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(57) ABSTRACT 

Disclosed are a structure of multi-layered clad plates and 
sheets for corrosion resistance and a fabricating method 
thereof. Provided are clad plates and sheets for corrosion 
resistance in which Ni, Co, Ti, Ni, V, and Zr having an 
excellent corrosion resistance, or an alloy thereof are bonded 
to cheap Fe, Cu, or an alloy thereof. Chemical compositions 
of the clad metals and Structures of the clad plates and sheets 
are easily modified with Service conditions of the clad plates 
and sheets. Also, this invention provides a more cost 
effective method based on a... resistance Seam welding pro 
ceSS for fabricating the corrosion-resistant clad plates and 
sheets. 
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CLAD SHEETS FOR CORROSION RESISTANCE 
AND FABRICATING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to clad plates and/or 
sheets with an excellent corrosion resistance property and a 
fabricating method thereof. 
0.003 2. Description of the Background Art 

0004 Clad plates and/or sheets are composed of a clad 
metal and a Substrate. For corrosion-resistant clad plates, the 
clad metal can be Selected among the following materials 
due to their excellent corrosion resistance, Stainless Steels, 
Ni, Nialloys, Co, Co alloys, Ti, Ti alloys, Ta, Ta alloys, Nb, 
Nb alloys, V, V alloys, Zr, and Zr alloys. The substrate can 
be selected among the Fe, Fe alloys, Cu, and Cu alloys 
which have enough mechanical properties for constructing, 
a structure. The corrosion-resistant clad plates are used as a 
core material for heat eXchangers, reaction vessels for 
chemical plants, ships, paper industries, constructions, 
bridges, pressure vessels, desalination and electric facilities, 
flue gas desulfurization plants, etc. 

0005 The clad plate consists of two layers of a clad 
metal/a Substrate or three layers of a clad metal/an insert 
metal/a Substrate, or more than three layers of a clad 
metal/insert metals/a Substrate. The thickneSS of the clad 
metal is in the range of 5% and 50% of that of the Substrate. 
0006. A basic function of the clad metal is to protect the 
Substrate from the environment Such as corrosion, chemi 
cals, heat, Wear, etc. 

0007. The insert metal layers takes a role of increasing 
the bonding Strength between the clad metal and the Sub 
Strate. The insert metal layerS restrain a movement of 
elements such as Fe and C towards the clad metal from the 
Substrate and prevent generation of the carbides and inter 
metallic compounds which make the interface between the 
clad metal and the Substrate brittle. 

0008. The substrate should have enough mechanical 
properties to Support the building Structures. 

0009. The clad plates and sheets have been fabricated 
mainly by a roll bonding, an explosives welding, a spot 
welding, and a resistance Seam welding. Among these 
methods, the resistance Seam welding is known to be the 
cheapest method for fabricating the large-area clad plates 
and Sheets. The explosive welding, the roll bonding, the Spot 
welding, and the resistance Seam welding have the following 
advantages and disadvantages. 

0.010 The explosive welding: Since the substrate and the 
clad metal are bonded within a short time by an explosive 
energy of a gunpowder, the insert metal layer is not needed 
and the explosive welding method gives the most excellent 
bonding Strength. However, a fabricating cost is expensive, 
a factory installation site is limited by a loud explosive noise 
generated at the time of the gunpowder explosion, and it is 
impossible to fabricate a large sheet and a thin Sheet. Also, 
in case that the Substrate is a thin plate, the Substrate can be 
distorted by an explosive force of the gunpowder, thereby 
lowering ductility. 
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0011. The roll bonding: The roll bonding, which bonds 
the Substrate and the clad metal using a rolling mill, can 
fabricate the large clad plates and sheets cheaply. 
0012 However, it requires an expensive installation cost 
(the rolling mill and a vacuum furnace). Also, since the 
bonding is performed at a high temperature, the brittle 
carbides and intermetallic compounds can be easily gener 
ated at the interface between the base metal and the clad 
metal. 

0013 The spot welding: Since the spot welding has to be 
performed many times in order to fabricate the clad plates 
and sheets having an excellent bonding. Strength, much time 
is required to the bonding, a bonding Strength is low, and a 
complete Sealing between the clad metal and the Substrate is 
difficult. 

