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(57) ABSTRACT

The present invention discloses a method for welding Fe
—Al intermetallic compound microporous material and a
welded part made thereby, and the present invention relates
to the field of welding technology. For the problem in the
prior art that there is great difficulty in welding between Fe
—Al microporous material and dense stainless steel, the
method for welding Fe—Al intermetallic compound micro-
porous material, in accordance with the present invention,
comprises the following steps: turning on “welding torch
fuel-gas” of a fusion-welding machine, and turning on weld-
ing shielding gas in a shield; adjusting welding parameters
of the welding machine and parameter of the welding shield-
ing gas in the shield for a fusion welding process; switching
on the welding machine, and using welding wire as welding
filler for welding Fe—Al intermetallic compound micropor-
ous material to dense stainless steel; and, cooling after com-
pletion of the welding.

Turning on "welding rorch fuslgas™ of 2 fusion-welding
machine, and turning on weldihg shielding gas v a shigld

Adjusting welding parameters of the welding marhine and
narameter of the welding shielding gas in the shield for a fusion
welding process

Switching on the welding machine, and usingwelding wirs as
weiding filler for walding Fe-Al intermietallic compound
micrnporeus material to denss stalnlzss stasi

Cooling after completion of the welding




Patent Application Publication Apr. 20, 2023 Sheet 1 of 4 US 2023/0123302 A1

Turping on "welding torch fuel-gas™ of 2 fusion-welding
machine, and turning on welding shielding gas i a shield

v
Adjusting welding parameters of the welding maching and

paramater of the welding shielding gas in the shisld for a fusion
welding process

5,

Switching on the welding machine, and usingwelding wire as

wedding Hller For walding Fe-Al intermietallic compound
microporgus material to dense stainlass steel

Cooling after completion of the welding

FIG. 1



Patent Application Publication Apr. 20, 2023 Sheet 2 of 4 US 2023/0123302 A1

Turndng o6 “walding torch fuel-gas”™ i an avgon srowaldin
machineg, and turning onwelding shielding gas i a shisld

Adjusting welding parameters of the welding machine and
parameter of the welding shislding gas i the shield for an

AV AN we {Jiﬂg Proce

Adjusting welding torch position, pressing an arc stavt switch,
and uaing GOrMod1 best-resismant steel weiding wive, ER3105
walding wire or ERMIC-3 welding wirve aswelding fiiler for
walding Fe-Al intermetailic compound microporous matenal to

densa-stainiess stesd

she

Cooling after completion of the welding

FIG. 2



Patent Application Publication Apr. 20, 2023 Sheet 3 of 4 US 2023/0123302 A1

Turning on "welding torch fuel-gas™ of & plasma welding
machine, and turming onowelding shielding gasin a shield

4

Adjusting welding parameters of the welding machine and
parametey of the welding shieiding gas in the shield for &
olasma welding process

Adjusting welding torch posilion, gressing an arc start switch,
and using GOrMol heat-resistant stael welding wire, ERALUS
welding wire or ERNICr-3 welding wive asweélding filler for
welding Fe-Al intermetallic compound microporous material to

dense staivdess steed

Cooling in the shield after complation of the plasma walding

FIG. 3



Patent Application Publication Apr. 20, 2023 Sheet 4 of 4 US 2023/0123302 A1

Turning on “welding torch fusl-gas™ of a laser welding machine,
and tuwrning onwelding shielding gas i a shield

Adjusting welding parameters of the welding machine and
parameter of the welding shielding gas in'the shield fora laser
welding process

Switching on the laser weelding machine, and using GCOrkinst
heat-resistant steel welding wive, ERII05 welding wive or
ERMNIC3 welding wire aswelding filer for welding Fe-Al

mtermetaiiic compound microgovous matenal ta denge

staintess stesl

L

Cocling in the shield after complation of thewelding

FIG. 4



US 2023/0123302 Al

METHOD FOR WELDING IRON-
ALUMINUM INTERMETALLIC COMPOUND
MICROPOROUS MATERIAL AND WELDED

PART MADE THEREBY

TECHNICAL FIELD

[0001] The present disclosure relates to the field of weld-
ing technology, in particular to the field of welding of an
iron-aluminum-based (hereinafter referred to as Fe-Al)
intermetallic compound microporous material, and more
specifically to the field of welding of a Fe-Al intermetallic
compound microporous material to dense stainless steel
(i.e., solid stainless steel).

