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(57) Abstract: According to the present invention,
provided are a welded joint of extremely low-temperat-
ure steel and flux cored, submerged, and gas metal arc
welding materials which can be used to prepare the wel-
ded joint, wherein the welded joint of extremely low-
temperature steel has outstanding impact toughness in
extremely low-temperature conditions and excellent
yield strength at room temperature.
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[DESCRIPTION]

[Invention Titlel

L*]

STE! AND

WELDED JOINT OF EXTREMELY LOW-TEMPERATUR!

B3

(=3

-
~

WELDING MATERIALS FOR PREPARING SAME

[Technical Field]

The present disclosure relates to a welded joint of
extremely low temperature steel and a weldling material for
forming the welded joint. More particularly, the present
disclosure relates to flux cored, submerged, and gas metal
arc welding materials and welded Jjoints formed of the

materials.

[Background Art]

Recently, demand for liquefied natural gas (LNG) has

markedly increased, and thus, there 1s 1ncreasing demand

for transportation equipment and storage  tanks for

transporting and storing extremely low temperature LNG.

Tanks for transporting and storing LNG should have
sufficient impact resistance at LNG temperatures equal to
or lower than -162°C. Typical materials having a high
degree of impact resistance at extremely low temperatures

are aluminum (Al), 9% nickel (Ni) steel, and stailinless

steel (hereinafter referred to as "STS").

However, aluminum (Al) has a low degree of tensile

strength, and thus relatively thick aluminum plates have to

Page 1
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be used. In addition, aluminum (Al) has poor weldability.

9% Ni steel requires relatively expensive welding

materials such as Inconel 625 (nickel: 50 wt% or more, Cr:

P

20 wt% or more), and the yield strength of welded joint of

9% Ni steel is low. STS 1is relatively expensive and has a
low degree of thermal strain, and the quality of STS 1s not

guaranteed at extremely low temperatures.

Therefore, 1t 1s necessary to develop a technique for
forming high manganese (Mn) welded jolints for wuse 1n
extremely low temperature environments by using a material

guaranteeing weldability and which 1S relatively

lnexpensive, as compared to nickel (N1) used as an

austenite stabilizing element.

'}

Particularly, a welded Jjoint having a degree oO:

|

impact toughness of 27 J or greater 1s necessary for

maintaining the stability of a structure at an extremely

low temperature of -196°C or lower, and a welded joint

having a room temperature vyield strength of 360 MPa or

greater 1s necessary for manufacturing a structure at room
temperature. To this end, 1in the related art, materials

containing large amounts of relatively expensive nickel
(N1) and chromium (Cr) (Ni: 50 wt% or more, and Cr: 20 wt%
or more) are used to form welded joints. Therefore, there

is a need for a welding material containing low amounts of

Page 2
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relatively expensive elements and a welded joint formed of the

welding material.

[Disclosure]

[Technical Problem]

An aspect of the present disclosure may provide a welded

F

joint having a high degree of low temperature impact toughness

and a high degree of yield strength, the welded joint maintaining
an austenite phase having a high degree of toughness even at
extremely low temperatures and not exhibiting high temperature

cracking during a welding process.

An aspect of the present disclosure may also provide a

P

welding material for forming the welded joint.

F

However, aspects of the present disclosure are not limited

thereto. Additional aspects will be set forth in part 1in the

description which follows, and will be apparent from the

description to those of ordinary skill in the related art.

[Technical Solution]

According to an aspect of the present disclosure, a welded

joint of extremely low temperature steel may include, by wt%,

carbon (C): 0.05% to 1.30%, silicon (Si): 0.2% to 1.8%, manganese
(Mn): 0.4% to 23%, chromium (Cr): 0.01% or more to less than 12%,
nickel (Ni): 23% to 49%, at least one selected from molybdenum

(Mo), cobalt (Co), and tungsten (W): 0.01% to 10%, aluminum (Al):

3
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0.2% or less, and excluding 0%,titanium (Ti): 0.9% or less, and
excluding 0%, at least one selected from niobium (Nb) and
vanadium (V): 0.9% or less, and excluding 0%, at least one
selected from sulfur (S) and phosphorus (P): 0.035% or less, and
excluding 0%, and the balance of 1ron (Fe) and inevitable
impurities.

*

According to another aspect of the present disclosure, a

flux cored arc welding material may include a core and an outer

sheath surrounding the core, wherein the flux cored arc welding

material may include, by wt$%, carbon (C): 0.05% to 1.30%, silicon

(S1): 0.2% to 1.8%, manganese (Mn): 0.5% to 25%, at least one

selected from phosphorus (P) and sulfur (S): less than 0.031%,

nickel (Ni): 25% to 50%, aluminum (Al): 1.5% or 1less, TiO,: 3.5%

to 15%, at least one selected from potassium (K), sodium (Na),

and lithium (Li): 0.01% to 1.3%, titanium (Ti): 2.4% or less, at

least one selected from molybdenum (Mo), tungsten (W), and cobalt
(Co): 0.001% to 10%, and the balance of i1iron (Fe) and inevitable
impurities,

wherein the outer sheath may include, by wt%, nickel (Ni):
30% to 46%, other 1mpurities: 0.05% or 1less, and the balance of
i1ron (Fe).

According to another aspect of the present disclosure, a

submerged and gas metal arc welding material may include



CA 02890476 2015-05-01

a core and an outer sheath surrounding the core, wherein

the submerged and gas metal arc welding material may

include, by wt%, carbon (C): 0.05% to 1.20%, silicon (S1i):
0.3% to 1.2%, manganese (Mn): 3% to 253, at least one
selected from phosphorus (P) and sulfur (S): 0.03% or less,
nickel (Ni): 25% to 50%, aluminum (Al): 1.5% or less, and

the balance of iron (Fe) and inevitable i1mpurities,
wherein the outer sheath may include, by wt3, nickel
(Ni): 35% to 46%, other impurities: 0.05% or less, and the

F

balance of i1ron (Fe).

[Advantageous Effects]

The present disclosure provides a welded joint having

F

a high degree of 1mpact toughness at extremely low

temperatures and a high degree of yield strength at room

temperature. In addition, the present disclosure provides

a welding material for forming the welded joint by a flux
cored arc welding (FCAW) method, a submerged arc welding

(SAW) method, or a gas metal arc welding (GMAW) method.

i

The welding material contains low amounts of relatively

expensive alloying elements and thus may be economically

used.,

[Description of Drawings]

FIG. 1 1is a <cross-sectional view 1llustrating a

welding material according to an exemplary embodiment of

Page 9
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the present disclosure.

FIG. 2 1s a cross-sectional view 1llustrating a

welding material according to an exemplary embodiment of

the present disclosure.