0014. The resistance seam welding: Since the substrate 
and the clad metal are placed between two electrodes and 
then an electric current and a preSSure are simultaneously 
applied to the electrodes to bond the Substrate and the clad 
metal within a short time, a bonding portion is Scarcely 
oxidized. Also, the large clad plates and sheets of a circle 
shape and a Straight line shape having an excellent bonding 
Strength can be fabricated, and an installation cost and a 
fabricating cost are the cheapest. 

0015. In Japanese Showa Entetsu, the clad plates and 
sheets having a structure of the clad metal/the insert metal 
(net/thin sheet)/the Substrate is fabricated by the resistance 
Seam welding and used as a raw material of a heat 
eXchanger, a chemical plant, and a flue gas desulfurization 
lining. In case that the clad plates and sheets for corrosion 
resistance is fabricated by a method developed in the Japa 
nese Showa Entetsu, the metal net is Stuck into the clad 
metal, So that the thickness of clad metal layer becomes 
thinner and the bonding Strength between the clad metal and 
the Substrate is lowered due to incomplete bonding. 
0016 On the other hand, in Korean Jungwon engineering 
company, C276/Steel clad plates and sheets having an excel 
lent bonding strength (300-36 MPa) are, being produced by 
the resistance Seam welding. The C276/Steel clad plates and 
sheets are being used as a raw material of a flue gas 
deSulfurization chimney lining. Recently, Jungwon devel 
oped the technique based on the resistance Seam welding for 
manufacturing Ti/steel clad plates and sheets. However, the 
interface between Ti and Steel was uneven and the bonding 
strength was 200 MPa, lower than that of the C276/steel clad 
plates and sheets. Such a low bonding Strength can result in 
the Separation of the Ti clad metal and the Steel Substrate 
when the Ti/Steel clad plates are used in a real plant. 
Accordingly, in order to commercialize the corrosion-resis 
tant clad plates and sheets which are composed of the 
corrosion-resistant clad metal (Ni alloys, Co alloys, Ti, Ta, 
Nb, V, Zr, etc.) and the substrate (Fe, Fe alloys, Cu, Cu 
alloys), the interface bonding has to be excellent and a 
fabricating technique for the clad plates and sheets having an 
excellent bonding Strength is required. 

0017. In the conventional method for fabricating the clad 
plates and sheets, the insert metal layer is inserted between 
the metal and the Substrate and then at high temperatures 
heat or heat/pressure is applied, So that the different metals 
are bonded by a solid state diffusion reaction between the 
clad metal and the insert metal layer or the insert metal layer 
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and the Substrate. Accordingly, in case of fabricating the clad 
plates and sheets by bonding the clad metal which is not 
easily bonded like Ti to the different substrate metal, the 
bonding is insufficient and the bonding Strength is low. 
Especially, in the resistance Seam method, the clad metal 
sheet to be bonded and an electrode have to be contacted 
within a short time and bonded within a short time by the 
Solid State diffusion, thereby having a problem in bonding 
completely. Also, in order to use the clad plates and sheets 
widely, the bonding Strength has to be excellent and a cost 
of the clad plates and sheets has to be cheap. 

SUMMARY OF THE INVENTION 

0.018. Therefore, an objective of the present invention is 
to provide clad plates and sheets having an excellent bond 
ing Strength between the clad metal and the Substrate. 

0.019 Another objective of the present invention is to 
provide a fabricating method of the clad plates and sheets by 
which a bonding is performed Within a short time and a 
fabricating cost is reduced. 

0020 Still another objective of the present invention is to 
provide the clad plates and sheets for corrosion resistance 
having an excellent bonding Strength by a resistance Seam 
welding, in which another metal having an eutectic reaction 
with the clad metal is inserted as an insert metal layer with 
one layer or multi-layers between the clad metal and the 
Substrate and then an electric current and a pressure are 
Simultaneously applied. 

0021. The foregoing and other objectives, features, 
aspects and advantages of the present invention will become 
more apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The accompanying drawings, which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with 
the description Serve to explain the principles of the inven 
tion. 