BACKGROUND

[0002] A Fe—Al intermetallic compound (such as Fe;Al,
FeAl, FeAl,, Fe,Als, FeAljs, etc.) is a type of low-density
material between metal and ceramic, also called “semi-cera-
mic”, which has not only the advantages of metal materials,
such as good ductility, high strength, good processing per-
formance, high thermal shock resistance, weldability, etc.,
but also the characteristics of ceramic materials, such as
good thermal stability, high resistance to oxidation and cor-
rosion, good wear resistance, etc., and is especially suitable
for precision filtration and gas-solid separation in high-tem-
perature, high-pressure and corrosive environments. There-
fore, Fe—Al intermetallic compounds as microporous func-
tional materials are widely valued and studied, as high-
temperature dust-removal application areas continue to
expand.

[0003] Results of existing experimental studies show that,
Fe—Al intermetallic compounds have poor weldability,
which is also one of the key factors limiting the application
of Fe—Al intermetallic compounds as engineering materi-
als. In fusion welding, the main problems are cold cracking
and hot cracking. For addressing the cold-cracking and hot-
cracking problems, main measures taken so far are reducing
source of diffused hydrogen in a molten weld pool, strength-
ening protection of a molten pool, weakening constraint
stress (thermal stress) and post-weld residual stress in a
joint area during a welding process, and optimizing compo-
sition and organizational properties of metal in weld seam,
etc.

[0004] Liu Liangzhi et al. presented in “GTA Welding and
Weldability of Fe-Al Alloy” (see “Mechanical Science and
Technology for Aerospace Engineering”, 1996, Vo 1. 15,
No. 4) that an experimental study of the welding of Fe-
14Al-10Mn-Cr plates was carried out using argon arc weld-
ing, with welding filler material ¢2 mm 1Cr18Ni9Ti, Y-
Type 1.5x45°groove, specimen gap 2.0-2.5 mm, and Ar
gas flow rate 10 L/min. Results of the experimental study
show that: compared with no pre-weld heat treatment, pre-
heating treatment at a relatively high temperature (400° C.)
before welding can improve plasticity of welded parts dur-
ing a welding process, and reduce welding stress caused by
uneven temperature on the welded parts, thus reducing ten-
dency of hot cracking during Fe—Al welding; meanwhile, a
relatively high temperature (400° C.) heat treatment imme-
diately after welding can effectively remove residual stress
in the welded parts, thus preventing expansion of micro-
cracks and generation of cold cracks in the welded parts
during post-weld cooling and placement; the resulting weld-
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ing joints can reach a tensile strength of more than 80% of
the base material strength.

[0005] O. Torun et al. presented in “Diffusion bonding of
iron aluminide Fe;,Al,g using a pure iron interlayer” (see
“Intermetallics”, Volume 13, Issue 8, August 2005, Pages
801-804) that autogenous welding of Fe;;Al,g Alloy was
carried out using diffusion welding, under a pressure of
3.2 MPa and temperature held at 1100° C. for 4 h, and a
relatively excellent welding joint was obtained with a post-
weld tensile strength reaching 396 MPa, which is 86% of the
tensile strength of the base material. The study conclude
that, the only way to obtain a joint with good bonding prop-
erties is to use high temperature, high pressure and a long
time of specific process parameters, and only in this way can
a relatively ideal joint be obtained. However, such harsh
welding conditions are not only costly and inefficient, but
also difficult to achieve on components with a slightly
more complex structure, thus are inadvisable for promo-
tional use in engineering.

