Furthermore, S1 1s an element

which forms a solid solution 1n a steel so as to contribute

to an increase in hardness because of solid solution

strengthening. However, if the content exceeds 1.0%,

problems occur in that, for example, the ductility and the

toughness deteriorate and the inclusion content 1ncreases.

Theréﬁore, preferably, Si is limited withln the range of _

0.05% to 1.0%. More preferably, Si 1s 0.05% to 0.40%.
Mn: 0.1% to 2.0%
An element Mn contributes to an 1ncrease 1n hardness

gt

because of solid solution strengthening. In order to obtain

such an effect, i1t i1s necessary that the content i1is 0.1% or

I e

more. On the other hand, if the content exceeds 2.0%, the

weldability deteriorates. Therefore, preferably, Mn 1is
limited within the range of 0.1% to 2.0%. More preferably,
Mn 1s 0.1% to 1.60%.

Al: 0.1% or less

An element Al acts as a deoxidizing element. Such an

pr—
p—

effect 1s observed if the content 1s 0.0020% or more.

However, a large content exceeding 0.1% allows the cleanness

of the steel to deteriorate. Therefore, preferably, Al is

limited to 0.1% or less.

At least one element of 0.1% to 1.0% of Cu, 0.1% to

2.0% of N1, 0.1% to 1.0% of Cr, 0.05% to 1.0% of Mo, 0.05%

to 1.0% of W, and 0.0003% to 0.0030% of B
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Cu: 0.1% to 1.0%

An element Cu improve the hardenability because of
solid solution. In order to obtain this effect, it 1s

necessary that the content is 0.1% or more. On the other

hand, if the content exceeds 1.0%, the hot formabiTity'

deteriorates. Therefore, preferably, Cu is limited within

the range of 0.1% to 1.0%. More preferably, Cu 1s 0.1% to

0.5%.

Ni: 0.1% to 2.0%

An element Ni improve the hardenability because o

F

solid solution. Such an effect becomes remarkable if the

content is 0.1% or more. On the other hand, if the content

exceeds 2.0%, the material cost increases significantly.

- Therefore, preferably, Ni is limited within the range of

0.1% to 2.0%. More preferably, Ni is 0.1% to 1.0%.
Cr: 0.1% to 1.0%

F—

An element Cr exerts an effect of improving the

hardenabilityy In order to obtain such an effect, it is

necessary that the content is 0.1% or more. However, 1f the

content exceeds 1.0%, the weldability deteriorates.

Therefore, preferably, Cr 1s limited within the range of

0.1% to 1.0%. More preferably, Cr 1s 0.1% to 0.8%. Further

preferably, Cr 1s 0.4% to 0.7%.

Mo: 0.05% to 1.0%

An element Mo improves the hardenability. In order to
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obtain such an e

fect, it 1s necessary that the content 1is
0.05% or more. On the other hand, if the content exceeds

1.0%, the weldability deteriorates. Therefore, preferably,

" d

Mo is limited within the range of 0.05% to 1.0%. More

preferably, Mo is 0.05% to 0.40%.
W: 0.05% to 1.0%
An element W improves the hardenability. In order to

guttn,

obtain such an effect, it i1s necessary that the content 1s

0.05% or more. On the other hand, if the content exceeds

1.0%, the weldability deteriorates. Therefore, preferably,

W is limited within the range of 0.05% to 1.0%. More

preferably, W is 0.05% to 0.40%. Since Mo and W form solid

am

solutions in TiC, an effect of increasing the amount of hard

phasé is also exerted.

B: 0.0003% to 0.0030%

An element B segregates at grain boundaries, strengthen

grain boundaries, and contributes to improvement of the

- toughness effectively. In order to obtain such effects, 1t
is necessary that the content 1s 0.0003% or more. On the

other hand, 1f the content exceeds 0.0030%, the weldability

deteriorates. Therefore, preferably, B 1s limited within

the range of 0.0003% to 0.0030%. More preferably, B is
0.0003% to 0.0015%.