0023 
0024 FIG. 1A is a schematic sectional view showing a 
Structure of clad plates and sheets according to the present 
invention; 

In the drawings: 

0.025 FIG. 1B is a schematic sectional view showing 
another Structure of clad plates and sheets according to the 
present invention; 

0.026 FIG. 1C is a schematic sectional view showing 
Still another Structure of clad plates and sheets according to 
the present invention; 

0027 FIGS. 2A and 2B are microstructures of the cross 
section of Ti/Ni/Fe clad plates fabricated by the present 
invention; 

0028 FIGS. 3A and 3B are microstructures of the cross 
section of Ti/Cu/Fe clad plates fabricated by the present 
invention; 
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0029 FIGS. 4A and 4B are structure photos of Ti/Cu/ 
Ni/Fe clad sheets fabricated by the present invention; and 
0030 FIGS.5A and 5B are microstructures of the cross 
section of Ti/Stainless-Net/Ni/Fe clad plates fabricated 
according to the conventional art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0031 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 
0032. In the corrosion-resistant clad plates and sheets, 
another metals called as insert metals, which result in a 
eutectic reaction with the clad metal and form a low melting 
eutectic phase, are inserted to an interface between the clad 
metal and the Substrate. Occurrence of the eutectic reaction 
helps the clad metal quickly bond to the Substrate through 
the insert metal layer and improves the bonding Strength in 
the clad plates. In the present invention, the eutectic reaction 
can be occurred at an interface between the clad metal and 
the Substrate or at an interface between the clad metal and 
the metal layer inserted between the clad metal and the base 
metal and the clad metal, thereby promoting to make an 
alloy between different metals and obtaining an excellent 
bonding. The intermediate layer inserted between the clad 
metal and the base metal reacts with the clad metal to 
perform a low melting point eutectic reaction. Also, different 
insert metals can be selected according to types of the clad 
metal and the Substrate in order to have an excellent bond 
Ing. 

0033. The present invention has two main characteristics. 
First, Structures of the clad plates and sheets have to be 
designed to induce an eutectic reaction at the interface 
between the clad metal and the insert metal layer. Second, 
the eutectic reaction is generated at the interface between the 
clad metal and the insert metal layer or at the interface 
between the clad metal and the Substrate by properly con 
trolling a processing factor of the resistance Seam welding; 
thereby fabricating the corrosion-resistant clad plates and 
sheets having an excellent bonding Strength. 
0034) Besides the resistance seam welding, the corrosion 
resistant clad plates and sheets can be fabricated by an 
explosive welding, a roll bonding, or a mixing method 
thereof for additionally rolling the clad plates and sheets 
fabricated by the explosive welding. Among these methods, 
the resistance Seam welding has an excellent cost competi 
tiveneSS Since the large-sized clad plates and sheets are 
fabricated cheaply by the method. 
0035 Astructure of the clad plates and sheets is a double 
layered Structure composed of the clad metal and the Sub 
Strate or a multi-layered Structure composed of the clad 
metal, the insert metal layer, and the Substrate. 
0036) As the clad metal, Ti, Ti alloys, Nb, Nb alloys, V. 
Valloys, Zr, or Zr alloys are suitable. As the substrate, Fe or 
Fe alloys, Cu or Cu alloys, Nior Nialloys are suitable. The 
insert metal layer placed between the clad metal and the 
substrate includes Co, Co alloys, Cu, Cu alloys, Fe, Fe 
alloys, Ni, or Ni alloys, but it is not limited to these. 
According to kinds of the clad metal, the insert metal layer 
can be differently selected. For example, Fe- and Ni-based 
amorphous alloys, Ag-Cu alloys, Ag-Cu-Zn alloys, 
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Cu-Ni alloys, Cu-Zn alloys, Cu-Ni-Zn alloys, etc., 
which are widely used as a raw material for brazing, can also 
be used as the insert metal layer. 
0037 To fabricate the corrosion-resistant clad plates and 
sheets having an excellent bonding Strength, first of all, an 
oxidized layer on the clad metal is removed by a shot 
pinning process. As a Stack Structure of the clad plates and 
sheets, the i insert metal layer is Stacked on the Substrate and 
thereon the clad metal is Stacked. To the Stacked plates and 
sheets, an electric current and a pressure are simultaneously 
applied, thereby fabricating the multi-layered clad plates and 
sheets for corrosion resistance having an excellent bonding 
strength (on the average, more than 250 MPa). 
0.038 A schematic structure of the multi-layered clad 
plates and sheets is shown in FIGS. 1A to 1C. In case that 
the clad metal and the Substrate react together to form a 
low-melting eutectic phase, the clad metal 1 can be directly 
bonded to the substrate 3 without any insert metal layer and 
then the eutectic reaction layer 4 is generated at the interface 
between the clad metal 1 and the base metal 3, thereby 
having a structure of the clad metal, the eutectic reaction 
layer, and the Substrate. 
0039. In case that the clad metal and the substrate do not 
react each other, as shown in FIG. 1B, the insert metal layer 
2 having the eutectic reaction with the clad metal is placed 
to the interface between the clad metal 1 and the base metal 
3, thereby having a four-layer Structure of the clad metal, the 
eutectic reaction layer, the insert metal layer, and the Sub 
Strate. 