[0006] Gao Haiyan et al. presented in the “Research on Fe
—Al intermetallic porous materials” (see “Central South
University”, 2009, PhD thesis) that research on weldability
of Fe-Al intermetallic compound microporous materials was
conducted using self-made Cu-10wt%Sn powder pressed
billet as brazing filler, with brazing mechanism being inter-
diffusion and reaction between elements of both the brazing
filler and the base Fe-Al porous materials. The research’s
conclusion is as follows: good homogenous brazing joint
as well as heterogeneous brazing joints brazed to stainless
steel can be obtained for Fe-Al microporous materials, with
tensile strengths of the homogenous and heterogeneous
brazed joints reaching 75.0 MPa and 83.9 Mpa respectively,
which are 81.5% and 91.2% of the tensile strength of the Fe
—Al microporous material matrix respectively; after hetero-
geneous brazing of the Fe—Al microporous materials to
stainless steel, the organizational structure of the diffusion
layer at the weld seam (the weld seam here is the stainless
steel/porous Fe—Al joint brazed) is S—S+(Cu, Sn)/(Cu,
Sn)/CusAl4+(Cu, Fe)+(Cu, Sn)/AlFe;+A1,Cus+(Cu, Sn),
and weakness surface (in terms of weld-strength) is the braz-
ing filler/Fe—Al bonding interface, whereas after homoge-
nous brazing of the Fe—Al microporous materials, the orga-
nization structure of the diffusion layer at the weld seam (the
weld seam here is the porous Fe-Al/porous Fe—Al joint
brazed) is (Cu, Sn) solid solution phase coexisting with
Cu-Sn intermetallics, and the weakness surface (in terms
of weld-strength) is the center of the weld seam (here, that
is the center of the filler). The main problem in brazing and
diffusion welding is the difficulty in obtaining good
mechanical properties in a welding joint area. Main mea-
sures for solving the problem in brazing and diffusion weld-
ing are improving welding parameters and developing new
types of brazing fillers. Although the above measures have
some effect, but mostly they increase difficulty of process,
making welding conditions harsh, or costly and inefficiency,
and therefore, in practical applications they are largely lim-
ited or even difficult to implement. In summary, current
research on welding issues of Fe—Al intermetallic com-
pounds are still very limited, most of which is about
dense-part-to-dense-part welding, meanwhile, research
about welding of Fe—Al intermetallic compound micropor-
ous materials to solid part is also basically focused on study
of brazing process, which has not yet achieved engineering
application.
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[0007] Microporous materials have many differences
from dense materials, the main difference is that micropor-
ous materials have a microporous structure, and these
microporous will have a severe impact on welding or other
connection methods. Regarding the impact on welding, as
the rate of heat transfer in microporous material is related
to the porosity of the material, the presence of a large num-
ber of pores makes it difficult to form a continuous and
stable molten pool during welding, resulting in a reduction
in mechanical properties of a connecting joint. In addition,
because Fe—Al and dense stainless steel has a large differ-
ence in coefficient of thermal expansion, making a welding
process and a subsequent cooling process prone to occur-
rence of cold cracking and hot cracking at a weld seam;
moreover, in Fe—Al microporous materials, due to the
high activity of Al elements and the existence of many
pores in the microporous material itself, if not properly pro-
tected, it is prone to formation of A1,05, which would cause
the phenomenon of non-melting or molten pool discontinu-
ity in a welding process; all these factors have led to great
difficulty in welding between Fe—Al microporous materi-
als and dense stainless steel.

SUMMARY

[0008] To realize engineering application of Fe—Al
microporous materials, connection problems between them
and dense stainless steel must be solved. Therefore, the pre-
sent disclosure is of great importance for engineering appli-
cation of Fe—Al intermetallic compound microporous
materials.

[0009] According to the present disclosure, provided is a
method for welding intermetallic compound microporous
material to dense stainless steel, characterized in that, the
welding method comprises the steps of: turning on “welding
torch fuel-gas” of a fusion-welding machine, and turning on
welding shielding gas in a shield; adjusting welding para-
meters of the welding machine and parameter of the welding
shielding gas in the shield for a fusion welding process;
adjusting welding torch position, pressing an arc start
switch, and using welding wire as welding filler for welding
the Fe—Al intermetallic compound microporous material to
dense stainless steel; and cooling after completion of the
welding.

[0010] According to the present disclosure, also provided
is a welded part made according to the above method of the
present disclosure.

[0011] In the welding method of the present disclosure,
welding is performed by using fusion welding (e.g. argon
arc welding, plasma welding or laser welding, etc.). More-
over, high-quality welding of Fe—Al intermetallic com-
pound microporous material to dense stainless steel is
achieved, by using welding wire and providing protection
with multi-channel welding shielding gas (i.e., welding
shielding gas from the welding torch itself and welding
shielding gas newly introduced into the shield) to a joint
area during the welding process. Further, through optimiza-
tion of process parameters (welding current, welding vol-
tage, welding speed, shielding gas flow rate) and preferable
selection of GCrMo091 (C < 0.1%wt, Cr 8-10%wt, Mo < 1%
wt), ER310S welding wire or ERNiCr-3 alloy welding wire
material, as welding filler, the present disclosure can have
better effect.
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[0012] Fe—Al intermetallic compound microporous
material welded by the welding method of the present dis-
closure is firmly bonded to dense stainless steel and has high
stability, with a full and uniform weld seam and no defects
such as undercut, surface cracks, seam under-fill, obvious
overlap, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a flow chart of a method for welding Fe
—Al intermetallic compound microporous material to dense
stainless steel, in accordance with an embodiment of the
present disclosure;

[0014] FIG. 2 is a flow chart of the welding method, in
accordance with another embodiment of the present disclo-
sure where argon arc welding is used.

[0015] FIG. 3 is a flow chart of the welding method, in
accordance with yet another embodiment of the present dis-
closure where plasma welding is used; and

[0016] FIG. 4 is a flow chart of the welding method, in
accordance with further another embodiment of the present
disclosure where laser welding is used.

DETAILED DESCRIPTION

[0017] The technical solutions of the present disclosure
will be described below in a clearly and fully understandable
way in conjunction with the accompanying drawings. It is
obvious that the described embodiments are just a part but
not all of the embodiments of the present disclosure. Based
on the embodiments in the present disclosure, those skilled
in the art can obtain other embodiment(s), without any
inventive work, all of which should be within the scope of
the disclosure.