FIG. 3 1s a cross-sectional view 1llustrating a
welding material according to an exemplary embodliment of

the present disclosure.

[Best Model

Generally, extremely low temperature hiligh manganese
(Mn) steel having a high Mn content 1s used as a substitute

for 9% nickel (N1) steel and stainless steel STS 304 used

for the manufacturing of liquefied natural gas (LNG)
storage tanks. It 1s known that extremely low temperature
high Mn steel has a stable austenlite structure even at
extremely low temperatures and thus does not require
additional processes such as a heat treatment process, and

g
o

does not exhibit toughness deterioration 1n a heat-affected

zone (HAZ) during welding.

A welded 7jJolint of extremely low temperature steel ot
the present disclosure may be formed by welding extremely

low temperature high Mn steel (which 1s used in extremely

low temperature applications such as marine structures,

energy facilities, shipbuilding facilities, and pressure

containers) by a submerged arc welding (SAW) method, a flux

Page ©
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cored arc welding (FCAW) method, or a gas metal arc welding
(GMAW) method. The welded joint of the present disclosure
is designed to have a high degree of low temperature i1impact
toughness. That 1s, the present disclosure provides a
welded joint formed by a SAW method, a FCAW method, or a
GMAW method and having a high degree of low temperature

F
—

impact toughness and a high degree of room temperature

vield strength. For this, components of the welded joint
are adjusted so that the welded 3Jjoint may maintaln an
austenite phase having a high degree of toughness even 1in
extremely low temperature environments and may not be

cracked at high temperatures during welding.

In addition, the present disclosure provides flux
cored, submerged, and gas metal arc welding materials. The
welding materials may be wused to weld extremely low
temperature high Mn steel to a different material and may

P

have a high degree of low temperature 1impact toughness.

That is, components of the welding materials are adjusted
so that the welding materials may maintailn an austenite
phase having a high degree of toughness 1n extremely low

temperature environments and may not <crack at high

temperatures during a welding process. That 1s, the

welding materials have a high degree of low temperature

impact toughness and allow all position welding.

Page 7/
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First, the welded joint of extremely low temperature
steel of the present disclosure will be described in detail.
According to an exemplary embodiment of the present
disclosure, the welded joint 1ncludes, by wt3, carbon (C):

0.05% to 1.30%, silicon (Si): 0.2% to 1.8%, manganese (Mn):

0.4% to 23%, chromium (Cr): 0.01% to 12%, nickel (N1): 23%
to 49%, at least one selected from molybdenum (Mo), cobalt
(Co), and tungsten (W): 0.01% to 10%, aluminum (Al): 0.2%
or less, titanium (Ti): 0.9% or less, at least one selected
from niobium (Nb) and wvanadium (V): 0.9% or less, at least

one selected from sulfur (S) and phosphorus (P): 0.035% or

less, and the balance of 1ron (Fe) and 1nevitable
impurities.
The numerical ranges of the contents of the

components are set due to the reasons provided below. In

the following description, the content of each component 1is

given in wt% unless otherwise specified.

Carbon (C): 0.05% to 1.30%

Carbon (C) 1is known as a potent element stabilizing
austenite, thereby guaranteeing the strength of a metal
welding workpiece and the 1impact toughness of the metal

welding workpiece at extremely low temperatures. In

Page 3
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addition, carbon (C) is an interstitial element 1ncreasing

the vyield strength of a metal. If the content of carbon

(C) is less than 0.05%, the strength of the welded joint 1s

decreased. In this case, the content of a substitute
alloying element may be increased. On the contrary, 1f the
content of carbon (C) 1is greater than 1.30%, carbon (C)
combines with alloying elements manganese (Mn) or chromilium
(Cr) to form carbides such as MC or My3Cq, thereby

decreasing the low temperature 1mpact toughness of the

welded Jjoint and causing the formation of cracks 1in the

welded joint.

Silicon (Si): 0.2% to 1.8%

If the content of silicon (S1) is less than 0.2%, a

metal welding workpiece may not be sufficlently deoxidized,

and the fluidity of the metal welding workplece may be

decreased when the metal welding workplece 1s melted. On

H

the contrary, 1if the content of silicon (Si) 1s greater

than 1.8%, segregation may occur 1in the metal welding

workpiece, causing cracks 1n the welded joint.

Manganese (Mn): 0.4% to 23%

Manganese (Mn) is a main element 1nducing the

F

formation of austenite which 1s a stable phase at low

-t
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temperature. manganese (Mn) 1s relatively 1nexpensive, as

compared to nickel (Ni). If the content of manganese (Mn)

is less than 0.4%, austenite 1s not sufficiently formed,

thereby markedly lowering the toughness of the welded joint
at extremely low temperatures. In contrast, 1f the content
of manganese (Mn) 1s greater than 23%, problems such as

excessive segregation, cracking at high temperatures, and

the generation of harmful fumes may occur.

Chromium (Cr): 0.01% to 12%

Chromium (Cr) 1s a ferrite stabilizing element. In

addition, 1f a certain amount of chromium (Cr) 1s added,

F
—

the content of an austenite stabilizing element may be

reduced. Furthermore, chromium (Cr) functions as an
element improving corrosion resistance and strength.

Although chromium (Cr) 1is added in a small amount of 0.0l

F

wt% or more, the effect of 1increasing strength and

I

corrosion resistance 1is obtained. However, 1f the content

of chromium (Cr) is greater than 12%, Cr-based carbides are

excessively formed, causing a decrease in the extremely low

temperature toughness of the welded joint.

Nickel (Ni): 23% to 49%

Although nickel (Ni) 1is necessary as an austenite

Page 10
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stabilizing element, since nickel (N1) is highly expensive,

it may be preferable that the content of nickel (N1i) be
within the range of 23% to 49%. Although nickel (N1)

increases the extremely low temperature i1mpact toughness of

the welded jolint, nickel (N1) decreases the room

temperature yield strength of the welded joint. Therefore,

the content of nickel (Ni1i) 1s properly adjusted to be

within the range of 23% to 49%.

At least one selected from molybdenum (Mo), cobalt

(Co), and tungsten (W): 0.01l% to 10%

Even when molybdenum (Mo), cobalt (Co), and tungsten

(W) are added in a small amount of 0.01% or more, the yield

strength and tensile strength of a base metal are 1mproved.

—

However, 1f the total content of one or more of molybdenum

(Mo), cobalt (Co), and tungsten (W) 1s greater than 105%,

the formation of carbides thereof 1s facilitated, thereby

decreasing the extremely low temperature toughness of the

welded 7joint.