DI* < 60

In the present invention, DI* (hardenability index) is
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defined as DI* = 33.85 x (0.1 x C*)%5 x (0.7 x Si +1) x (3.33

x Mn + 1) x (0.35 x Cu 1) x (0.36 x Ni + 1) x (2.16 x Cr +

1) x (3 x Mo* + 1) x (1.5 x W* + 1), where C* = C - 1/4 x (Ti
- 48/14N), Mo* = Mo x (1 - 0.5 x (Ti - 48/14N)), and W* = W
x (1 - 0.5 x (T1i - 48/14N)), and satisfies DI* < o0. Here, C,

i, Mn, Cu, Ni, Cr, Mo, W, Ti, and N represent contents

(percent by mass). Fig. 3 shows an effect of DI* on the

abrasion resistant property. Fig. 4 shows an effect of DI~

on the tensile properties (yield strength: YS, tensile
strength: TS). In Fig. 3, the vertical axis indicates the
abrasion resistance ratio, where the amount of abrasion in

the rubber wheel abrasion test is compared with the amount

of abrasion of the mild steel (SS400). The larger abrasion
resistance ratio corresponds to better abrasion
characteristics.

As is recognized from Fig. 3 and Fig. 4, 1n the case

where DI* is less than 60, the amount of abrasien 1s at a

level equal to that of a common abrasion resilistant steel

regardless of low strength, that 1is, TS is 800 MPa or less.

- On the other hand, if DI* is 60 or more, excellent |

abrasion resistant property i1s exhibited, however, the

tensile strength is 800 MPa or more and the formabillty 1is

poor. The reason is estimated that 1n the case where DI* 1s
60 or more, a ferrite and bainite structure results.

The test steel in the rubber wheel abrasion test was
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produced by rolling a steel slab containing 0.34%C-0.22%Si-

0.55%Mn-0.22%T1 on a percent by mass basis and at least one

element of Cu,-Ni, Cr, Mo, and W, where DI* is 40 to 120, to

3 mmt and, thereafter, conducting air—cooling (cooling rate:

1.2°C/s).

The resulting steel was subjected to tensile tests and

abrasion tests. Regarding the tensile test, a JIS No. 5

N

test piece was taken on the basis of the stipulation of JIS

0

22201, and the tensile test was conducted so as to determine

the tensile properties (yield strength: YS, tensile
strength: TS).

The rubber wheel abrasion test was conducted on the

basis of ASTM G65, and the test resultS'were'organized in

terms of the abrasion resistance ratio that is the ratio of

- the amount of abrasion of the'mild steel (SS400) to the

amount of abrasion of each test steel.
The above-described components constitute the basic

components and an excellent abrasion resistant property is

obtained. In the present invention, a hard second phase 1is

formed and Nb and V, which are elements'contributing to the
‘abrasion resistant property, can be included as selective
elements in order to further improve the abrasion resistaht
property.

Nb: 0.005% to 1.0%

An element Nb is added in combination with Ti, forms a
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complex carbide ((NbTi)C) of Ti and Nb, and disperses as a

1

hard second phase, so as to contribute to an ilmprovement O:

the abrasion reslistant property effectively. In order to

g
p—

obtain such an effect of improving the abrasion resistant

property, it is necessary that the content 1is 0.005% or more.

On the other hand, if the content exceeds 1.0%, the hard
second phase (complex carbide of Ti and Nb) becomes coarse,

and cracking occurs during bending while the hard second

phase (complex carbide of Ti and Nb) serves as a crack

initiation site. Consequently, 1n the case where Nb is

added, preferably, Nb is limited withlin the range of 0.005%

to 1.0%. More preferably, Nb 1s 0.1% to 0.5%.

