Office de la Propriete Canadian CA 2531990 A1 2006/11/18

Intellectuell Intellectual P
du Canada_ Office T en 2 531 990
g,rngags?:i‘:g:na " ﬁgﬁg‘?y‘éyaﬁ; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2006/01/04 (51) ClInt./Int.Cl. B23K 535/362(2006.01),

B23K 9/24 (2006.01), B23K 35/52(2006.01),
B23K 9/173(2006.01)

(71) Demandeur/Applicant:
LINCOLN GLOBAL, INC., US

(72) Inventeur/Inventor:
KAROGAL, NIKHIL, US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(41) Mise a la disp. pub./Open to Public Insp.: 2006/11/18
(30) Priorité/Priority: 2005/05/18 (US11/130,739)

(54) Titre : ELECTRODE A COEUR DE FLUX POUR SOUDAGE SOUS ATMOSPHERE
54) Title: FLUX CORED, GAS SHIELDED WELDING ELECTRODE

(57) Abrégée/Abstract:

A flux cored, gas shielded arc welding electrode for depositing a weld metal with low diffusible hydrogen and having tensile strength
greater than 90 Kpsl and a yleld strength greater than 80 Kpsi. The electrode includes a nickel free steel sheath with a carbon
content of less than 0.05% of the sheath and a core in the range of 13-17% of the electrode wherein the core includes primary alloy
particles of iron, manganese, magnesium and nickel with a minor amount of secondary alloy particles of a silicon alloy and a boron
alloy In a rutile based slag system. The nickel has a controlled amount in the general range of 1.0-2.0% by weight of the electrode
and the rutile 1Is 40-60% by weight of the core.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




0

CA 02531990 2006-01-04

LEEE 200606

Abstract

A flux cored, gas shielded arc welding electrode for depositing a weld metal with low
diffusible hydrogen and having tensile strength greater than 90 Kpsi and a yield strength greater
than 80 Kpsi. The electrode includes a nickel free steel sheath with a carbon content of less than
0.05% of the sheath and a core in the range of 13-17% of the electrode wherein the core includes
primary alloy particles of iron, manganese, magnesium and nickel with a minor amount of
secondary alloy particles of a silicon alloy and a boron alloy in a rutile based slag system. The
nickel has a controlled amount in the general range of 1.0-2.0% by weight of the electrode and

the rutile 1s 40-60% by weight of the core.
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FLUX CORED, GAS SHIELDED WELDING ELECTRODE

The present invention relates to the art of electric arc welding and more particularly to a
new and improved flux cored, gas shielded arc welding electrode that produces a weld metal with
ultra-high tensile strength.

INCORPORATION BY REFERENCE

The present invention relates to a specific flux cored gas shielded arc welding electrode
for depositing a weld metal with low diffusible hydrogen and high tensile strength. A unique
combination of components in the core of the electrode facilitates these advantageous
characteristics without substantially increasing cost. As background information, Crockett
4,833,296 discloses a flux cored electrode which is self shielding and includes a low percentage
of manganese and no magnesium in the core. These constraints prevent the electrode from
resulting in a low diffusible hydrogen or ultra-high tensile strength weld metal as anficipated by
use of the pllesent invention. However, this self shielding type of electrode 1s incorporated herein
as background technology even though it is a different type of electrode. In Chai 5,118,919, a
flux cored electrode for high yield strength employs a relatively low amount of nickel together
with a high amount of carbon with no magnesium. Thus, the increased strength is obtained
primarily by thé high carbon content. As in the electrode of the Crockett patent, Chai does not
use a boron alloy as a secondary alloy for reducing the brittleness of the resulting high strength
weld metal produced by the electrode. This patent 1s also incorporated by reference herein. The
use of a boron alloying agent is taught by Crockett 5,365,036; however, this flux cored gas

shielded electrode has a low nickel content, a high carbon content and no magnesium as in the
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present invention. Thus, the yield strength obtained in the weld metal does not have the
toughness and lack of brittleness as in the electrode of the present invention. This second
Crockett patent 1s also incorporated by reference herein. The recent patent on a flux cored
electrode 1s Nikodym 6,855,913, which is incorporated by reference. This patent specifically
teaches a low nickel content and requires a combination of graphite and a compound of

potassium to produce a low yield strength weld metal. The strength is controlled by the graphite

to produce an electrode used in an alternating current welding process. This electrode does not