Aluminum (Al): 0.2% or less
Aluminum (Al) reduces strength and increases stacking

fault energy (SFE), thereby guaranteeing low temperature

toughness of the welded joint. However, 1f the content of

Page ll
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aluminum (Al) is greater than 0.2%, oxides are excessively
formed, and thus the extremely low temperature impact

toughness of the welded jolnt 1s lowered.

Titanium (T1): 0.9% or less
Titanium  (T1) increases the vyield strength and
tensile strength of the welded joint. However, 1f the

content of titanium (Ti) 1s greater than 0.9%, cracks may

be formed in the welded joint.

At least one selected from niobium (Nb) and wvanadium

(V) : 0.9% or less
Niobium (Nb) and wvanadium (V) are elements increasing

the room temperature strength of the welded joint. However,

1if the total content of one or more of niobium (Nb) and
vanadium (V) 1s greater than 0.9%, cracks may be formed 1in
the welded joint. Therefore, the content thereof may be

preferably 0.9 wt% or less.

At least one selected from sulfur (S) and phosphorus
(P): 0.035% or less

Sulfur (S) and phosphorus (P) are typical elements

causing high temperature cracking. Therefore, 1t 1s

necessary to adjust the contents of sulfur (S) and

Pagel2
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prhosphorus (P) to be low. Although sulfur (S) and

phosphorus (P) are 1nevitably included, 1t 1s necessary to

P

control the total content of sulfur (S) and phosphorus (P)

to be 0.035% or less.

In addition to the above-described essential

components, the welded joint of the present disclosure may

further 1include at least one selected from nitrogen (N):

0.001 wt% to 0.6 wt% and boron (B): 0.0001 wt% to 0.008 wt%.

Nitrogen (N): 0.001% to 0.6%

Nitrogen (N) 1ncreases the strength of the welded

F

joint and has the same characteristics as those of carbon

(C). If the content of nitrogen (N) 1s greater than 0.6%,

volds may be formed in the welded joint. Therefore, it 1s

"
p—

necessary to maintaln the content of nitrogen (N) at 0.06%

or less. Moreover, 1f the content of nitrogen (N) 1in the
welded Jjoint 1s 0.75% or more, nitrides are excessively
formed, and thus the impact toughness of the welded joint

1s lowered.

Boron (B): 0.0001% to 0.008%

Boron (B) i1s an 1interstitial strength enhancing

element, and even though boron (B) 1s added to the welded

joint in small amounts, the yield strength and tensile

Page 13



CA 02890476 2015-05-01

strength of the welded joint may be 1ncreased. However, 1f

boron (B) 1s added 1n large amounts, the welded joint may

crack. Therefore, the content of boron (B) 1s adjusted to
be 0.008% or less.

In the present disclosure, the other component of the
welded Joint 1s 1ron (Fe). However, 1mpurities 1n raw
materials or manufacturing environments may be 1nevitably
included in the welded Jjoint, and such 1mpurities may not
be removed. Such 1mpuritilies are well-known to those ot

ordinary skill 1n manufacturing 1industries, and thus

descriptions thereof will not be given 1n the present

disclosure.

—

The welded joint of the present disclosure 1ncludes

the above-described components, and at least one selected
from molybdenum (Mo), cobalt (Co), and tungsten (W)
(hereinafter also referred to as "Mo+W+Co'"), at least one

selected from niobium (Nb) and wvanadium (V) (hereinafter

also referred as "Nb+V"), and nickel (Ni), chromium (Cr),

aluminum (Al), and titanium (T1) 1ncluded 1n the welded

Jjoint may satisfy the following formulas.

(Formula 1) 1.5Ni1 - 8Cr - 2.5 (MotW+Co) - 20A1 - 2971

- 55(Nb+V) = 0

If Formula 1 1s satisfied, the 1mpact toughness of

the welded joint may be 27 J or greater at an extremely low
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temperature of -196°C.

Furthermore, 1in the welded joint of the present
disclosure including the above-described components, C, Mn,
Cr, Ni, Mo+Co+W, Ti, and Nb+V may satisfy Formula 2 below.

(Formula 2) 98.5C - 1.08Mn + 9.73Cr - 1.52N1 +

Y

10.3 (Mo+W+Co) + 122T1 + 34.7 (Nb+V) 0

If Formula 2 1s satisfied, the yield strength of the
welded joint may be 360 MPa or greater at room temperature.

Furthermore, 1n the welded Jolnt of the present
disclosure including the above-described components, Si, Al,

and Ti may satisfy Formula 3 below.

(Formula 3) Si+Al+Ti = 2.0

If Si+Al+Ti > 2.0, cracks may be formed in the welded

jolint. Therefore, the welded Joint 1s controlled to

satisfy Formula 3.

In other words, according to technical effects of the

h—

present disclosure, the welded Jjoint has an 1mpact
toughness of 27 J or greater at an extremely low

temperature of -196°C and a yield strength of 360 MPa at

room temperature.

Next, a flux cored arc welding material of the

present disclosure for forming a welded joint will be

described in detail.
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The flux cored arc welding material of the present
disclosure 1s a composite welding wire having a dual
structure formed by a core and an outer sheath. The core
includes an alloy and flux powder, and the outer sheath

covers the outer surface of the core.

In detail, the outer sheath covering the core has a

single structure formed of an 1ron (Fe)-based strip

e

containing nickel (Ni1) 1in an amount of 35 wt% to 460 wt%.

The flux cored arc welding material for FCAW of the

present disclosure 1includes, by wt%, carbon (C): 0.05% to
1.30%, silicon (Si): 0.2% to 1.8%, manganese (Mn): 0.5% to

25%, at least one selected from phosphorus (P) and sulfur
(S): less than 0.031%, nickel (N1i): 25% to 50%, aluminum

(Al): 1.5% or less, Ti0,: 3.5% to 15%, at least one

selected from potassium (K), sodium (Na), and lithium (L1):
0.01% to 1.3%, titanium (T1i): 2.4% or less, at least one
selected from molybdenum (Mo), tungsten (W), and cobalt

(Co): 0.001% to 10%, and the balance of 1ron (Fe) and

inevitable impurities.

« 1
R

The numerical ranges  O: the contents of the

components are set due to the reasons provided below.

