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(57) Abstract: The present invention relates to a welding joint having remarkable impact resistance and abrasion resistance. One
embodiment of the present invention provides a welding joint having remarkable impact resistance and abrasion resistance, compris -
mmg 0.02-0.75 wt% of C, 0.2-1.2 wt% of S1, 15-27 wt% of Mn, 2-7 wt% of Cr, 0.025 wt% or less of S, 0.025 wt% or less of P, 0.001-
0.4 wt% of N, and the balance of Fe and other inevitable impurities, and having a stacking-fault energy of 15-40 mJ/m* at 20°C. Ac-
cording to the present invention, provided 1s a welding joint having remarkable low temperature impact toughness and abrasion res -
1stance, and thus provided 1s a welding joint very pretferably applied to a slurry pipe and the like used m the o1l sand industry field

related to oil production.
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[DESCRIPTION]

[Invention Titlel
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[Technical Field]

The present disclosure relates to a welding joint

having high 1mpact resistance and abrasion resilistance.

[Rackground Art]

Recent high o011l price have increased 1nterest 1in
methods o©of ©producing o0il at low cost. Accordingly,
techniques for separating crude 01l 1n massive amounts have

been developed, and there i1s 1increasing lnterest 1n the o1l

sands 1ndustry. The term "oil sands" was orilgilnally used to

refer to sand or sandstone containing crude o1l and 1s now
used to refer to all kinds of rock such as sedimentary rock
that exist in o1l reservolrs and contain crude oil. 01l
production methods of extracting crude o1l from o1l sands
are relatively new methods, as compared to existing o1l
productlion methods of extracting crude o1l from o1l wells,
and are expected to undergo further development to reduce
production costs.

However, 01l sands generally contain large amounts of
impurities together with crude oi1il. Therefore, an 1impurity

removing process 1s performed when extracting crude o1l
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from 01l sands. After mining o0il sands, the o1l sands are
transferred a certain distance to separation eqgquipment so

as to extract crude o011l from the o0il sands, and then

separation pilpes are used to separate 1mpurities and crude

o1l from the o0il sands. In the separation pilpes, crude oil
and 1mpurities (such as rock, gravel, and sand) are rotated

using water to allow crude oil floating on the water to be

collected. Basically, such pilipes are requlired to have a

high degree o0of strength. In addition, such pilpes are
required to have i1mpact resistance and abrasion resistance,
because rock and gravel contained 1n the pilpes i1mpact the
interior surfaces of pipes, and are required to have impact
toughness to withstand low-temperature environments, for
example, environments 1in which temperatures can fall to -
29°C. Particularly, welding jolints are strictly reguired to
have such properties because welding jolints are weaker than

base metals. The physical properties of base metals may be
adjusted through processes such as heat treatment processes,

rolling processes, or controlled cooling processes so that

the base metals may have the highest abrasion resistance

and 1mpact toughness obtainable from the compositions of
the base metals. However, welding joints are mainly formed
of welding materials and have internal structures similar

to that formed by a casting process. Thus, 1t may be
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difficult to impart desired physical properties to welding
jolnts.

Currently, pipes widely used for mining o1l sands are

API Xe6b, X70, etc. However, welding joints formed on API
X65 and X70 pilipes have low 1mpact toughness and abrasion
resistance. Thus, the development of welding joints for

replacing such welding jolnts 1s required.

[Disclosurel

[Technical Problem]

An aspect of the present disclosure may provide a
welding Jjoint having a high degree of low-temperature
impact toughness and a high degree of abrasion resistance.

[Technical Solutionl]

One embodiment of the present 1nvention provides a
welding jJoint having remarkable 1mpact resistance and
abrasion reslstance, comprising 0.02-0.75 wt% of C, 0.2-1.2
wt%s of Si1, 15-27 wt% of Mn, 2-7 wt% of Cr, 0.025 wt% or
less of &, 0.025 wt% or less of P, 0.001-0.4 wts of N, and
the Dbalance of Fe and other 1inevitable impurities, and

having a stacking-fault energy of 15-40 mJ/m” at 20°C.