V: 0.005% to 1.0%

ITn a manner similar to that i1n the case of Nb, an

element V is added i1n combination with Ti, forms a complex

carbide ((VTi)C) of Ti and V, and disperses as a.hard second

phase, so as to contribute to an improvement of the abrasion

resistant property effectively. In order to obtain such an

F

effect of improving the abrasion resistant property, it 1is

n

‘necessary that the content is 0.005% or more.

On the other hand, 1f the content exceeds 1.0%, the

—

hard second phase (complex carbide of Ti and V) becomes

coarse, and cracking occurs during bending while the hard

second phase (complex carbide of Ti and V) serves as a crack

initiation site. Consequently, 1in the case where V 1is added,



CA 02685710 2009-10-28

- 19 -

preferably, V 1s limited within the range of 0.005% to 1.0%.

More preferably, V i1is 0.1% to 0.5%.

In the case where Nb and V are added in combination,

ay

the same effect of improving the abrasion resistant property

is exerted merely except that the hard second phase becomes

(NbVT1)C. In the case where N is contained, a carbonitride

may be formed in addition to a carbide, but the same effect

1is obtained.

tn
Z

However, in the case where the amount of addition o:

—

exceeds 0.01%, the proportion of N in the carbonitride

P

increases, the hardness of the hard second phase decreases,

and deterioration of the abrasion resistant property is

concerned. Therefore, it is preferable that the amount of

addition of N 1is specified to be 0.01% or less.

(Microstructure of base metal)
Regarding the abrasion resistant steel according to the

present invention, a microstructure of base metal is

specified to be a microstructure in which a base phase is a

ferrite and pearlite structure, and a hard phase (hard

second phase) is dispersed in the base phase. The base

phase means that the volume fraction thereof is 90% or more.

Regarding the steel according to the present invention, two

)

phases, i1.e. ferrite and pearlite, constitute 90% or more o:

¢

the whole.

Furthermore, it is desirable that the volume fraction
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of the ferrite phase is 70% or more, among them, and the

D

ferrite phase has an average particle diameter of 20 pm 1in

terms of an equivalent circle diameter. Preferably, the

P

base phase has a Brinell hardness of 300 HB or less in

consideration of the formability.

Tt is preferable that the hard phase is a Ti based

grne

carbide, e.g., TiC. Examples thereof can include TiC,

(NbTi)C, (VTi)C, and TiC which Mo and/or W is dissolved'in.

The size of the hard phase 1s not'specifically limlted.

However, from the viewpoint of the abrasion resistant

property, about 0.5 um or more, and 50 pm or less is

preferable. Furthermore, it 1s preferable that the

dispersion density of the hard phase 1s 400 particles/mm® or

p—

more from the viewpoint of the abrasion resistant property.

Regarding the size of the hard phase, the area of each
hard phase is measured, an equivalent circle diameter 1is

calculated from the area, the resulting equivalent circle

diameters aré arithmetically averaged, and the average value
is assumed to be the size (average particle diameter) of the
hard phaSe in the steel.

(Production method)

Regarding the abrasion resistant steel according to the

present invention, preferably, a molten steel having the
above-described composition 1s melted by a known melting

method and steel materials, e.g., a slab, having a
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predetermined dimension 1s produced by a continuous casting

method or an ingot making-blooming method.

In order to adjust the size and the number of the hard

phase at predetermined values, for example, 1n the case

where the contlnuous casting method 1s used, preferably, the

cooling is adjusted in such a way that the cooling rate of a

cast slab having a thickness of 200 to 400 mm in a

temperature range of 1,500°C to 1,200°C becomes 0.2°C/s to

10°C/s.

In the case where the ingot making method is used as

well, there 1s a need to adjust the size of the ingot and

the cooling condition in such a way that the size and the

number of the hard phase become predetermined values, as a

matter of course.

The steel material (cast slab or ingot) 1s hot rolled

immediately without cooling or the above material is cooled,

reheated'to 950°C to 1,250°C, and hot rolled, so as to

prOduce a steel having a predétermined sheet thickness.