F.-ﬂ"‘-_ P

have the constituents of the present invention and employs low nickel in the core with relatively

o
{

high carbon as in the other background patents. The high strength is obtained by increased carbon
with a low amount of nickel, whereas the present invention reverses this relationship in order to
obtain high yield strength and ultra-high tensile strength.
THE INVENTION
The present invention is an improvement of the technology set forth in the several
background patents incorporated by reference herein. In accordance with the present invention,

there 1s provided a flux cored, gas shielded arc welding electrode for depositing a weld metal
with a low diffusible hydrogen with a tensile strength greater than 90 Kpsi and a yield strength
greater than 80 Kpsi. This novel electrode includes a nickel free sheath with a carbon content of

less than 0.05% of the sheath and a core comprising 13-17% of the weight of the electrode.

Consequently, the total amount of carbon is substantially less than about 0.02% in the resulting

weld metal. The core includes a set of primary alloy particles and a set of second alloy particles.

The primary alloy particles include iron, manganese, magnesium and nickel. The secondary
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alloy particles include a silicon alloy and a boron alloy. The particles in the core have a size less
than about a 40 mesh screen size and include a rutile based slag system. The nickel has a partial
size less than a 50 mesh screen size and a controlled amount. This controlled amount is 1n the

general range of 1.0-2.0 by weight of the electrode itself. The small nickel content 1s greater than

5 the prior art and 1s controlled below the level for stainless steel. Consequently, the weld metal
includes greater than 1.0% nickel and 1s alloyed with manganese. Magnesium 1s included.
Consequently, the novel electrode produces a diffusible hydrogen level 1in the weld metal of less

than about 7.0 m/100 grams. The tensile strength 1s greater than 90 Kpsi, and preferably greater

than 100 Kpsi. The novel electrode uses a controlled, elevated amount of nickel with other

10 constituents to obtain a desired high tensile strength weld metal. The controlled amount of nickel

is drastically less than the nickel used in welding of stainless steel as shown in Kim 6,620,261,

also mcorporated by reference herein.

The primary object of the present invention 1s the provision of a novel flux cored, gas

shielded arc welding electrode which produced a low diffusible hydrogen and a high tensile

15 strength greater than 90 Kpsi.

Another object of the present invention is the provision of an electrode, as defined above,

which electrode has a controlled, higher level of nickel in the general range of 1.0-2.0 of the

weight of the total electrode together with a rutile based slag system where the rutile approaches

about 50% of the core.

20 Yet another object of the present invention is the provision of an electrode, as defined

above, which electrode has a low amount of carbon and a higher controlled level of nickel to
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create a high strength weld metal together with a boron alloy to control the grain size of the

resulting weld metal so that it 1s not made brttle by the substantial increase in tensile strength.

These and other objects and advantages will become apparent from the following

description of the preferred embodiment of the present invention.

5 In accordance with the invention, the sheath around the core has a carbon content of less

than 0.05% to provide a substantially less percentage of carbon in the resulting weld metal. The

nickel in the weld metal is controlled to be in the general range of 1.0-2.0%. The weld metal
does not mvolve a wide range of nickel as in some general purpose electrodes. The nickel is

obtained wholly from the alloying agent in the core of the electrode. The core of the electrode

10 has the constituents as set forth in Table 1.

TABLE I

Rutile 47.5%

15 | Femo ttanium
Fluorid
Ferro Boron 0.4%
Nickel Powder
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This electrode has been produced and results in a weld metal which has a tensile strength
oreater than 100 Kpsi and a yield strength greater than 80 Kpsi. Furthermore, the diffusible
hydrogen in the resulting weld metal is substantially less than produced by a class H8 electrode.

These advantages are not obtained by the prior art to which the present invention is directed.
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Having thus defined the invention, the following is claimed:

1. A flux cored, gas shielded arc welding eléctrode for depositing a weld metal with
low diffusible hydrogen and having tensile strength greater than 90 Kpsi and a yield strength
greater than 80 Kpsi, said electrode including a nickel free steel sheath with a carbon content of

less than 0.05% of the sheath and a core in the range of 13-17% of the electrode, said core
including primary alloy particles of iron, manganese, magnesium and nickel with a minor amount
of secondary alloy particles of a silicon alloy and a boron alloy in a rutile based slag system

wherein said nickel has a controlled amount in the general range of 1.0-2.0% by weight of the

electrode.