[Advantageous Effects]

Embodiments of the present disclosure provide a
welding joint having a high degree of low-temperature

1mpact toughness and a high degree of abrasion resistance.
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Thus, the welding Jjoint may be usefully used for
manufacturing parts such as slurry pipes used in the o1l

sands 1ndustry to produce o1l.

[Best Model

The inventors have conducted research 1nto developing
technigues for forming welding joints having high degrees
of low-temperature impact toughness and abrasion resistance

on high-manganese o0il sands separation pipes designed to,

for example, extract crude o1l from o1l sands. During the
research, the inventors have found that 1f alloying
elements and stacking fault energy are properly controlled,
the above-described properties can be guaranteed, and based
on this knowledge the 1inventors have 1invented the present

invention

Alloying elements will now be described according to

an exemplary embodiment of the present disclosure.

C: 0.02 wt%s to 0.75 wt%

Carbon (C) guarantees the strength and hardenability

of welding Jjoints and facilitates stable formation of

austenite that imparts low-temperature impact toughness to
welding joints. However, if the content of carbon (C) 1s
less than 0.02 wt%, the strength of welding joints and

stable formation of austenite are not guaranteed, and thus
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low-temperature 1impact toughness 1s not obtained. The
strength of welding joints 1ncreases 1n proportion to the
content of carbon (C). However, 1f the content of carbon

(C) 1s greater than 0.75 wt%, stacking fault energy

increases, and thus slippage occurs 1nstead of twinning

during ©plastic deformation. In this case, abrasion
resistance decreases. Therefore, 1t may be preferable that
the content of carbon (C) be within the range of 0.02 wt%

to 0.75 wt%.

Si: 0.2 wt% to 1.2 wt¥%
Silicon (Si1) functions as a deoxldilizer and 1mproves

weldabllility by 1ncreasing the spreadability of molten metal

during welding. In addition, silicon (S1) 1mproves strength

by solid-solution strengthening. To obtain the above-
mentioned effects, 1t may be preferable that the content of

si1licon (S1) be within the range of 0.2 wt% or greater.

However, 1f the content of silicon (S1) 1s greater than 1.2

wt%, the low-temperature impact toughness of welding joints
may decrease, for example, due to the occurrence of
segregation 1n the welding 7joints. Therefore, 1t may be
preferable that the content of silicon (Si1) be within the

range of 0.2 wt% to 1.2 wtxs.
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Mn: 15 wt% to 27 wts

Manganese (Mn) 1ncreases WOTrk hardening and
guarantees stable formation of austenite even at a low
temperature. Thus, the addition of manganese (Mn) may be

needed. In addition, manganese (Mn) forms carbides together

with carbon (C) and functions as an austenlite stabilizing

element like nickel (N1i). If the content of manganese (Mn)
1s less than 15 wt%, austenite may not be sufficiently
formed, and thus low-temperature 1mpact toughness may
decrease. Conversely, 1f the content of manganese (Mn) 1s
greater than 27 wt%, large amounts of fumes may Dbe
generated during welding, and abrasion reslistance may
decrease because slippage occurs 1nstead of twining during
plastic deformation. Therefore, 1t may be preferable that

the content of silicon (S1) be within the range of 15 wt%

Lo 27 wtx.

Cr: 2 wt% to 7 wt%

Chromium (Cr) 1s a ferrite stabilizing element, and

the addition of chromium (Cr) enables decreasing the

amounts of austenite stabilizing elements. In addition,
chromium (Cr) facilitates the formation of carbides such as
MC or M,;C¢. That 1s, 1f a certain amount of chromium (Cr)

1s added, precipiltation hardening may be promoted, and the
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amounts of austenite stabilizing elements may be reduced.

Thus, the addition of a certain amount of chromium (Cr) may

be needed. In addition, since chromium (Cr) 1s a powerful

antili-oxidation element, the addition of chromium (Cr) may

increase reslstance to oxidatlion 1n an oxygen atmosphere.

If the content of chromium (Cr) 1s less than 2 wt%, the
formation of carbides such as MC or M,3C¢ 1in welding joints
may be suppressed, thereby decreasing abrasion resistance
and 1ncreasing abrasion. Conversely, 1f the content of
chromium (Cr) 1s greater than 7 wt%, manufacturing costs
may 1ncrease, and abrasion resistance may steeply decrease.
Therefore, 1t may be preferable that the content of

chromium (Cr) be within the range of 2 wt% to 7 wt%.