0040. In the meantime as shown in FIG. 1C, the insert 
metal layer placed to the interface between the clad metal 
and the Substrate can be constructed as a multi-layered 
Structure more than two layers. In case that the insert metal 
layerS 2a and 2b more than two layers are placed to the 
interface between the clad metal 1 and the base metal 3, as 
shown in FIG. 1C, the eutectic reaction layer 4 has to be 
indispensably formed at a contact part between the clad 
metal 1 and the insert metal layer 2a. However, the eutectic 
reaction layer does not have to be indispensably formed at 
the interface between the insert metal layer 2a and the other 
insert metal layer 2b and at the interface between the insert 
metal layer 2b and the substrate 3. The insert metal layer 2b 
contacted to the Substrate can be constructed as one layer or 
multi-layerS more than two layers. 
0041. The fabricating conditions for the multi-layered 
clad plates and sheets for corrosion resistance are Summa 
rized as follows: 

0042 a size of the substrate (lengthxwidth:xthick 
ness): 2000x1000x(5-25) mm 

0043 a size of the clad metal (lengthxwidthxthick 
ness): 2000x1000x(0.5-3.0) mm 

0044) a size of the insert metal layer (lengthxwidth:x 
thickness): 2000x(15-40)x(0.01-0.15)mm 

0.045 electric current: 7000-25000 A 
0046) 
0047 
0048) 
0049) 

welding time: 5-40 cycle/sec 
cooling time: 5-40 cycle/Sec 
applied pressure: 1-1500 kg f/m’ 
kinds of electrode: Cu or Cu alloys 
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0050 electrode-thickness: 5-30 mm 
0051 welding speed:50-100 mm/min 

0052 By using the resistance seam welding process, the 
corrosion resistant clad plates and sheets having an excellent 
shear strength (200-300 MPa) can be fabricated. 
0053. In the present invention, the eutectic reaction is 
occurred at the interface between the clad metal and the 
Substrate or the clad metal and the insert metal layer to bond 
the different metals, So that the insert metal layer contacted 
to the clad metal has to be pure metals or alloys thereof 
which causes the eutectic reaction with the clad metal. Even 
if the insert metal layer placed between the clad metal and 
the substrate can be dependent on kinds of the metal to be 
bonded, the following metals can be usually Selected as the 
insert metal layer: Ni, Ni alloys, Co, Co alloys, Cu, Cu 
alloys, Fe, Fe alloys, etc. 
0054 Hereinafter, the present invention will be explained 
with the preferred embodiments. 
0055) Preferred Embodiment 1: the Clad Sheets 
0056 Since Cu (pure Cu or a Cu-alloy) and Ni (pure Ni 
or a Ni-alloy) react with Ti to form a low-melting eutectic 
phase, one of them or a Stack of the Cu and Ni Sheets is 
inserted to an interface between the Ti (pure Tior a Ti-alloy) 
and the Substrate (Fe, a Fe-alloy, Cu, a Cu-alloy, Ni, or a 
Ni-alloy). Then, by using the resistance Seam welding, the 
multi-layered clad plates and sheets are fabricated. At this 
time, a used electric current is 11~13 kA and a pressure is 
3-5 kgf/cm°. 
0057. As shown in FIG. 1, when the Ti and Cu (pure Cu 
bra Cu-alloy) is used as a clad metal and a Substrate, 
respectively, a structure of the clad plates becomes one 
among the stacks of Ti/Cu, Ti/Ni/Cu, and Ti/Cu/Ni/Cu. In 
case that Ni (pure Ni, or an Ni-alloy) or Fe (pure Fe, or an 
Fe-alloy) is used as the Substrate, a structure of the clad 
plates becomes one among the stacks of Ti/Ni, Ti/Cu/Ni, and 
Ti/Ni/Cu/Ni or of Ti/Fe, Ti/Cu/Fe, Ti/Ni/Fe, Ti/Cu/Ni/Fe, 
and Ti/Ni/Cu/Fe, respectively. Herein, the Ti, Cu, Ni, Fe 
mean pure metals or alloys. The Cu, the Ni, and the Fe react 
with the Ticlad metal to form the low-melting eutectic phase 
and can be bonded to the Ti without any insert metal layers. 
0.058 However, direct bonding of the Fe and the Ti(FIG. 
1A structure) is not easy, because brittle products are formed 
at a high temperature. This problem can be Solved by 
selecting a proper insert metal layer as shown in FIGS. 1B 
and 1C. 