After the hot rolling, cooling is conducted at an average

cooling rate of 2°C/s or less without a heat treatment.

_—  gi—

the cooling rate exceeds 2°C/s, the ferrite and

pearlite structure is not obtained, the tensile strength
becomes 800 MPa or more, the forming load in the steel

bending increases, and the formability deteriorates.

Therefore, the cooling rate is specified to be 2°C/s or less.
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The hot rolling condition is not specifically limited,

insofar as the steel having predetermined silze and shape can

be produced. However, in consideration of the toughness
which is a performance necessary to the steel, it 1is

necessary that the.rolling'reduction rate at a steel surface

g

~ temperature of 920°C or lower is specified to be 30% or more

and the rolling finishing temperature is specified to be

000°C or lower.

The abrasion resistant steel according to the present
invention can be used for various purposes in which bending
1s required to the hot-rolled steel with no need to conduct

a heat treatment after the hot rolling.

EXAMPLES

A molten steel having the composition shown in Table 1
was melted in a vacuum melting furnace so as to produce a

small steel ingot (50 kg) (steel material) . Thereafter,

heating to 1,050°C to 1,250°C and hot rolling were conducted

so that a test steel having a sheet thickness of 6 to 100 mm
was produced. Regarding each test steel, a microstructure

observation, a tensile test, an abrasion test, a Charpy

impact test, and a bend test were conducted.

(Microstructure observation)

A test piliece for the microstructure observation was

polished and etched with nital. Regarding the site at a
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position 1 mm under the surface layer, the microstructure

was identified by using an optical microscope (magnification

ratio: 400 times), and the ferrite grain'diameter and the

size and the number of the hard phase were measured. The
microstructure constituting 90% or more of the observation
field of view was assumed to be a base phase, and an average

particle diameter determined by the above-described method

was assumed to be the size of hard phase.

(Tensile test)

gt

A JIS No. 5 test piece was taken on the basis of the

e

stipulation of JIS Z2201, and the tensile test was conducted

on the basis of the stipulation of JIS 22241, so as to
determine the tensile properties (yield strength: YS,

tensile'strength: TS). The present invention is specified

to be within the range of a tensile strength (TS) of less

than 800 MPa and a yield strength (YS) of less than 600 MPa.

(Abrasion test)
A test plece was t (sheet thickness) X 20 x 75 (mm) and

the rubber wheel abrasion test was conducted by using

abrasion sand on the basis of the stipulation of ASTM G65.

After the test, the amount of abrasion of the test piece was

measured. .

The test results were evaluated on the basis of the

~abrasion resistance ratio = (amount of abrasion of mild

steel)/ (amount of abrasion of each test steel) with
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reference to the amount of abrasion (1.0) of the mild steel

(SS400). The larger abrasion resistance ratio corresponds

to better abrasion property. The range of the present

invention is specified to be an abrasion resistance ratio of

4.0 or more.

(Charpy impact test)

A V notch impact test plece was taken from the position

- at 1/4 in the plate thickness direction toward an L

direction on the basis of the stipulation of JIS 72202. The

Charpy impact test was conducted at a test temperature of

0°C on the basis of the stipulation of JIS 272242, so as to
determine Charpy absorbed energy. The number of test pieces

was three, and an average value was determined.

(Bend test)

Test pileces were taken on the basis of the stipulation

of JIS 722204. The width was 50 mm and in the case where the

plate thickness of the test steel was 45 mm or more, the

-
p—
—

thickness was reduced to 25 mm by cutting from one surface

side. In the case where the plate thickness of the test
steel was less than 45 mm, the plate thickness was not

changed. The bend test was conducted on the basis of the

stipulation of JIS Z2248. The bend test was conducted by a

pressing bend method at a pressing bend radius r of 1.5t.