S: 0.025 wts or less

Sulfur (S) 1s an 1mpurity causing high-temperature
cracking together with phosphorus (P), and thus 1t may be
preferable that the content of sulfur (S) be adjusted to be
as low as possible. Particularly, 1f the content of sulfur
(S) 1s greater than 0.025 wt%, compounds having a low
melting point such as FeS are formed, and thus high-
temperature cracking may be induced. Therefore, preferably,
the content of sulfur (S) may be adjusted to 0.025 wt% or

less, so as to prevent high-temperature cracking.
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P: 0.025 wt% or less

Phosphorous (P) is an impurity causing high-
temperature cracking, and thus 1t may be preferable that
the content of phosphorus (P) be adjusted to be as low as
possible. Preferably, the content of phosphorus (P) may be
adjusted to be 0.025 wt% or less, so as to prevent high-

temperature cracking.

N: 0.001 wts to 0.4 wtx
Nitrogen (N) improves corrosion resistance  and

stabililizes austenite. That 1s, the addition of nitrogen (N)

leads to an effect similar to the effect obtainable by the

addition of carbon (C). Therefore, nitrogen (N) may be

added as a substitute for carbon (C). In addition, nitrogen
(N) may combine with other alloying elements and form
nitrides which may particularly improve abrasion reslstance.
To obtalin the above-described effects, 1t may be preferable
that the content of nitrogen (N) be 0.001 wt% or greater.
However, 1f the content of nitrogen (N) 18 greater than 0.4
wt%, impact toughness may markedly decrease. Therefore, 1t
may be preferable that the content of nitrogen (N) be

within the range of 0.001 wt% to 0.4 wt% or less.

Page 8



CA 02930363 2016-05-11

According to an exemplary embodiment of the present
disclosure, a welding joint may include the above-described
alloying elements and the balance of 1ron (Fe) and
impurities inevitably added during manufacturing processes.
Owing to the above-described alloying elements, the welding

joint of the exemplary embodiment may have high 1mpact

resistance and abrasion resistance. In addition to the
above-described alloying elements, the welding joint of the

exemplary embodiment may further include the following

alloying elements. In this case, the properties of the

welding jolnt may be further improved.

N1i: 10 wt% or less

Nickel (N1) forms austenite by solid-solution
strengthening and thus 1mproves low-temperature toughness.
Nickel (Ni) increases the toughness of welding joints by

facilitating the formation of austenite, and thus welding

jolints having high hardness wmay not undergo brittle

fracture. If the content of nickel (N1) 1s greater than 10
wt%, although toughness markedly 1ncreases, abrasion

resistance markedly decreases because of an 1ncrease 1n

stacking fault energy. In addition, since nickel (N1) 1s
expensive, the addition of a large amount of nickel (N1) 1s

not preferred in terms of economical aspects. Therefore, 1t
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may be preferable that the content of nickel (Ni) be within

the range of 10 wt% or less.

V: 5 wts or less
Vanadium (V) dissolves 1n steel and retards the

transformation of ferrite and bainite, thereby promoting

the formation of martensite. In addition, vanadium (V)
promotes solid-solution strengthening and precipitation
strengthening. However, the addition of an excessively
large amount of wvanadium (V) does not further increase the
above-described effects but decreases toughness and

weldability and increases manufacturing costs. Therefore,

the content of vanadium (V) may preferably be 5 wt% or less.

Nb: 5 wts or less

Niobium (Nb) may 1increase the strength of welding
joints by precipitation  strengthening. However, the
addition of an excessively large amount of vanadium (V), as
well as 1ncreasing manufacturing costs, may cause the
formation of coarse preciplitates and may thus decrease

abrasion resistance. Thus, the content of niobium (Nb) may

preferably be 5 wt% or less.