0059. In case that the pure Cu or a Cu alloy is used as an, 
insert metal layer, Cu can diffuse to the Fe Substrate along 
its grain boundary. It causes the grain boundary brittleneSS 
of the Fe substrate and hence it is not proper to fabricate the 
clad plates and sheets shown in FIG. 1B by using only Cu 
as the insert metal layer. Accordingly, when the Ti is used as 
the clad metal, proper Structures of the clad plates and sheets 
are Ti/Cu, Ti/Ni, Ti/Ni/Fe, Ti/Cu/Ni, Ti/Ni/Cu, Ti/Cu/Ni/Fe, 
Ti/Cu/Ni/Cu, and Ti/Ni/Cu/Ni; because these structures do 
not cause the brittleneSS at the interface between the clad 
metal and the insert metal layer or the interface between the 
insert metal layer and the Substrate. 
0060 Also, the lowest eutectic temperatures in Ti-Cu 
and Ti-Ni binary systems are 880 and 942 C., respec 
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tively, which are lower than 1085 C. corresponding to the 
lowest eutectic temperature in the Ti-Fe binary System. 
Accordingly, if Cu- or Ni-based insert metal layer is used, a 
bonding is possible at a temperature lower than that of a 
direct bonding of the Ti and the Fe without using any insert 
metal layers (Refer to Table 1). 
0061 FIGS. 2A and 2B are microstructures of the cross 
section of Ti/Ni/Fe clad plates fabricated by the present 
invention, FIGS. 3A and 3B are microstructures of the 
cross-section of Ti/Cu/Fe clad plates fabricated by the 
present invention, FIGS. 4A and 4B are microstructures of 
the cross-section of Ti/Cu/Ni/Fe clad plates fabricated by the 
present invention, and FIG. 5 is microstructures of the 
cross-section of Ti/stainless-net/NF/Fe clad plates fabricated 
by the conventional art. 
0.062. In the clad plates fabricated according to the 
present invention, it is clearly observed that the eutectic 
reaction layer is formed at the interface between the Ti clad 
metal and the insert metal layer. It shows different micro 
structures from that observed in the clad plates fabricated by 
the conventional art. 

TABLE 1. 

Stacking structures for the clad plates and sheets 
and eutectic temperatures between the Ti clad metal 

and the insert metal or substrate. 

Insert metal Eutectic 
Clad metal layer Substrate temperature, C. Peeling off 

T X Fe 1085 No 
T X Cu 88O No 
T X N 942 No 
T N Fe 942 No 
T Cu Fe 88O No 
T Cu N 88O No 
T N Cu 942 No 
T Cu/Ni Fe 88O No 
T Cu/Ni Cu 88O No 
T Ni?cu Fe 942 No 
T Ni?cu N 942 No 