Carbon (C): 0.05 wt% to 1.30 wtH

Carbon (C) is known as a potent element stabilizing

Pagelo
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austenite, thereby guaranteeing the strength of a metal
welding workpiliece and the 1mpact toughness of the metal

welding workpliece at extremely low temperatures. Thus,

carbon (C) is an essential element of the welding material

of the present disclosure. However, since the welding wilre

receijives a sufficient amount of carbon (C) from flux even

though the welding wire has a low carbon content, it 1s

fr—

sufficient that the lower limit of the carbon content 1s

0.0 wt%. However, 1f the content of carbon (C) 1s 1less

than 0.05% wt%, austenite 1s not formed at extremely low

temperatures, thereby causing a decrease 1n toughness. In

contrast, 1f the content of carbon (C) 1s greater than 1.30
wt%, carbon dioxide gas may be generated to cause defects

in a welded IJjoint during welding, and carbon (C) may

combine with alloying elements such as manganese (Mn) and

chromium (Cr) to form carbides such as MC and M;3Cg¢ that

lower the impact toughness of the welded joint. Therefore,

it may be preferable that the content of carbon (C) be

within the range of 0.05 wt%s to 1.30 wt5%.

Silicon (Si): 0.2 wts to 1.8 wts

If the content of silicon (S1i) 1s less than 0.2 wts,

a metal welding workpiece may not be sufficiently

deoxidized, and the fluidity of the metal welding workpiece
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may be lowered when the metal welding workplece 1s melted.

In contrast, 1f the content of silicon (S1) 1s greater than

1.8 wt%, segregation may occur 1n the metal welding
workpiece, causing a decrease 1n low temperature 1mpact

toughness and worsening welding <c¢rack susceptibility.

Therefore, i1t may be preferable that the content of silicon

(S1) be within the range of 0.3 wts to 1.8 wts.

Manganese (Mn): 0.5 wts to 25 wts
Manganese (Mn) 1s a maln element 1nducing the
formation of austenite which 1s a stable phase at 1low

temperature. Thus, manganese (Mn) 1s an essential element

'}

in the welding material of the ©present disclosure.

Manganese (Mn) 1s relatively 1nexpensive, as compared to

-
|

nickel (Ni). If the content of manganese (Mn) 1s less than
0.5%, austenite 1s not sufficiently formed, thereby
markedly lowering the toughness of a welded joint at

F

extremely low temperatures. In contrast, 1f the content of

manganese (Mn) 1s greater than 23%, problems such as

excessive segregation, cracking at high temperatures, and

the generation of harmful fumes may occur. Therefore, 1it

g
—

may be preferable that the content of manganese (Mn) be

F

within the range of 0.5 wt% to 25 wts.
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At least one selected from sulfur (P) and phosphorus

(S): 0.031 wt% or less

Sulfur (P) and phosphorus (S) segregate 1n a finally

solidified portion after welding. Sulfur (P) and

phosphorus (S) form a compound having a low melting point,
and due to welding stress, cracks may be formed 1n a
portion where the compound is formed. Therefore, 1t may be
preferable that the total content of sulfur (P) and

phosphorus (S) be 0.031 wt% or less.

Nickel (Ni): 25 wt% to 50 wt%

In the present disclosure, nickel (N1) 1S an

essential element stabilizing austenite. Preferably, the

content of nickel (Ni1i) is adjusted to be 25 wt% or more for

guaranteeing extremely low temperature toughness, but 1s

"

adjusted to Dbe 50 wt% or less 1n consideration of

manufacturing costs. That 1s, 1t may be preferable that

the content of nickel (Ni) be within the range of 25 wts to

50 wt%.

Aluminum (Al): 1.5 wt% or less

Aluminum (Al) reduces strength and increases stacking

fault enerqgy (SFE), thereby guaranteeing the low

temperature toughness of the welding material. However, 1f
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the content of aluminum (Al) 1s greater than 1.5 wts%, Ti0;
formed in a welded joint may be reduced to form Ti(C,N),
and thus the extremely low temperature impact toughness ot
the welded joint may be greatly reduced. Therefore, 1t may

pr—

be preferable that the content of aluminum (Al) be 1.5 wt%

or less.

TiO, (titanium dioxide): 3.5 wt$s to 15 wt%

TiO, is a slag forming agent that solidifies before a

melted metal welding workpilece solidifies and thus prevents

the melted metal welding workpilece from flowing downward,
thereby enabling all position welding. For obtaining this
effect in the present disclosure, preferably, Ti0, 1s added

P

in an amount of 3.5 wt% or more. However, 1f the content

of TiO, is greater than 15 wt%, the content of oxides 1n a

metal welding workpiece 1s steeply 1ncreased, and thus the

extremely low temperature 1impact toughness of the metal

welding workplece 1s decreased. Therefore, 1t may be

preferable that the content of Ti0; be withlin the range of

3.5 wt% to 15 wt%.

At least one selected from potassium (K), sodium (Na),

and lithium (Li): 0.01 wt% to 1.3 wt%

During welding, these alkali metals may facilitate
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the creation of arcs by lowering the ionization potential

of arcs and may function to stably maintain arcs. These

effects may be obtained when the alkall metals are added 1in
amounts of 0.01 wt% or more. However, 1f the total content

of the alkali metals 1s greater than 1.3 wt%, fumes may be

excessively generated due to a high wvapor pressure. In the

present disclosure, at least one selected from potassium

(K), sodium (Na), and lithium (Li) 1s added, and the effect

P

of the alkali metals has no relationship with the content

ratio of the alkali metals.

Titanium (Ti): 2.4 wt% or less

Preferably, the welding wire of the present

disclosure may have a titanium (T1i) content of 2.4 wt% or

less. Titanium (Ti) 1s a powerful deoxidizer capable of
removing oxides from a metal welding workpiece. However,
1f titanium (Ti) 1s added in excessive amounts, the content
of Ti(C,N) may 1increase, and thus the extremely low

temperature impact toughness of the welding material may be

extremely decreased. Therefore, 1t may be preferable that

the content of aluminum (Al) be 2.4 wt% or less.

At least one selected from molybdenum (Mo), tungsten

(W), and cobalt (Co): 0.001 wts to 10 wt3
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Molybdenum (Mo), tungsten (W), and cobalt (Co) are

elements 1ncreasing the strength of a base metal. In the

present disclosure, preferably, the total content of Mo, W,
and Co 1is 0.001 wt% or more. However, 1f the total content

of Mo, W, and Co 1s greater than 10%, carbides are

excessively formed, decreasing the extremely low

p—

temperature toughness of the welding material. Therefore,

1t may be preferable that the total content of one or more

of Mo, W, and Co be within the range of 0.001 wt% to 10 wt%.

In addition to the above-described essential
components, the welding material of the present disclosure
may further i1nclude, by wts, one or more of chromium (Cr):
0.001% to 10%, at least one selected from niobium (Nb) and
vanadium (V): 0.001% to 1.2%, at least one selected from
S1i0,, Zr0O,, and Al,03: 0.01% to 7.0%, at least one selected

from fluorine (F) and calcium (Ca): 0.01% to 1.0%, and

nitrogen (N): 0.01% to 0.5%. In this case, the welding

material of the present disclosure may provide improved

effects.