Mo: 7 wt%s oOr less
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Molybdenum (Mo) may 1increase the strength of welding
joints by matrix solid-solution strengthening. Furthermore,
like niobium (Nb) and vanadium (V), molybdenum (Mo)
promotes precilpltation strengthening. However, the addition
of an excessively large amount of molybdenum (Mo) does not

further 1ncrease the above-described effects but worsens

toughness and weldability and 1ncreases steel manufacturiﬁg
costs. Therefore, 1t may be preferable that the content of

molybdenum (Mo) be within the range of 7 wt% or less.

W: 6 wts or less

Tungsten (W) may 1ncrease the strength of welding
joints by matrix solid-solution strengthening. Furthermore,
like niobium (Nb), vanadium (V), and molybdenum (Mo),
tungsten (W) promotes precipilitation strengthening. However,
the addition of an excessively large amount of tungsten (W)
does not further increase the above-described effects but
worsens toughness and weldability and 1ncreases steel
manufacturing costs. Therefore, 1t may be preferable that

the content of tungsten (W) be within the range of 6 wt% or

less.

Cu: 2 wt%s or less

Copper (Cu) promotes the formation of austenite and
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improves the strength of welding joints. However, 1f the
content of copper (Cu) 1s greater than 2 wts, Dblue
embrittlement may occur, and price competlveness may
decrease. Therefore, 1t may be preferable that the content

of copper (Cu) be within the range of 2 wts or less.

B: 0.01 wt%% or less

Even a small amount of boron (B) 1ncreases strength

by sold-solution strengthening and thus improves abrasion

resistance. However, if the content of boron (B) 1s greater

than 0.01 wt%, impact toughness may markedly decrease. Thus,

the content of boron (B) may preferably be 0.01 wt% or less.

According to the exemplary embodiment, 1t may be

preferable that the stacking fault energy of the welding

joint be within the range of 15 J/m2 to 40 mJd/m’ at 20°C.

If the stacking fault energy of the welding joint 1s
adjusted as described above, the mechanlism of plastic
deformation of the welding joint caused by external stress
changes from dislocation slippage to twining, thereby
guaranteeing a high degree of abrasion resistance and a
high degree of impact toughness. As the stacking fault

energy of the welding Jjoint approaches 15 mJ/m?, the

formation of e-martensite having a hexagonal close-packed
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(HCP) structure 1is facilitated. Such twinnling and ¢€-
martensite markedly improve the abrasion resistance and
impact toughness of the welding Joint. Although ¢-
martensite markedly increases abrasion resilistance, €-
martensite decreases 1impact toughness. Therefore, the

fraction of e-martensite in the welding joilnt 1s properly

adjusted. If the stacking fault energy of the welding joint

is less than 15 wmJ/m?, ¢-martensite 1s formed in the

welding joint in an amount of 80% or greater. In this case,

the low-temperature impact toughness of the welding joilnt

is very low. Conversely, 1if the stacking fault energy of
the welding joint is greater than 40 mJ/m®, the mechanism
of plastic deformation of the welding Jjoint caused Dby
external stress changes from twinning to dislocation
slippage, and thus the abrasion resistance of the welding
joint decreases. Therefore, it may be preferable that the
stacking fault energy of the welding joint be within the
range of 15 mJ/m° to 40 mJ/m’. Stacking fault energy may be
measured using various methods or formulas. For example,
stacking fault energy may be measured by a simple method of
using a commercial program, JmatPro Ver 7.0.

The welding joint of the exemplary embodiment may
have a high degree of weldability and a low-temperature

impact toughness of 27 J or higher at -29°C, that 1s, a
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high degree of impact resistance. When compared to API-X70
steel of the related art used 1in the 01l sands 1ndustry,
the welding Jjoint of the exemplary embodiment may have
relatively high abrasion reslstance, for example, an
abrasion ratio of 70% or less in an abrasion test according
to American Society for Testing and Materials (ASTM) G65.
Therefore, the welding joint may be usefully used for parts

such as slurry pipes in the o1l sands 1industry.

[Mode for Invention]

Hereinafter, embodiments of the present disclosure
will be described more specifically through examples.
However, the examples are for clearly explaining the
embodiments of the present disclosure and are not intended
to limit the scope of the present invention.

Welding joints having the compositions illustrated in
Tables 1 and 2 were formed, and the weldability, stacking
fault enerqgy, low-temperature  1mpact  toughness, and
abrasion resistance of the welding jolnts were measured as

illustrated 1n Table 2. At that time, weldability was
evaluated by observing the formation of cracks or pores.