0.063 As shown in table 1, Ti, Cu, Ni, and Fe are pure 
metals or alloys whose main components are themselves, 
and Cu/Ni and Ni/Cu indicate that the insert metal layer is 
constructed as two layers. 
0064 Preferred Embodiment 2. Zr Clad Plates and Sheets 
0065 Cu (pure Cu or a Cu-alloy), Ni (pure Ni or an 
Ni-alloy), and Co (pure Co or a Co-alloy) are inserted to an 
interface between Zr(pure Zr or a Zr-alloy) and the substrate 
(Fe, an Fe-alloy, Cu, a Cu-alloy, Ni, or an Ni-alloy) inde 
pendently or together one another, thereby Stacking with 
multi-layers. Then, by using the resistance Seam welding, 
the clad plates and sheets are fabricated. At this time, a used 
electric current is 11-13 kA and a pressure is 3-5 kgf/cm. 
0.066 As shown in table 2, a structure of the Zr clad plates 
and sheets is Zr/Cu, Zr/Ni/Cu, Zr/Co/Cu, and Zr/Fe/Cu in 
case that the Substrate is Cu (pure Cu, or a Cu-alloy), Zr/Ni, 
Zr/Cu/Ni, Zr/Co/Ni, Zr/Fe/Ni, Zr/Co/Fe/Ni, Zr/Fe/Co/Ni, 
Zr/Cu/Fe/Ni, and Zr/Fe/Cu/Ni in case that the Substrate is Ni 
(pure Ni, or an Ni-alloy), and Zr/Fe, Zr/Cu/Fe, Zr/Ni/Fe, 
Zr/Cu/Ni/Fe, Zr/Ni/Cu/Fe, Zr/Co/Fe, Zr/Co/Ni/Fe, and 
Zr/Ni/Co/Fe in case that the substrate is Fe (pure Fe, or an 
Fe-alloy). Herein, the Zr, Co, Cu, Ni, and Fe mean pure 
metals or alloys. 
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0067 Since Fe, an Fe-alloy, Cu, or a Cu-alloy react with 
Zr to form a low-melting eutectic phase, the insert metal 
layer does not have to be inserted to fabricate the two-layer 
clad plates and sheets. 
0068. In the table 2, Zr, Co, Cu, Ni, and Fe are pure 
metals and alloys whose main components are themselves, 
and Cu/Ni, Ni/Cu, Co/Cu, Cu/Co, Co/Fe, Fe/Co, Co/Ni, and 
Ni/Co indicate that the insert metal layer is constructed as 
two layers. And Cu/Ni/Co, Cu/Co/Ni, Ni/Cu/Co, Ni/Co/Cu, 
Co/Cu/Ni, and Co/Ni/Cu indicate that the insert metal layer 
is constructed as three layers. 
0069 Preferred Embodiment 3. Nb Clad Plates and 
Sheets 

0070 Ni (pure Ni or an Ni-alloy) and Co (pure Co or a 
Co-alloy) having an eutectic reaction with Nb are inserted 
between Nb (pure Nb or an Nb-alloy) and the substrate is 
(Fe, an Fe-alloy, Ni, or an Ni-alloy) independently or 
together, thereby Stacking with multi-layers. Then, by using 
the resistance Seam welding, the clad plates and sheets. are 
fabricated. At this time, a used electric current is 11-13 kA 
and a pressure is 3-5 kgf/cm. 
0071. As shown in table 3, a structure of the Nb clad 
plates and sheets is Nb/Fe, Nb/Ni, Nb/Co/Fe, Nb/Co/Ni, 
Nb/Ni/Fe, Nb/Co/Ni/Fe, Nb/Ni/Co/Fe, and Nb/Ni/Co/Ni. 
Herein, Nb, Co, Ni, and Fe are pure metals or alloys. 
0072 Since the eutectic temperatures of the Nb-Ni, 
Nb-Co, and Nb-Fe binary systems are 1175, 1237, and 
1371. C., respectively. This means that use of Co or Nias 
the insert metal is more Suitable in terms of lowering the 
bonding temperature. 

0073. Since Fe or an Fe-alloy react with Nb to form a 
low-melting eutectic phase, two-layer clad plates and sheets 
of Nb/Fe without the insert metal layer such as Nior Co can 
be fabricated. 

0074. However, use of Co or Ni as the insert metal is 
more suitable, because the eutectic temperature in Fe-Nb 
binary is as high as 1371 C. 
0075). In the table 3, Nb, Co, Ni, and Fe are pure metals 
and alloys whose main components are themselves, and 
Ni/Co and Co/Ni indicate that the insert metal layer is 
constructed as two layers. 

TABLE 2 

Stacking structures for the clad plates and sheets 
and eutectic temperatures between the Zr clad metal 

and the insert metal or substrate. 

Insert metal Eutectic 
Clad metal layer Substrate temperature, C. Peeling off 

Zr X Fe 928 No 
Zr X Cu 890 No 
Zr X N 96.O No 
Zr Co Fe 981 No 
Zr Co Cu 981 No 
Zr Co N 981 No 
Zr Cu Fe 88O No 
Zr Cu N 890 No 
Zr N Fe 96.O No 
Zr N Cu 96.O No 
Zr Cu/Ni Cu 88O No 
Zr Cu/Ni Fe 88O No 



US 2005/0156014 A1 

TABLE 2-continued 

Stacking structures for the clad plates and sheets 
and eutectic temperatures between the Zr clad metal 

and the insert metal or substrate. 