Chromium (Cr): 0.001 wt% to 10 wt%

Chromium (Cr) 1s an element stabilizing ferrite and

improving strength and corrosion characteristics. To

P
p—

guarantee these effects, 1t may be preferable that that
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pr—

content of chromium (Cr) be 0.001 wt%. However, 1f the

content of chromium (Cr) 1is greater than 10 wts, chromium-
based carbides are excessively formed, decreasing the
extremely low temperature toughness of the welding material.
Therefore, 1t may be preferable that the content of

chromium (Cr) be within the range of 0.001 wt® to 10 wts.

At least one selected from niobium (Nb) and vanadium
(V) : 0.001 wt% to 1.2 wts

Niobium (Nb) and vanadium (V) are elements 1ncreasing

the strength of a base metal. In the present disclosure,

preferably, the total content of niobium (Nb) and wvanadium
(V) 1is 0.001 wt% or more. However, 1f the total content of
niobium (Nb) and vanadium (V) is greater than 1.2%,
carbides are excessively formed, thereby decreasing the

extremely low temperature toughness of the welding material.

Therefore, 1t may be preferable that the total content of

one or more of niobium (Nb) and vanadium (V) be within the

g

range of 0.001 wt% to 1.2 wt%.

At least one selected from Si0O, (silicon dioxide),

ZrQO, (zirconium dioxide), and Al,03 (aluminum oxide): 0.01

wt% to 7.0 wt%

If the total content of one or more of S10,, Zr0O,, and
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Al1,05 is less than 0.01 wt$%, slag coating, striping of slag,

and arc stability are negatively affected, and thus 1t may

be difficult to perform an all position welding process and

properly form welding beads. In contrast, 1f the total

content of one or more of Si0,, Z2r0O,, and Al;O03 1s greater

than 7.0 wt%, the amount of melted slag may be rapidly

increased, and the viscosity of the slag may also Dbe

increased, thereby negatively affecting an all position

welding process and the formation of welding beads. In

addition, the transfer of components such as silicon (S5S1)

and aluminum (Al) to a deposited metal 1s 1ncreased,
thereby decreasing impact toughness. Therefore, 1t may be

preferable that the total content of one or more of Si10jp,

Zr0,, and Al,03 be within the range of 0.01 wt%s to 7.0 wts.

At least one selected from fluorine (F) and calcium

(Ca): 0.01 wts to 1.0 wt%

Among alkali metal based and alkaline earth metal

-

based

fluorine compounds, fluorine (F) and calcium (Ca) may

be additionally added to the welding wire of the present

P

disclosure to improve the properties of the welding wire.

If a fluorine compound is added to the welding wilire 1n an

amount of 0.01 wt% or more, fluorine (F) 1s present 1n a

high-temperature arc and reacts with hydrogen
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(dehydrogenation reaction), thereby effectively reducing

diffusion hydrogen. However, 1f the content of the

fluorine compound 1s greater than 1.0 wt%, fumes are

-y

excessively generated because of a high vapor pressure, and

the viscosity of slag in a molten pool 1s excessively
decreased to result in unstable welding beads when rutile

type slag containing TiO; as a maln component 1s used

during welding. Therefore, 1t may be preferable that the

Hl

total content of fluorine (F) and calcium (Ca) be within

the range of 0.01 wt% to 1.0 wt5%.

Nitrogen (N): 0.01 wt% to 0.5 wts

P

In addition, if nitrogen (N) 1s additionally added to

the welding wire of the present disclosure, the properties

of the welding wire may be improved. Nitrogen (N) results

in the same effects as carbon (C). In the present

—

disclosure, preferably, the content of nitrogen (N) may be

adjusted to be 0.01 wt% or more. However, 1f the content
of nitrogen (N) 1is greater than 0.5 wt%, nitrildes may Dbe
excessively formed to result in a decrease 1n 1impact

toughness. Therefore, 1t may be preferable that the

P

content of nitrogen (N) be within the range of 0.01 wt% to

0.5 wt%s.

In the present disclosure, the other component of the
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welding material 1s 1iron (Fe). However, i1mpurities 1n raw
materials or manufacturing environments may be 1nevitably
included in the welding materilial, and such 1mpurities may

not be removed. Such i1mpurities are well-known to those of

ordinary skill 1n manufacturing 1i1ndustries, and thus

P

descriptions thereof will not be given 1n the present

disclosure.

The outer sheath of the welding material includes, by

wts, Ni: 35% to 463, other 1mpurities: 0.05% or less, and

the balance of 1ron (Fe). That 1s, the outer sheath 1is

formed of high nickel (N1) steel to increase the content of

nickel (Ni) 1in a welded joint during a welding process.

P

The contents of nickel (Ni) and other 1mpurities 1in the

outer sheath are adjusted to be within the above-mentioned
ranges to guarantee toughness at extremely low temperatures
and decrease defects such as cracks during welding.

The welding material may have a diameter of about 0.9

mm to about 1.6 mm, and when the density of the outer

g

sheath and the density of the core, the weight fraction of

the outer sheath in the welding material may preferably be
within the range of 50% to 90%.
As shown 1n FIG. 1, the outer sheath may have a

single layer structure surrounding the core containing an

alloy.
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Next, a submerged and gas metal arc welding material
of the present disclosure for forming a welded joint will

be described in detail.

The submerged and gas metal arc welding material of

the present disclosure includes, by wts, carbon (C): 0.03%
to 1.20%, silicon (Si): 0.3% to 1.2%, manganese (Mn): 3% to

15%, at least one selected from phosphorus (P) and sulfur

\O

(S): 0.03% or less, nickel (N1i): 25% to 50%, aluminum (Al):

1.5% or less, and the balance of i1iron (Fe) and 1inevitable

impurities.

Lk

The numerical ranges  of the contents of the

components are set due to the reasons provided below.

Carbon (C): 0.05 wt% to 1.20 wt3

Carbon (C) 1s known as a potent element stabilizing

austenite, thereby guaranteeing the strength of a metal

welding workpiece and the 1impact toughness of the metal

workpiece at extremely low temperatures. Thus, carbon (C)

is an essential element of the welding material of the

present disclosure. However, since a welding wilre (the

P

welding material) receives a sufficlent amount of carbon

(C) from flux even though the welding wire has a low carbon

content, 1t 1s sufficient that the 1lower 1limit of the
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carbon content 1s 0.05 wt% or less. However, 1f the
content of carbon (C) 1s less than 0.05 wt%, austenite 1s
not formed at extremely low temperatures, thereby causing a

P
p—

decrease 1n toughness. In contrast, 1f the content of

carbon (C) 1s greater than 1.20 wt%, carbon dioxilide gas may

be generated to cause defects 1n a welded joint during
welding, and carbon (C) may combiline with alloying elements
such as manganese (Mn) and chromium (Cr) to form carbides

such as MC and M;3C¢ that lower the 1impact toughness of the

welded joint. Therefore, 1t may be preferable that the
content of carbon (C) be within the range of 0.05 wt% to

1.20 wt5%.