2. An electrode as defined 1n claim 1 wherein said carbon in said sheath is in the

range of 0.03 to 0.05% by weight of said sheath.

3. An electrode as defined in claim 2 wherein said rutile is 40-60% by weight of said

Coreﬁ

4. An electrode as defined in claim 1 wherein said rutile is 40-60% by weight of said

COIC.
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5. An electrode as defined in claim 4 wherein said core contains, by weight of the
core:

(a)  40-60% rutile

(b)  10-15% manganese powder

(c)  2-5% iron powder

(d  2-5% magnesium powder

(¢)  4-10% nickel powder.

6. An electrode as defined in claim 5 wherein said secondary alloy particles include,
by weight of the core:

(a) 4-8% silicon alloy

(b)  0.2-0.5% boron alloy.

7. An electrode as defined 1n claim 3 wherein said core contains, by weight of the
Core:

(a)  40-60% rutile

(b)  10-15% manganese powder
(c)  2-5% iron powder

(d)  2-5% magnesium powder

(¢)  4-10% nickel powder.
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8. An electrode as defined in claim 7 wherein said secondary alloy particles include,
by weight of the core:
(a) 4-8% silicon alloy
(b) 0.2-0.5% boron alloy.
9. An electrode as defined in claim 2 wherein said core contains, by weight of the
core:
(a) 40-6\0% rutile
(b)  10-15% manganese powder
(¢)  2-5% iron powder
(d) 2-5% magnesium powder
(e) 4-10% mnickel powder.
10.  An electrode as defined in claim 9 wherein said secondary alloy particles include,
by weight of the core:

(a) 4-8% silicon alioy

(b) 0.2-0.5% boron alloy.
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11.  An electrode as defined in claim 1 wherein said core contains, by weight of the

core:
(a)  40-60% rutile
(b) 10-15% manganese powder
(c)  2-5% iron.powder
| (d) 2-5% magnesium powder

(e)  4-10% nickel powder.

12, Anelectrode as defined 1n claim 11 wherein said secondary alloy particles

include, by weight of the core:
(a)  4-8% silicon alloy

(b)  0.2-0.5% boron alloy.

13.  An electrode as defined in claim 4 wherein said secondary alloy particles include,

by weight of the core:
(a) 4-8% silicon alloy

(b)  0.2-0.5% boron alloy.
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14.  An electrode as defined 1n claim 3 wherein said secondary alloy particles include,
by weight of the core:
(a)  4-8% silicon alloy

(b)  0.2-0.5% boron alloy.

15.  An electrode as defined 1n claim 2 wherein said secondary alloy particles include,
by weight of the core:
(a)  4-8% silicon alloy

(b) 0.2-0.5% boron alloy.

16.  An electrode as defined in claim 1 wherein said secondary alloy particles include,
by weight of the core:
(a)  4-8% silicon alloy

(b)  0.2-0.5% boron alloy.

17.  Anelectrode as defined in claim 16 including as a primary alloy particles and

alloy of titanium.

18.  An electrode as defined in claim 11 including as a primary alloy particles and

alloy of titanium.

- 10 -
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19.  An electrode as defined in claim 4 including as a primary alloy particles and alloy

of titanium.

20.  An electrode as defined in claim 2 including as a primary alloy particles and alloy

of fitanium.

21.  Anelectrode as defined in claim 1 including as a primary alloy particles and alloy

of titanium.

22.  An electrode as defined 1n claim 21 wherein said particle size of said primary

alloy particles 1s less than a 50 mesh screen.

23.  An electrode as defined in claim 4 wherein said particle size of said primary alloy

particles 1s less than a 50 mesh screen.

24.  An electrode as defined in claim 2 wherein said particle size of said primary alloy

particles 1s less than a 50 mesh screen.