[0018] Referring to FIG. 1, in the method for welding Fe
—Al intermetallic compound microporous material to dense
stainless steel in accordance with the present disclosure,
firstly, turning on “welding torch fuel-gas” of a fusion-weld-
ing machine, and turning on welding shielding gas in a
shield, in which the shield is used to protect the Fe—Al
intermetallic compound microporous material; next, adjust-
ing welding parameters of the welding machine and para-
meter of the welding shielding gas in the shield for a fusion
welding process; then, adjusting welding torch position,
pressing an arc start switch, and using welding wire as weld-
ing filler for welding the Fe—Al intermetallic compound
microporous material to dense stainless steel; and, cooling
in the shield after completion of the welding.

[0019] In the method for welding Fe—Al intermetallic
compound microporous material to dense stainless steel in
accordance with the present disclosure, the welding wire
material preferably adopts GCtMo91 (C < 0.1%wt, Cr 8-
10%wt, Mo < 1%wt) heat-resistant steel welding wire,
ER310S welding wire or ERNiCr-3 welding wire, as weld-
ing filler. The welding method adopts fusion welding, and
preferably adopts argon arc welding, plasma welding or
laser welding for performing welding.

[0020] In the welding method of the present disclosure,
high-quality welding between the Fe-Al material and solid
stainless steel is achieved by using welding wire and provid-
ing multi-channel welding shielding gas (i.e., welding
shielding gas from the welding torch itself and welding
shielding gas newly introduced into the shield) to a joint
area during the welding process. Further, through optimiza-
tion of process parameters (welding current, welding vol-
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tage, welding speed, shielding gas flow rate), the present
disclosure has better effect.

[0021] FIG. 2 shows a flow chart of the welding method,
in accordance with another embodiment of the present dis-
closure where argon arc welding is used. The steps are as
follows: firstly, turning on “welding torch fuel-gas” of an
argon arc welding machine, and turning on welding shield-
ing gas in a shield, where the shield is used to protect the Fe
—Al intermetallic compound microporous material; next,
adjusting welding parameters of the welding machine and
parameter of the welding shielding gas in the shield for an
argon arc welding process; then, adjusting welding torch
position, pressing an arc start switch, and using welding
wire, for example, GCrMo91 heat-resistant steel welding
wire, or ER310S welding wire or ERNiCr-3 welding wire,
as welding filler for welding the Fe—Al intermetallic com-
pound microporous material to dense stainless steel, where
the composition in GCrMo91 heat-resistant steel welding
wire are C < 0.1%wt, Cr 8-10%wt, Mo<1%wt; and, cooling
in the shield after completion of the argon arc welding.
[0022] In the specific welding method in FIG. 2:

[0023] equipment; and during welding, Fe—Al alloy in a
fusion zone, especially the element Al, is prone to oxidation,
therefore, in addition to process parameters such as welding
speed, welding voltage, welding current, argon gas flow
rate, etc., major focus should be placed on approaches for
protecting a welding joint portion (including weld seam,
fusion zone, and heat-affected zone) with welding shielding
gas. Welding process parameters used with the argon arc
welding are: welding current 65-75A, welding voltage
12.4 V, welding speed 150-210 mm/min, in-welding-torch
argon gas flow rate 20 L/min, and in-shield argon gas
(shielding gas) flow rate 10-15 L/min.

[0024] FIG. 3 shows a flow chart of the welding method,
in accordance with yet another embodiment of the present
disclosure where plasma welding is used. The steps are as
follows: firstly, turning on “welding torch fuel-gas” of a
plasma welding machine, and turning on welding shielding
gas in a shield, where the shield is used to protect the Fe
—Al intermetallic compound microporous material; next,
adjusting welding parameters of the welding machine and
parameter of the welding shielding gas in the shield for a
plasma welding process; then, adjusting welding torch posi-
tion, pressing an arc start switch, and using welding wire,
for example, GCrMo91 heat-resistant steel welding wire, or
ER310S welding wire or ERNiCr-3 welding wire, as weld-
ing filler for welding the Fe—Al intermetallic compound
microporous material to dense stainless steel, where the
composition in GCrMo91 heat-resistant steel welding wire
are C < 0.1%wt, Cr 8-10%wt, Mo<1%wt; and, cooling in
the shield after completion of the plasma welding.