Silicon (S1): 0.30 wt% to 1.2 wt%

If the content of silicon (Si) 1s less than 0.30 wt%,

g
—

a metal welding workpiece may not be sufficilently

I

—

deoxidilzed, and the fluidity of the metal welding workpiece

may be lowered when the metal welding workpiece 1s melted.

In contrast, 1f the content of silicon (Si) 1s greater than
1.2 wt%, segregation may occur 1n the metal welding

workplece, causing a decrease 1n low temperature impact

toughness and worsening welding crack susceptibility.

Therefore, 1t may be preferable that the content of silicon

1

(S1) be within the range of 0.30 wt% to 1.2 wt%.
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Manganese (Mn): 3 wt% to 10 wt%

Manganese (Mn) 1s a mailin element 1nducing the

formation of austenite which 1s a stable phase at low

temperature. Thus, manganese (Mn) 1s an essential element

F
anad

in the welding material of the present disclosure.

Manganese (Mn) 1s relatively 1inexpensive, as compared to

F

nickel (Ni). If the content of manganese (Mn) 1s less than

3%, austenite 1s not sufficiently formed, thereby markedly

lowering toughness at extremely low temperatures. However,

if the content of manganese (Mn) 1s greater than 15 wts,

segregation may oCCcur excessively, and thus high

temperature cracking may occur. Therefore, 1t may be

preferable that the content of manganese (Mn) be within the

range of 3 wtd to 15 wts.

At least one selected from sulfur (P) and phosphorus

(S): 0.03% or less

Sulfur (P) and phosphorus (S) segregate 1n a finally

solidified ©portion after welding. Sulfur (P) and

phosphorus (S) form a compound having a low melting point,

and due to welding stress, cracks may be formed 1in a

portion in which the compound 1s formed. Therefore, 1t may

be preferable that the total content of sulfur (P) and
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phosphorus (S) be 0.03 wt% or less.

Nickel (Ni1): 25 wt% to 50 wt$

In the present disclosure, nickel (N1) 1S an

essentlial element stabilizing austenite. Preferably, the
content of nickel (N1) 1s adjusted to be 25 wt% or more for
guaranteelng extremely low temperature toughness, but 1is

adjusted to be 50 wt% or less 1n consideration of

manufacturing costs. That 1s, 1t may be preferable that

i

the content of nickel (Ni) be within the range of 25 wt% to

50 wt%.
Aluminum (Al): 1.5 wt% or less

Aluminum (Al) reduces strength and increases stacking

fault enerqgy (SFE), thereby guaranteeing the low

URE

temperature toughness of the welding material. However, 1:
the content of aluminum (Al) 1s greater than 1.5 wt%, when
a welding process 1is performed using flux including TiO,,

TiO; formed 1n a welded Jjoint may be reduced to form

T1(C,N). In this case, the extremely low temperature

impact toughness of the welded jolnt may be greatly reduced.

H
-

Therefore, 1t may be preferable that the content of

aluminum (Al) be 1.5 wt% or less.

In addition to the above-described essential
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components, the welding material of the present disclosure

may further include, by wt%, one or more selected from the

group consisting of chromium (Cr): 0.001% to 6%, at least

one selected from molybdenum (Mo), tungsten (W), and cobalt
(Co): 0.001% to ©%, at least one selected from niobium (Nb)
and vanadium (V): 0.001% to 1.5%, and nitrogen (N): 0.01%

to 0.5%. In this case, the welding material of the present

disclosure may provide 1mproved effects.

Chromium (Cr): 0.001 wt% to 6 wt%
Chromium (Cr) 1s an element stabilizing ferrite and

improving strength and corrosion characteristics. To

B

guarantee these effects, 1t may be preferable that that

content of chromium (Cr) be 0.001 wt%. However, 1f the
content of chromium (Cr) 1s greater than 6%, chromium-based
carbides are excessively formed, decreasing the extremely
low temperature toughness of the welding material.
Therefore, 1t may be preferable that the content of

chromium (Cr) be within the range of 0.001 wts to © wt%.

At least one selected from molybdenum (Mo), tungsten

(W), and cobalt (Co): 0.001 wt® to 6 wts

Molybdenum (Mo), tungsten (W), and cobalt (Co) are

P

elements increasing the strength of a base metal. In the
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present disclosure, preferably, the total content of Mo, W,

and Co is 0.001% or more. However, 1f the total content otf
Mo, W, and Co 1is greater than 6%, carbides are excessively

formed, thereby decreasing the extremely low temperature

toughness of the welding material. Therefore, 1t may be

preferable that the total content of one or more of Mo, W,

and Co be within the range of 0.001 wts to b wts.

At least one selected from niobium (Nb) and wvanadium
(V) : 0.001 wt% to 1.5 wt%

Niobium (Nb) and vanadium (V) are elements 1ncreasing

the strength of a base metal. In the present disclosure,

' lied

preferably, the total content of niobium (Nb) and vanadium

(V) is 0.001 wt% or more. However, 1f the total content of
niobium (Nb) and wvanadium (V) 1s greater than 1.5%,
carbides are excessively formed, thereby decreasing the

extremely low temperature toughness of the welding material.

Therefore, it may be preferable that the total content of
one or more of niobium (Nb) and wvanadium (V) be within the

range of 0.001 wt® to 1.5 wtx.

Nitrogen (N): 0.01 wt% to 0.5 wt3

In addition, if nitrogen (N) 1is additionally added to

the welding wire (welding material) of the present
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disclosure, the properties of the welding wlre may be

lmproved. Nitrogen (N) results 1n the same effects as

carbon (C). In the present disclosure, preferably, the

content of nitrogen (N) may be adjusted to be 0.01 wts or

more. However, 1f the content of nitrogen (N) 1s greater

than 0.5 wt%, nitrides may be excessively formed to result

in a decrease 1n impact toughness. Therefore, 1t may be

preferable that the content of nitrogen (N) be within the
range of 0.01 wts to 0.5 wt5s.

In the present disclosure, the other component of the
welding material 1s 1ron (Fe). However, impurities 1n raw
materials or manufacturing environments may be 1nevitably
included 1n the welding material, and such 1impurities may
not be removed. Such impurities are well-known to those of

ordinary skill 1n manufacturing 1ndustries, and thus

descriptions thereof will not be given 1n the present
disclosure.