The weldability of welding joints having no cracks or pores

was evaluated as being "good," and the weldability of

welding joints having cracks or pores was evaluated as

being "poor." In addition, the abrasion resistance of the
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welding joints was evaluated by performing an abrasion test
on the welding joints according to American Soclety for
Testing and Materials (ASTM) G65, and comparing abrasion

amounts of the welding joints with results of an abrasion

test performed on API-X70 steel generally used 1n the o1l

sands industry. The average abrasion amount of API-X70

steel was 2.855 g.

[Table 1]
NOS . : Composition (wt%) ~
C Mn Si Cr P S | N N1 | Cu B
«Is1 | 0.25| 23.2 [ 0.42|3.12]0.015| 0.01 | 0.002 | - - _
152 |0.49] 23.2 [0.523.04[0.014 |0.012|0.002| - [ - -
1S3 | 0.71] 23.4 | 0.72 [3.15]0.003 | 0.002 | 0.003 | - _ -
Ts4 |0.27| 23.1 | 0.4 |3.01]0.013/0.013|0.004]0.92]0.98] -
Is5 |o0.21] 18.2 |0.32]3.17]|0.006 | 0.004 | 0.001 |[4.89 |1.55| -
TS6 [0.12 | 15.3 [0.21[2.98]0.012 | 0.009 | 0.004 9.23J -]
1S7 | 0.27 | 23.4 10.37.2.9810.018 0.013.0.004[ - - _
Ise lo0.18 | 22.9 |0.42 | 3.02]0.017 [ 0.011]0.202| - | - 10.002
1S9 | 0.11 | 25.1 | 0.54 [ 2.96]|0.014 | 0.01 | 0.231 | - - Jo.o005
1510 | 0.31 [ 25.4 [0.42|2.99[0.012 0.013*0.0031 = - ]
Is11 lo0.34 1| 24.9 |0.2213.12]0.012 | 0.013 { 0.003 | - _ -
TS12 | 0.31 | 24.3 | 0.42]3.04[0.009|0.008 |0.004 | - - _
1513 lo0.33 ] 25.4 |0.322.870.012 ] 0.009 | 0.003 | - - *
Ts14 | 0.29 | 26.3 | 0.54 [3.02]0.011 ] 0.021 | 0.004 | - _ _
TS15 | 0.28 | 23.2 | 0.43[2.99[0.009 | 0.009 |0.003 | - [ - -]
1S16 | 0.27 | 24.2 [0.52[2.01]0.012 | 0.011 | 0.003 | - | - -
Ts17 | 0.23 | 25.1 | 0.32]5.64 [0.011 [0.012 | 0.005 | - _ -
Is18 |o0.28 ] 22.2 | 0.22]5.98}0.012 | 0.009 [ 0.007 | - - )
«*CS1 | 0.12 | 14.9 [0.183.04 [ 0.021 | 0.012 | 0.003 [15.23| 2.1
cs2 | 0.09] 23.2 |0.38[2.89]0.012|0.009 |0.001 | - _ _
cs3 |0.28] 23.1 [0.41]2.98]0.011 |0.012}0.002 | - } - ]
csa |0.29] 24.8 |0.36]3.09|0.011 ] 0.01 [0.003 | - - |-
css | 0.28 | 22.3 [0.36|2.98 | 0.012 0.006_0.003:[ - _ _
cs6 | 0.27 | 24.8 | 0.48 | 3.02]0.012 ] 0.004 | 0.004 | - - _
cs7 |0.02 | 25.2 |0.62]2.97[0.012 [0.012 | 0.529 | - | - 0.012
cse | 1.21| 22.3 |1.522.83]0.025]0.013]0.004 | - i i
*TS: Inventive Sample, **CS: Comparative Sample
[Table 2]
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NOs. | Composition (wt%) | *SEFE 2 Properties
(mJ/m)
(@20°C)
V Nb | Mo W Weldability Impact Abrasion
toughness | resistance
# (@-29°C) (%)
**TS1 - - - — 19.7 Good 29.3 46 .2
152 - - - - 28 .5 Good 70 .4 438
183 - - - - 395 Good 79.2 66.2
1S4 - - - - 20.6 Good 88 .9 46 .9
155 - - - - 18.1 Good 83.8 50
+ — ¢ 4 $ — -t
IS6 - - - - 23 Good 85.2 61.4
IS7 - - - - 20.9 Good 32.3 40.3
IS8 - - - - 23.5 Good 32.5 42 .4
| | | |
| | |
L ! |
1510 3.12 - - - 18.8 Good 35.1 41
+ < r i .
IS11 - |2.62] - - 16 .3 cood 34 .2 38.6
IS12 - - 3.42] - 16.6 Good 36.6 40.3
1513 - - {5.98| - 15.3 cood 27 .3 35.2
J | t { | |
I1S14 - - - 1.2 23.8 cood 62 .3 45.5
1sis | - | - | - [3.52]| 16.1 Cood 42 .2 49
Ts16 | - | - | - - 20.7 cood 29.3 46 .6
ts17 | - | - | - | - | =23.s cood 32.5 35.5
1818 : - - - 23 Good 35.1 31.7
sxxC31] - | - | - ~ | a0.2 cood 89 .3 72.1
| . |
CS2 - - - - 14.9 cood 18.2 | 28 .3
CS3 [6.23| - - - 13.9 cood 24 .8 35.9
csa | - |e6.23] - - 9.9 | cood 21.3 | 34 .8
CS5 | - ls.12] - | s cood 19.3 31.7
Csé6 - - - | 7.12 14.5 Cood 26.1 52 .4
CS7 . - - 53.3 |  Poor - | -
+ | (pores)
CS8 - ~ - = 60.9 Poor B -
(cracks)
*SFE: Stacking Fault Energy, **IS: Inventive Sample,