[0025] In the specific welding method in FIG. 3:

[0026] A plasma girth welding machine may be preferably
adopted as the plasma welding equipment; and process para-
meters used with the plasma welding are: welding current
50-60 A, argon gas flow rate 10-15 L/min, welding speed
150-180 mm/min, ionized gas flow rate 1+0.1 L/min, and
welding wire material adopting GCrMo91 (C<0.1%wt, Cr
8-10%wt, Mo<1%wt) heat-resistant steel welding wire,
ER310S welding wire or ERNiCr-3 welding wire as weld-
ing filler. Specifically, when performing the welding, the
steps are as follows: firstly, turning on “welding torch fuel-
gas” of the welding machine, and turning on shielding gas in
a shield, where in-shield argon gas (shielding gas) flow rate
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is 20-25 L/min; then, switching on a rotating mechanism of
the plasma girth welding machine, adjusting welding torch
position, pressing an arc start switch, and accomplishing the
welding by manual filler-wire filling and full welding
around whole perimeter; cooling in the shield for 10 seconds,
and then taking out the welded part.

[0027] FIG. 4 shows a flow chart of the welding method,
in accordance with further another embodiment of the pre-
sent disclosure where laser welding is used. The steps are as
follows: firstly, turning on “welding torch fuel-gas” of a
laser welding machine, and turning on welding shielding
gas in a shield, where the shield is used to protect the Fe
—Al intermetallic compound microporous material; next,
adjusting welding parameters of the welding machine and
parameter of the welding shielding gas for a laser welding
process; then, switching on the laser welding machine, and
using welding wire, for example, GCrMo91 heat-resistant
steel welding wire, or ER310S welding wire or ERNiCr-3
welding wire, as welding filler for welding the Fe—Al inter-
metallic compound microporous material to dense stainless
steel, where the composition in GCrMo91 heat-resistant
steel welding wire are C < 0.1%wt, Cr 8-10%wt, Mo<1%
wt; and, cooling in the shield after completion of the laser
welding.

[0028] In the specific welding method in FIG. 4:

[0029] Welding process parameters used with the laser
welding are: welding power 2-3 kw, welding speed 50-
100 mm/min, wire feed speed 85-100 mm/s, defocusing
amount 6-10 mm, and in-shield argon gas (shielding gas)
flow rate 20-25 L/min.

[0030] With the above methods of the present disclosure,
welding portion on a welded part formed by welding Fe
—Al intermetallic compound microporous material to
dense stainless steel, is firmly bonded and have high stabi-
lity, with a full and uniform weld seam and no defects such
as undercut, surface cracks, seam under-fill, obvious over-
lap, etc.

[0031] That is, in the welding method of the present dis-
closure, preferable is that:

[0032] (1) Fusion welding is performed using argon arc
welding, plasma welding or laser welding. High-qual-
ity welding between Fe—Al intermetallic compound
microporous material and solid stainless steel is accom-
plished by using welding wire and providing protection
with multi-channel shielding gas (i.e., welding shield-
ing gas from the welding torch itself and welding
shielding gas newly introduced into the shield) to a
joint area during the welding process. Further, through
optimization of process parameters, the present disclo-
sure can have better effect.

[0033] (2) Welding wire material adopts GCrMo91
(C<0.1%wt, Cr 8-10%wt, Mo<1%wt) heat-resistant
steel welding wire, ER310S welding wire or ERNiCr-
3 alloy, as welding filler.

[0034] In the above welding method of the present disclo-
sure, effective connection of Fe—Al intermetallic com-
pound microporous material to dense stainless steel is
achieved by optimizing welding wire, welding current,
welding speed, argon gas flow rate (after welding, tensile
strength of a sample is tested with a material universal test-
ing machine, hardness of a welding joint is tested with a
Broadway optical hardness tester, microstructure and mor-
phology, composition and phase composition of a welding
joint are observed and analyzed with a metallurgical micro-
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scope, scanning electron microscope, energy spectrum and
X-ray diffractometer, and based on that, a welding process is
optimized), as well as approaches for protecting welding
joint (i.e., welding shielding gas in a shield is introduced).
Weld tensile strength can reach 35-40 MPa, which is higher
than strength of ceramic filter material, and the tensile frac-
ture site located in a powder body heat-affected zone. Vibra-
tion-based bending fatigue strength of the welding joint is
greater than 300N, three-point flexural strength is greater
than 700N, and the fracture site is also located in a powder
body heat-affected zone immediately adjacent to a weld
seam. Weld seams are smooth in appearance, full and uni-
form, with no defects such as undercut, surface cracks, seam
under-fill, obvious overlap, internal cracks, slag inclusions,
etc.

[0035] In order to further describe the welding method of
the present disclosure with more clarity, given below are
specific implementation of the Fe—Al intermetallic com-
pound microporous material of the present disclosure in
the form of Fe;Al and FeAl intermetallic compound tubes
respectively, various examples of their welding to various
dense stainless steel connection rings, and their welding
results, wherein various specific implementation parameters
of actual welding processes are also set out in detail.