An outer sheath of the welding material 1ncludes, by
wt3, Ni: 35% to 46%, other i1mpurities: 0.05% or 1less, and
the balance of 1ron (Fe). That 1s, the outer sheath 1is

F

formed of high nickel (N1i) steel to increase the content of

nickel (Ni1) 1n a welded joint during a welding process.

The contents of nickel (Ni1i) and other 1mpurities 1n the

outer sheath are adjusted to be within the above-mentioned
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ranges to guarantee toughness at extremely low temperatures

and decrease defects such as cracks during welding.

The welding material may have a diameter of about 0.9

mm to about 6.0 mm, and when the density of the outer

sheath and the density of a core of the welding material,

F

the weight fraction of the outer sheath 1n the welding

material may be preferably within the range of 50% to 90%.

As shown 1in FIG. 1, the outer sheath may have a
single layer structure surrounding the core containling an
alloy.

An additional outer sheath may be disposed between

the core and the outer sheath (refer to FIG. Z2) or around

the outer sheath (refer to FIG. 3) to form a dual outer

sheath structure. The additional outer sheath includes, by

wt%, carbon (C): 0.025% or less, manganese (Mn): 0.025% or
less, and the balance of 1ron (Fe) and 1nevitable
impurities.

That i1s, the additional outer sheath 1s formed of low

carbon steel to increase the depth of welding and enhance

the strength of the welding wire (welding material) to make

it easy to move the welding wire 1n a straight line during

welding. If the content of carbon (C) or manganese (Mn) 1s

outside the above-mentioned range, 1t may be difficult to

perform a drawing process when the welding material 1s
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manufactured.

Although the additional outer sheath 1s added as

described above, the composition o0of the entire welding

material 1s not varied. That 1s, the welding material
includes, by wt%, carbon (C): 0.05% to 1.20%, silicon (S1i):
0.35 to 1.2%, manganese (Mn): 3% to 15%, at 1least one
selected from phosphorus (P) and sulfur (S): 0.03% or less,
nickel (Ni1): 25% to 50%, aluminum (Al): 1.5% or less, and
the balance of 1ron (Fe) and 1nevitable 1impurities.

However, 1f necessary, the welding material may further

include one or more selected from the group consisting of

chromium (Cr): 0.001% to ©%, at least one selected from

molybdenum (Mo), tungsten (W), and cobalt (Co): 0.001% to
6%, at least one selected from niobium (Nb) and wvanadium
(V): 0.001% to 1.5%, and nitrogen (N): 0.01% to 0.5%.

The welding material 1ncluding the additional outer

sheath may have a diameter of about 0.9 mm to about 6.0 mm,

and the weight fraction of the entire outer sheath
including the additional outer sheath may be preferably 50%

to 90% of the total welght of the weldling material when the

density difference between the entire outer sheath and the
core 1s considered. Since the <core 1ncludes essential
elements, the welght fraction of the core 1n the entire

welding wire may be 10% to 50%. Therefore, although the
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welding material has a dual outer sheath structure, the

"

weight fraction of the entire outer sheath 1s 50% to 90% of

F

the total weight of the welding material as in the case 1n

which the welding material has a single outer sheath
structure.
Reference numerals used in the accompanying drawlng

are as follows.

11: CORE, 12: OUTER SHEATH (HAVING A HIGH NI CONTENT)

21: CORE, 22: ADDITIONAL OUTER SHEATH (FORMED OF LOW

CARBON STEEL), 23: OUTER SHEATH (HAVING A HIGH NI CONTENT)

31: CORE, 32: ADDITIONAL OUTER SHEATH (FORMED OF LOW

CARBON STE!

L+
L*]

L), 33: OUTER SHEATH (HAVING A HIGH NI CONTENT)

[Mode for Invention]

Hereinafter, the present disclosure will be described

more specifically through examples. However, the examples

are for i1llustrative purposes only and are not intended to

limit the scope of the present 1nvention.
[Example 1]

Welded joints having compositions shown 1n Tables 1

and 2 were formed by different welding methods. In Tables

1 and 2, the content of each component is gilven 1in wts%.
A submerged arc welding (SAW) method, a flux cored
arc welding (FCAW) method, and a gas metal arc welding

(GMAW) method (or a MCW method) were used.
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In the SAW method, welding was performed using Flux

AB (commercial flux) at a heat 1input rate of 2.4 KJ to 3.0

KJ/mm.

In the FCAW method, welding was performed at a heat

g—

input rate of 1.7 KJ/mm under conditions of 100% CO,.

In the GMAW (or MCW) method, welding was performed at
a heat input rate of 1.7 KJ/mm under conditions of 80% Ar +
20% CO,.

Thereafter, the presence of cracks or voids 1in the
welded joints were observed, and the 1mpact toughness of
each welded joint at -196°C and the yield strength of each
welded joint at room temperature were measured. Results of

the observation or measurement are shown in Tables 1 and 2.

In Tables 1 and 2, impact toughness values (CVN@-196°C) are

given 1n joules (J), and yield strength values are given 1in

MPa. In addition, components written using the symbol "+"

1ndicate that at least one selected from the components is

included 1n the welded joints.

[Table 1]
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(Note) CS: Comparative Sample, WM: Welding Method, Fl.:
Formula 1, F2: Formula 2, F3: Formula 3, YS: Yield Strength,

and C&V: Cracks and Voilds

[ Table 2]
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(Note) IS: Inventive Sample, WM: Welding Method, Fl:

Formula 1, F2: Formula 2, F3: Formula 3, and YS: Yield

Strength

Referring to Tables 1 and 2, 1inventive samples

satisfying alloying component contents and formulas of the
present disclosure did not have cracks or volds, and the

impact toughness values of the i1inventive samples were 27 J

or greater at an extremely low temperature of -196°C and

the yield strength values of the inventive samples were 360

MPa or greater at room temperature.

However, comparative samples were 1nferior to the

1inventive samples 1in at least one of the evaluation items:

the presence of cracks or wvoids, 1impact toughness, and

yield strength.

[Example 2]

FFlux cored arc welding materials having compositions

H)

shown 1n Table 3 were prepared. In Table 3, the content of

each component 1s given 1n wt$.

Inventlve samples and comparative samples having the
same outer sheath structure and composition but different
welding material compositions were prepared. The outer

sheath of each welding material 1ncludes, by wt$%, nickel
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(N1): 35% to 46%, other impurities: 0.05% or less, and the

balance of i1ron (Fe).

A FCAW process was performed wusing each welding

material.