25.  Anelectrode as defined in claim 1 wherein said particle size of said primary alloy

particles 1s less than a 50 mesh screen.
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26.  An electrode as defined in claim 25 wherein said core comprises, by weight of

said core:
()  47.5% rutile
(b) 13.5% manganese powder
(¢) 3.5% ferro titanum
(d)  6.0% ferro silicon
(e) 2.2% cast iron powder
(f) 6.0% fluoride
(2) 1.5% titanate
(h)  0.4% ferro boron
(1) 3.3% iron powder
(1) 4.3% magnesium powder

(k) 5.5-9.6% nickel powder.

27.  An electrode as defined 1n claim 21 wherein said core comprises, by weight of

said core:

(a)  47.5% rutile

(b)  13.5% manganese powder

(c) 3.5% ferro titanum

(d)  6.0% ferro silicon

(¢)  2.2% cast iron powder

- 12 -
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()  6.0% fluoride

(g)  1.5% titanate

(h)  0.4% ferro boron

(i)  3.3% iron powder

3)  4.3% magnesium powder

(k)  5.5-9.6% nickel powder.

28.  An electrode as defined in claim 16 wherein said core comprises, by weight of

said core:

(a) 47.5% rutile

(b) 13.5% manganese powder
(c) 3.5% ferro fitanum

(d)  6.0% ferro silicon

(e)  2.2% cast ron powder

(1) 6.0% fluoride

(g)  1.5% titanate

(h)  0.4% ferro boron

(1) 3.3% iron powder

() 4.3% magnesium powder

(k)  5.5-9.6% nickel powder.
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said core:

COre.

(a)
(b)
(c)
(d)
(e)
(H
(g)
(h)

()
(k)

30.

(b)
(c)
(d)
(€)
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An electrode as defined in claim 11 wherein said core comprises, by weight of

47.5% rutile

13.5% manganese powder
3.5% ferro titanum

6.0% ferro silicon

2.2% cast iron pdwder
6.0% fluoride

1.5% titanate

0.4% ferro boron

3.3% 1ron powder

4.3% magnesium powder

3.5-9.6% nickel powder.

An electrode as defined 1n claim 4 wherein said core comprises, by weight of said

47.5% rutile

13.5% manganese powder
3.5% ferro titanum

6.0% ferro silicon

2.2% cast 1ron powder

-14 -
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() 6.0% fluoride

(g 1.5% titanate

(h)  0.4% ferro boron

(1) 3.3% 1ron powder

() 4.3% magnesium powder

(k)  5.5-9.6% nickel powder.

31.  Anelectrode as defined in claim 2 wherein said core comprises, by weight of said

core:
(a) 47.5%rutile
(b) 13.5% manganese powder
(c) 3.5% ferro titanum
(d)  6.0% ferro silicon

()  2.2% cast 1ron powder

(f) 6.0% fluoride
(2) 1.5% titanate

(h)  0.4% ferro boron
(1) 3.3% iron powder
() 4.3% magnesium powder

(k)  5.5-9.6% nickel powder.
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32.  An electrode as defined in claim 1 wherein said core comprises, by weight of said

core:
(a) 47.5%ratile
(b)  13.5% manganese powder
(c)  3.5% ferro titanum
(d)  6.0% ferro silicon
(¢)  2.2% cast iron powder
()  6.0% fluonde
(g2) 1.5% titanate
(h)  0.4% ferro boron
(1) 3.3% iron powder
() 4.3% magnesium powder

(k)  5.5-9.6% mickel powder.

33. A flux cored, gas shielded arc welding electrode for depositing a weld metal with
tensile strength greater than 90 Kpsi and a yield strength greater than 80 Kpsi, said electrode

including a nickel free steel sheath with a carbon content of less than 0.05% of the sheath and a
core in the range of 13-17% of the electrode, said core including primary alloy particles of nickel
with a mmor amount of secondary alloy particles of a boron alloy in a rutile based slag system

wherein said nickel has a controlled amount in the general range of 1.0-2.0% by weight of the

electrode.
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34. An electrode as defined in claim 33 wherein said carbon 1n said sheath 1s in the

range of 0.03 to 0.05% by weight of said sheath.

35.  An electrode as defined in claim 34 wherein said rutile 1s 40-60% by weight of

said core.

36.  An electrode as defined in claim 33 wherein said rutile is 40-60% by weight of

said core.
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