Example 1

[0036] Welding of Fe;Al intermetallic compound tube to
310S stainless steel connection ring is carried out, with
argon arc welding process parameters as follows: current
65A, voltage 12.4 V, welding speed 150 mm/min, argon
gas flow rate 20 L/min, in-shield argon gas flow rate 10-
15 L/min, and welding wire material adopting GCrMo91
(C<0.1%wt, Cr 8-10%wt, Mo<1%wt) heat-resistant steel
welding wire as welding filler. Resulting weld seam is full
and uniform, with no defects such as undercut, surface
cracks, seam under-fill, obvious overlap, internal cracks,
slag inclusions, etc., and weld tensile strength reaches
37 MPa.

Example 2

[0037] Welding of Fe;Al intermetallic compound tube to
310S stainless steel connection ring is carried out, with
argon arc welding process parameters as follows: current
70 A, voltage 12.4 V, welding speed 180 mm/min, argon
gas flow rate 20 L/min, in-shield argon gas flow rate 10-
15 L/min, and welding wire material adopting ER310S
welding wire as welding filler. Resulting weld seam is full
and uniform, with no defects such as undercut, surface
cracks, seam under-fill, obvious overlap, internal cracks,
slag inclusions, etc., and weld tensile strength reaches
39 MPa.

Example 3

[0038] Welding of Fe;Al intermetallic compound tube to
304 stainless steel connection ring is carried out, with argon
arc welding process parameters as follows: current 75 A,
voltage 12.4 V, welding speed 210 mm/min, argon gas
flow rate 20 [/min, in-shield argon gas flow rate 10-15 L/
min, and welding wire material adopting ERNiCr-3 welding
wire as welding filler. Resulting weld seam is full and uni-
form, with no defects such as undercut, surface cracks, seam
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under-fill, obvious overlap, internal cracks, slag inclusions,
etc., and weld tensile strength reaches 36 MPa.

Example 4

[0039] Welding of Fe;Al intermetallic compound tube to
304 stainless steel connection ring is carried out, with pro-
cess parameters as follows: plasma welding current 60 A,
argon gas flow rate 15 L/min, welding speed 180 mm/min,
ionized gas flow rate 1 L/min, and welding wire material
adopting ERNiCr-3 welding wire as welding filler. When
performing the welding, operations are as follows: firstly,
turning on “welding torch fuel-gas” and in-shield gas,
where in-shield argon gas flow rate is 20-25 L/min; then,
switching on a rotating mechanism of a plasma girth weld-
ing machine, adjusting welding torch position, pressing an
arc start switch, and accomplishing the welding by manual
filler-wire filling and full welding around whole perimeter;
cooling in the shield for 10 seconds, and then taking out the
welded filter. Resulting weld seam is full and uniform, with
no defects such as undercut, surface cracks, seam under-fill,
obvious overlap, internal cracks, slag inclusions, etc., and
weld tensile strength reaches 37 MPa.

Example 5

[0040] Welding of FesAl intermetallic compound tube to
316 stainless steel connection ring is carried out, with pro-
cess parameters as follows: plasma welding current 50 A,
argon gas flow rate 10 L/min, welding speed 150 mm/min,
ionized gas flow rate 1 L/min, and welding wire material
adopting ER310S welding wire as welding filler. When per-
forming the welding, operations are as follows: firstly, turn-
ing on “welding torch fuel-gas” and in-shield gas, where in-
shield argon gas flow rate is 20-25 L/min; then, switching on
a rotating mechanism of a plasma girth welding machine,
adjusting welding torch position, pressing an arc start
switch, and accomplishing the welding by manual filler-
wire filling and full welding around whole perimeter; cool-
ing in the shield for 10 seconds, and then taking out the
welded filter. Resulting weld seam is full and uniform,
with no defects such as undercut, surface cracks, seam
under-fill, obvious overlap, internal cracks, slag inclusions,
etc., and weld tensile strength reaches 35 MPa.

Example 6

[0041] Welding of Fe;Al intermetallic compound tube to
3108 stainless steel connection ring is carried out, with pro-
cess parameters as follows: plasma welding current 55 A,
argon gas flow rate 13 L/min, welding speed 160 mm/min,
ionized gas flow rate 1 [/min, and welding wire material
adopting ERNiCr-3 welding wire as welding filler. When
performing the welding, operations are as follows: firstly,
turning on “welding torch fuel-gas” and in-shield gas,
where in-shield argon gas flow rate is 20-25 L/min; then,
switching on a rotating mechanism of a plasma girth weld-
ing machine, adjusting welding torch position, pressing an
arc start switch, and accomplishing the welding by manual
filler-wire filling and full welding around whole perimeter;
cooling in the shield for 10 seconds, and then taking out the
welded filter. Resulting weld seam is full and uniform, with
no defects such as undercut, surface cracks, seam under-fill,
obvious overlap, internal cracks, slag inclusions, etc., and
weld tensile strength reaches 39 MPa.
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Example 7