In the FCAW process, weldling was performed at a heat

input rate of 1.7 KJ/mm under conditions of 100% CO,. A

FCAW wire having a diameter of 1.2 mm was used.

Thereafter, weldability, the presence of cracks or
voids in welded Jjoints, impact toughness at -196°C, and
yield strength at zroom temperature were observed or
measured, and results of the observation or measurement are
shown 1n Table 1. In Table 3, 1mpact toughness wvalues

(CVN) are given 1n 7Joules (J), and yield strength wvalues

are given 1n MPa. In addition, components written using

the symbol "+" 1ndicate that at least one selected from the

components 1s 1ncluded 1n the samples.

[ Table 3]
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Referring to Table 1, the inventive samples having

alloying components according to the present disclosure had

good weldability and did not have cracks or voids, and the

ﬁ

impact toughness values of the 1nventive samples were 27 J

gr—

or greater at an extremely low temperature of -196°C and

the yield strength values of the inventive samples were 360

MPa or greater at room temperature.

However, the comparative samples were 1inferior to the

inventive samples 1n at least one of the evaluation items:

weldability, the presence of c¢racks or voids, 1impact

toughness, and vyield strength. The comparative samples

were determined as not being suitable as a welding material.

[Example 3]

Submerged and gas metal arc welding materials having

compositions shown 1n Table 4 were prepared. In Table 4,

the content of each component 1s given in wt%.

Inventive samples and comparative samples having the
same outer sheath structure and composition but different

welding material compositions were prepared.

Comparative samples 3-1, 3-3, and 3-4, Inventive
samples 3-1, 3-3, 3-4, 3-5, 3-6, 3-7, and 3-9 each had a

single outer sheath structure formed by a high Ni steel
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outer sheath. The high N1 steel outer sheath had, by wt5,
nickel (Ni): 35% to 46%, other impurities: 0.05% or less,
and the balance of iron (Fe). Comparative sample 3-2 and

Inventive samples 3-2 and 3-8 each had a dual outer sheath

structure formed by a high Ni steel outer sheath and a low
carbon steel outer sheath. The high Ni steel outer sheath
had, by wt%, nickel (Ni): 35% to 46%, other 1mpurities:
0.05% or 1less, and the balance of 1ron (Fe). The low
carbon steel outer sheath had, by wt%, carbon (C): 0.025%
or less, manganese (Mn): 0.025% or less, and the balance ot
iron (Fe) and i1nevitable 1mpurities.

SAW and GMAW processes were performed using each

welding material.

In the SAW process, welding was performed at a heat

input rate of 2.4 KJ/mm to 3.0 KJ/mm. A SAW wire having a

diameter of 4.0 mm was used.

In the GMAW process, welding was performed at a heat

-
p—

input rate of 1.7 KJ/mm under conditions of 80% Ar + 20%

CO;. A GMAW wire having a diameter of 1.2 mm was used.

ﬁ

Thereafter, the presence of cracks or voids 1n welded

joints, impact toughness at -196°C, and yield strength were
observed or measured, and results of the observation or
measurement are shown 1n Table 4. In table 4, 1mpact

toughness wvalues (CVN) are given 1in joules (J), and yield

Page 45



CA 02890476 2015-05-01

strength values are given 1n MPa. In addition, components
written using the symbol "+" indicate that at least one

selected from the components 1s i1ncluded 1n the samples.

| Table 4]
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Referring to Table 4, the 1nventive samples having
alloying components according to the present disclosure had
good weldability and did not have cracks or voids, and the
impact toughness values of the inventive samples were 27 J

g

or greater at an extremely low temperature of -196°C and

the yield strength values of the inventive samples were 360

MPa or greater at room tTemperature.

However, the comparative samples were inferior to the
inventive sample 1n at least one selected of the evaluation
ltems: the presence of cracks or voids, 1impact toughness,
and yield strength. The comparative samples were

determined as not beilng suitable as a welding material.
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[craims)

[claim 1]

A welded jolnt of extremely low temperature steel, the

welded joint comprising, by wt%, carbon (C): 0.05% to 1.30%,

silicon (Si): 0.2% to 1.8%, manganese (Mn): 0.4% to 23%,
chromium (Cr): 0.01% or more to less than 12%, nickel (Ni):

235 to 49%, at least one selected from molybdenum (Mo),
cobalt (Co), and tungsten (W): 0.01% to 10%, aluminum (Al):

0.2% or 1less, and excluding 0%, titanium (Ti): 0.9% or less,

and excluding 0%, at least one selected from niobium (Nb)

and vanadium (V): 0.9% or 1less, and excluding 0%, at least
one selected from sulfur (S) and phosphorus (P): 0.035% or

p

less, and excluding 0%, and the balance of 1ron (Fe) and

lnevitable 1mpurities.

[ciaim 2]

F

The welded joint of claim 1, further comprising, by wt3,

—

one or more of nitrogen (N): 0.001% to 0.6% and boron (B):

0.0001% to 0.008%.

[claim 3]

The welded joint of claim 1 or 2, wherein the at least
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one selected from molybdenum (Mo), cobalt (Co), and tungsten
(W) (expressed as "Mot+W+Co"), the at least one selected from
niobium (Nb) and wvanadium (V) (expressed as "Nb+V"), and the
nickel (Ni), chromium (Cr), aluminum (Al), and titanium (Ti)

satisfy Formula 1 below:

(Formula 1) 1.5N1 - 8Cr - 2.5 (Mo+W+Co) - 20A1 - 2971 -

05 (Nb+V) 2 O

[Claim 4]

The welded joint of claim 1 or 2, wherein the at least

one selected from molybdenum (Mo), cobalt (Co), and tungsten
(W) (expressed as "Mo+W+Co"), the at least one selected from
niobium (Nb) and vanadium (V) (expressed as "Nb+V"), and the
nickel (Ni), chromium (Cr), aluminum (Al), and titanium (T1)

satisfy Formula 2 below:

(Formula 2) 98.5C - 1.08Mn + 9.73Cr - 1.52Ni +

10.3 (Mo+W+Co) + 122Ti + 34.7 (Nb+V) 2 0

[claim 5]

The welded joint of claim 1 or 2, wherein the silicon (S1i),

aluminum (Al), and titanium (T1i) satisfy Formula 3 below:

IN

(Formula 3) Si1+A1+T1 2.0
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[claim 6]

The welded joint of claim 1 or 2, wherein the welded

jolnt has an impact toughness of 27 J or greater at an

F

extremely low temperature of -196°C.

(Claim 7]

The welded joint of claim 1 or 2, wherein the welded
joint has a vyield strength of 360 MPa or greater at room

temperature.
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[DRAWINGS]

[Figure 1]

[Figure 2]
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