Table 2 shows the results of the microstructure

observation, the tensile test, and the abrasion test.
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Invention examples (Steel Nos. 1 to 6 and Steel Nos. 8 and

9) are steels having a very excellent abrasion resistant

property in spite of the tensile strength (TS) < 800 MPa and

the yield strength (¥YS) < 600 MPa.

Furthermore, the Charpy absorbed energy was 27 J or

more in the case where the rolling finishing temperature was

900°C or lower. On the other hand, Comparative examples are

inferior in the abrasion resistant property to Invention

examples, or inferior 1in the bending formability because YS

gr—

and TS are high even if the abrasion resistant property 1is

at an equal level.



CA 02685710 2012-02-27

- 26

(LH4AAXE 1) Y LHROIXE) X (1D X8 1" ZIX(L-HNXEE0) X (1+NOXER0)X (S +HNXET R X (1HISXL'0) ¥gy (FOX1'0) XSBBE=HQ ‘T 93N
uo|jUeAl] JUeSalt SU JO N0 a8 SiogLInL peyEiIRISE | | G0N

=T
N
SidLlexd Uo[JUIAL} EE EEI
8|dliEXe UnJUEAU| %E EII
= |soo| - |
-~ | - {&E0
R
N
I




CA 02685710 2009-10-28

(40Ul 4O () Ofjed 80UR]SISSJ UOISBIGe UOIJUBAUI JUBsSald ayj Jo aduel)

(j9e1s yoea jo uoiseuqe jJo wc:oEmv\cmm_Hm pjiw JO uolse.qe JO junouie) oijel 50UB)SISO UOISBIGE 7 9]0N

UOIUBAUL JU9sald U3 JO N0 BJe SISQUINU PaYSLIB]SE : | 910N

9.AN1ONIISOLDIN

UOI}IPUOD duljjoy

G/9 Al ,SNuleq_a}lLIe4 G0 088 o€t} 61 s
0 6| ,o}uleq—oLLI0) 6o 088 0811 61 Y Z1
GO6 1'G| ,.,8,_5273_:& G0 068 0€1| 6l r |l
0 361 o}i|lead-o)llIa}) G0 006 011 61 _ 0l
GeL G'62 o} eed_a3LLIey G0 016 0gll 61 H 6
9G/ 9'1€ o)i|ieed—o}luI9) G0 06 0CLi 61 5 8
888 - LHsusEw \GY 026 0€11 0T 4 [
608 GhZ o}jtead-o)LLIa) £0°0 026 0gll 001 . 9
GZ 11 ! ojl|1ead_a)l18) GO0 098 0CLlL 09 ] G
€06 £Gl oy|read_a3l11s) 1°0 0P8 ' 0ELl G d b
Gv8 Ly o)ij4eed—a1l1Is) £0 0£8 oSl GZ 0 £
A £91 ojl[ead-—ajlLia) G0 018 0E11 61 g Z
£29 3¥! o}l|Jead—-a)li9}) G| 028 0} 9 v |
(w7 .
(qwi/sejoiped) (8/0,) (Do) (Do)
Jajswelp (ww)
so|oiped aseyd ainjonsls Alewltid ajel “aanjesoduwlal 839853 |OqQUWIAS |
| o ueas SSaUYOIY} ‘ON |99318
pley jo JaqUINN aujoon duiysiut 4 sunesy | 199313
231118 4 199YSQ

; |

2 ol




CA 02685710 2009-10-28

._28_..

0,0 40 a.injetadwo] 1s8)] m.. 1e (M) AdJouo vmﬂtownm joedw Adieyn .A_;vou\, :{ 910N

(e40W JO 'y ofjed S0UEBISISOL UOISRICGe UOIUSAUL JUSsSaLd BY] jo a8ue.)