[0042] Welding of Fe;Al intermetallic compound tube to
316L stainless steel connection ring is carried out, with laser
welding process parameters as follows: welding power
2.35 kw, welding speed 60 mm/min, wire feed speed
100 mm/s (without chamfer) or 85 mm/s (with chamfer),
welding duration 19.1 s at defocusing amount of 8§ mm, in-
shield argon gas flow rate 20-25 L/min, and welding wire
material adopting GCrMo91 (C<0.1%wt, Cr 8-10%wt,
Mo<1%wt) heat-resistant steel welding wire as welding fil-
ler. Resulting weld seam is full and uniform, with no defects
such as undercut, surface cracks, seam under-fill, obvious
overlap, internal cracks, slag inclusions, etc., and weld ten-
sile strength reaches 35 MPa.

Example 8

[0043] Welding of Fe;Al intermetallic compound tube to
310S stainless steel connection ring is carried out, with laser
welding process parameters as follows: welding power
2 kw, welding speed 50 mm/min, wire feed speed
100 mm/s (without chamfer) or 85 mm/s (with chamfer),
defocusing amount 6 mm, in-shield argon gas flow rate 20-
25 L/min, and welding wire material adopting GCrMo91
(C<0.1%wt, Cr 8-10%wt, Mo<1%wt) heat-resistant steel
welding wire as welding filler. Resulting weld seam is full
and uniform, with no defects such as undercut, surface
cracks, seam under-fill, obvious overlap, internal cracks,
slag inclusions, etc., and weld tensile strength reaches
37 MPa.

Example 9

[0044] Welding of Fe;Al intermetallic compound tube to
304 stainless steel connection ring is carried out, with laser
welding process parameters as follows: welding power
3 kw, welding speed 100 mm/min, wire feed speed
100 mm/s (without chamfer) or 85 mm/s (with chamfer),
defocusing amount 10 mm, in-shield argon gas flow rate
20-25 L/min, and welding wire material adopting ERNiCr-
3 welding wire as welding filler. Resulting weld seam is full
and uniform, with no defects such as undercut, surface
cracks, seam under-fill, obvious overlap, internal cracks,
slag inclusions, etc., and weld tensile strength reaches
39 MPa.

Example 10

[0045] Welding of FeAl intermetallic compound tube to
310S stainless steel connection ring is carried out, with pro-
cess parameters as follows: plasma welding current 58 A,
argon gas flow rate 15L/min, welding speed 160 mm/min,
ionized gas flow rate 1L/min, and welding wire material
adopting ERNiCr-3 welding wire as welding filler. When
performing the welding, operations are as follows: firstly,
turning on “welding torch fuel-gas” and in-shield gas,
where in-shield argon gas flow rate is 20-25 L/min; then,
switching on a rotating mechanism of a plasma girth weld-
ing machine, adjusting welding torch position, pressing an
arc start switch, and accomplishing the welding by manual
filler-wire filling and full welding around whole perimeter;
cooling in the shield for 10 seconds, and then taking out the
welded filter. Resulting weld seam is full and uniform, with
no defects such as undercut, surface cracks, seam under-fill,

Apr. 20, 2023

obvious overlap, internal cracks, slag inclusions, etc., and
weld tensile strength reaches 38 MPa.

[0046] It should be noted that, based on the above detailed
description of the present disclosure, a person skilled in the
art can fully and clearly envisage similar embodiments for
other Fe—Al intermetallic compounds, such as FeAl,,
Fe,Als, FeAls, etc.; furthermore, in the present disclosure,
although argon gas is used as welding shielding gas, a per-
son skill in the art can fully understand other embodiments
using similar inert welding shielding gas. Therefore,
description of them will be omitted.

[0047] The foregoing descriptions are merely specific
implementation manners of the present disclosure, but are
not intended to limit the protection scope of the present dis-
closure. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed in the present disclosure shall fall within the protec-
tion scope of the present disclosure. Therefore, the protec-
tion scope of the present disclosure shall be subject to the
protection scope of the claims.