***(CS. Comparatlve Sample
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As illustrated in Tables 1 and 2 above, the weldiling

joints formed of Inventive Samples 1 to 15 having
compositions proposed in the exemplary embodiment of the
present disclosure had a high degree of weldability, and a
very high degree of impact resistance, that 1i1s, a low-

temperature impact toughness of 27 J or greater at -29°C.

In addition, the abrasion amounts of the welding joints

were 2 g or less. That is, the welding joints had high

abrasion resistance compared to API-X70 steel of the
related art.

However, Comparative Samples 1 to 6 not satisfying
alloying element contents proposed 1n the exemplary
embodiment of the present disclosure had low degrees of

low-temperature impact toughness and abrasion resistance

compared to the inventive samples. 1In the case oI
Comparative Samples 7 and 8, 1t was difficult to perform

welding because of unstable arcs or excessive amounts of
spatters, and thus low-temperature impact toughness and

abrasion resistance could not be evaluated.
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[cr.AaTMS ]

[claim 1]
A welding Jjoint having high impact resistance and
abrasion resistance, comprising, by wt%, carbon (C): 0.02 %

to 0.75%, silicon (8i): 0.2 % to 1.2%, manganese (Mn): 15 %

to 27%, chromium (Cr): 2 % to 7%, sulfur (S): 0.025% ox
less, phosphorus (P): 0.025% or less, nitrogen (N): 0.001 %
to 0.4%, and a balance of iron (Fe) and 1nevitable
impurities,

wherein the welding joint has stacking fault energy
of 15 mJ/m* to 40 mJ/m” at 20°C.
[Claim 2]

The welding Jjoint of c¢laim 1, further comprising

nickel (N1) 1n an amount of 10% or less.

[Claim 3]
The welding Jjoint of claim 1, further comprising
vanadium (V): 5% or less, niocbium (Nb): 5% or less,

molybdenum (Mo): 7% or less, and tungsten (W): 6% Oor less.
[claim 4]
The welding joint of c¢laim 1, further comprising
copper (Cu) 1n an amount of 2% or less.
[claim 5]

The welding Jjoint of c¢laim 1, further comprising

boron (B) 1n an amount of 0.01% or less.
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[Cclaim 6]

The welding joint of claim 1, wherein the welding
joint has a low-temperature 1impact toughness of 27 J Or

greater at a temperature of -29°C.
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