(je91s yoee Jo uoiselqe 4o junowe)/(|983s piw JOo UOIseIqe JO JUNOWER) Ol1e4 9OUB)SISS. UoISeIge: | 910N

a|dwexe aAnesedwon

i

'

9} 6'G 8¢c8 669 X 6l ] |
o|dwexa sAeledwon G8 e GO6 £08 X 61 M 4l
maemxu oAneIedWOo) bl Y | 688 AV X 61 & L1
ojdwexs aAneledwon 012 9} | 1G9 £26 0 61 _ 0}
o|dWexa UoHRUSAUY 61 G 659 298 O 61 H 6
s|dutexa uonUaAU] 9l A ZL9 £eG O 61 3) 8
ojdwexs sAneledwoy 8Y £'9 6eel ?.2 . X 02 g [
- 9jdwexa uolUSAUJ Gl 9'G 268 86% O 001 4 9
a|dwexa uonueAyl G £ £09 126 O 09 3 G
m._%,._iLm LonuBAY| 6V G pGo9 ARt O G Q b
ojdwiexa uolUaAU] g AL 699 8EG O GZ o) g
ajdwexa uonusAul 4 6 689 6¥G O 61 g Z
“9jdwexa uoUSAU 6Y 9¥ 191 6GS O 9 ' |
ohe (BdiN) | -(BdWW) (3671 (L)
. . |OQUIAS
SyJewayy (M)03A oouelsisau SL SA snipe.) SSaUYoIY} "ON |9931%
| — | 1991Q
uolse.lqy 1S9] 9lIsus } 1S9) puag 199YQ

& 24 L




CA 02685710 2011-12-02

-~ Q —

CLAIMS

1. An abrasion resistant steel having a tensile strength of
less than 800 Mpa comprising, on a percent by mass basis,
0.05% to 0.35% of C,0.05% to 1.0% of Si, 0.1% to 2,0% of Mn,
0.1% to 1.2% of Ti, 0.1% or less of Al, at least one element
of 0.1% to 1.0% of Cu, 0.1 to 2.0% of Ni, 0.1% to 1.0% of
Cr, 0.05% to 1.0% of Mo, 0.05% to 1.0% of W, and 0.0003% to

0.0030% of B, and the remainder including Fe and incidental

1mpurities, where DI* represented by Formula (1) is less
than 00,

DI* = 33.85 x (0.1 x C*)"> x (0.7 x Si + 1) x (3.33 x Mn +1)
x (0.35 x Cu + 1) x (0.36 x N1 + 1) x (2.16 x Cr + 1) x (3 x
Mo* + 1) x (1.5 x W* + 1) (1)

where C* = C - 1/4 x (Ti - 48/14N), Mo* = Mo x (1 - 0.5 x
(Tr - 48/14N)), W = W x (1 - 0.5 x (Ti - 48/14N)), and C,

51, Mn, Cu, Ni, Cr, Mo, W, Ti, and N represent contents in

percent by mass,
whereiln a microstructure of base metal comprises a ferrite
and pearlite phase as a base phase, with a volume fraction

pn

of 90% or more and a hard phase is dispersed in the base

phase.

2. The abrasion resistant steel according to Claim 1,

"

further comprising at least one element of 0.005% to 1.0% of

pr—

Nb and 0.005% to 1.0% of V on a percent by mass basis.

3. The abrasion resistant steel according to Claim 1 or

pr—

Claim 2 wherein the dispersion density of the hard phase is

400 particles/mm* or more.

4. A method for producing an abrasion resistant steel, the

o

method comprising the steps of hot rolling a steel slab

having the composition according to Claim 1 or Claim 2 and
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conducting cooling to 400°C or lower at a cooling rate of

2°C/s or less after hot rolling.

5. The method for producing an abrasion resistant steel

excellent 1n formability, according to Claim 4, wherein the

hot rolling reduction rate at a steel surface temperature of

920°C or lower 1s specified to be 30% or more and the

rolling finishing temperature is specified to be in the

range of 810°C to 900°C.
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