1-20. (canceled)

21. A method for welding Fe—Al intermetallic compound
microporous material to dense stainless steel, wherein, the
welding method comprises the steps of:

turning on “welding torch fuel-gas” of a fusion-welding

machine, and turning on welding shielding gas in a
shield;

adjusting welding parameters of the welding machine and

parameter of the welding shielding gas in the shield fora
fusion welding process;
switching on the welding machine, and using welding wire
as welding filler to perform welding of the Fe—Al inter-
metallic compound microporous material to dense stain-
less steel; and cooling after completion of the welding;

the fusion welding adopts plasma welding, and the welding
parameters of the welding machine are adjusted as fol-
lows: welding current 50-60 A, argon-gas flow rate 10-
15 L/min, welding speed 150-180 mm/min, ionized gas
flow rate 120.1 L/min, meanwhile, the parameter of the
welding shielding gas in the shield is adjusted to: shield-
ing-gas flow rate 20-25 L/min.

22. The welding method according to claim 21, wherein,
the welding wire adopts GCrMo91 welding wire, ER310S
welding wire or ERNiCr-3 welding wire, where the composi-
tion in GCrMo91 are C <0.1%wt, Cr 8~10%wt, Mo<1%wt.

23. The welding method according to claim 21, wherein,
Fe3Al intermetallic compound microporous tubular filter
material is adopted and welded to a dense-stainless-steel con-
nection ring.

24. The welding method according to claim 21, wherein,
when welding the Fe—Al intermetallic compound micropor-
ous material to dense stainless steel, the welding is accom-
plished by filler-wire filling and full welding around whole
perimeter.

25. The welding method according to claim 21, wherein,
after completion of welding, cooling is implemented in the
shield for atleast 10 seconds.

26. A method for welding Fe—Al intermetallic compound
microporous material to dense stainless steel, wherein, the
welding method comprises the steps of:

turning on “welding torch fuel-gas” of a fusion-welding

machine, and turning on welding shielding gas in a
shield;
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adjusting welding parameters of the welding machine and
parameter of the welding shielding gas in the shield fora
fusion welding process;

switching on the welding machine, and using welding wire

as welding filler to perform welding of the Fe—Al inter-
metallic compound microporous material to dense stain-
less steel; and

cooling after completion of the welding;

the fusion welding adopts laser welding, and the welding

parameters of the welding machine are adjusted as fol-
lows: welding power 2-3 kw, welding speed 50-100 mm/
min, wire feed speed 85-100mm/s, and defocusing
amount 6-10 mm, meanwhile, the parameter of the weld-
ing shielding gas in the shield is adjusted to: shielding gas
flow rate 20-25 L/min.

27. The welding method according to claim 26, wherein,
the welding wire adopts GCrMo91 welding wire, ER310S
welding wire or ERNiCr-3 welding wire, where the composi-
tion in GCrMo91 are C < 0.1%wt, Cr 8~10%wt, Mo<1%wt.

28. The welding method according to claim 26, wherein,
Fe3Al intermetallic compound microporous tubular filter
material is adopted and welded to a dense-stainless-steel con-
nection ring.

29. The welding method according to claim 26, wherein,
when welding the Fe—Al intermetallic compound micropor-
ous material to dense stainless steel, the welding is accom-
plished by filler-wire filling and full welding around whole
perimeter.

30. The welding method according to claim 26, wherein,
after completion of welding, cooling is implemented in the
shield for at least 10 seconds.

31. Awelded part made by the welding method according to
claim 21.

32. The welded part made by the welding method according
claim 31, wherein, the welding wire adopts GCrMo91 weld-
ing wire, ER310S welding wire or ERNiCr-3 welding wire,
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where the composition in GCrMo91 are C < 0.1%wt, Cr
8~10%wt, Mo<1%wt.

33. The welded part made by the welding method according
claim 31, wherein, Fe3 Al intermetallic compound micropor-
ous tubular filter material is adopted and welded to a dense-
stainless-steel connection ring.

34. The welded part made by the welding method according
claim 31, wherein, when welding the Fe—Al intermetallic
compound microporous material to dense stainless steel, the
welding is accomplished by filler-wire filling and full welding
around whole perimeter.

35. The welded part made by the welding method according
claim 31, wherein, after completion of welding, cooling is
implemented in the shield for at least 10 seconds.

36. The welded part made by the welding method according
to 26.

37. The welded part made by the welding method according
to 36, wherein, the welding wire adopts GCrMo91 welding
wire, ER310S welding wire or ERNiCr-3 welding wire,
where the composition in GCrMo91 are C < 0.1%wt, Cr
8~10%wt, Mo<1%wt.

38. The welded part made by the welding method according
to 36, wherein, Fe3Al intermetallic compound microporous
tubular filter material is adopted and welded to the dense-
stainless-steel connection ring.

39. The welded part made by the welding method according
to 36, wherein, when welding the Fe—Al intermetallic com-
pound microporous material to dense stainless steel, the weld-
ing is accomplished by filler-wire filling and full welding
around whole perimeter.

40. The welded part made by the welding method according
to 36, wherein, after completion of welding, cooling is imple-
mented in the shield for at least 10 seconds.
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