Insert metal Eutectic 
Clad metal layer Substrate temperature, C. Peeling off 

Zr Ni?cu Fe 96.O No 
Zr Ni?cu N 96.O No 
Zr CofCu N 98 No 
Zr CofCu Fe 98 No 
Zr CufCo N 890 No 
Zr CufCo Fe 890 No 
Zr CufCo Cu 890 No 
Zr CofFe N 98 No 
Zr CofFe Cu 98 No 
Zr Fe/Co Fe 928 No 
Zr Fe/Co N 928 No 
Zr Fe/Co Cu 928 No 
Zr Co/Ni Fe 98 No 
Zr Co/Ni Cu 98 No 
Zr Ni/Co Fe 96.O No 
Zr Ni/Co N 96.O No 
Zr Ni/Co Cu 96.O No 
Zr Cu/Ni/Co Fe,Ni,Cu 890 No 
Zr CufCO/Ni Fe,Ni,Cu 890 No 
Zr Ni?cu?Co Fe,Ni,Cu 96.O No 
Zr Ni?co/Cu Fe,Ni,Cu 96.O No 
Zr CofCu/Ni Fe,Ni,Cu 981 No 
Zr Cof Ni?Cu Fe,Ni,Cu 981 No 

0076) 

TABLE 3 

Stacking structures for the clad plates and sheets 
and eutectic temperatures between the Nb clad metal 

and the insert metal or substrate. 

Insert metal Eutectic 
Clad metal layer Substrate temperature, C. Peeling off 

Nb X Fe 1371 No 
Nb X N 1175 No 
Nb Co Fe 1237 No 
Nb Co N 1237 No 
Nb N Fe 1175 No 
Nb Ni/Co Fe 1175 No 
Nb Ni/Co N 1175 No 
Nb Co/Ni Fe 1237 No 

0077 Preferred Embodiment 4. V Clad Plates and Sheets 
0078 Ni (pure Ni or an Ni-alloy) and Co (pure Co or a 
Co-alloy) having an eutectic reaction with V are inserted 
between V (pure V or a V-alloy) and the substrate (Fe, an 
Fe-alloy, Ni, or an Ni-alloy) independently or together, 
thereby Stacking with multi-layers. Then, by using the 
resistance Seam welding, the clad plates and sheets are 
fabricated. At this time, a used electric current is 11-13 kA 
and a pressure is 3-5 kgf/cm. 
0079. As shown in table 4, a structure of the V clad plates 
and sheets is V/Ni, V/Co/Fe, V/Ni/Fe, V/Co/Ni/Fe, V/Ni/ 
Co/Fe, and V/Ni/Co/Ni. Herein, V, Co, Ni, and Fe are pure 
metals and alloys thereof. The eutectic temperatures of 
V-Ni and V-Co binary systems are 1205 and 1248 C. 
respectively, and by inserting the insert metal layer Such as 
Co or Ni to the interface between the V and the Fe-alloy, the 
V clad plates and sheets are fabricated. 
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0080. In the table 4, V, Co, Ni, and Fe are pure metals and 
alloys whose main components are themselves, and Ni/Co 
and Co/Ni indicate that the insert metal layer is constructed 
as two layers. 

TABLE 4 

Stacking structures for the clad plates and sheets 
and eutectic temperatures between the V clad metal 

and the insert metal or substrate. 

Eutectic 
Clad metal Intermediate Substrate temperature Peeling off 

V X N 12O2 No 
V Co Fe 1248 No 
V N Fe 12O2 No 
V Ni?co Fe 12O2 No 
V Ni?co N 12O2 No 
V Co/Ni Fe 1248 No 

0081. According to the present invention, a technique to 
fabricate the corrosion-resistant clad plates and sheets with 
a cheap cost was developed. Especially, in the present 
invention, the expensive thin clad metals such as Ti, Nb, V, 
and Zr are bonded to the cheap Fe, an Fe-alloy, Cu, a 
Cu-alloy, Ni, or an Ni-alloy, thereby reducing a fabricating 
cost of the corrosion-resistant clad plates and sheets by 
application of the resistance Seam welding process. Also, by 
inserting the insert metal layer between the clad metal and 
the Substrate, the clad metal is bonded to the insert metal 
layer by the eutectic reaction of the insert metal with the clad 
metal. At the interface between the insert metal. With the 
clad metal, a low-melting eutectic phase is formed. This 
makes the present invention distinguishable from the con 
ventional other processes. Formation of the low-melting 
eutectic phase also lowers the bonding temperature and 
improves the bonding Strength. The clad plates. and sheets 
having an excellent bonding strength (on the average more 
than 250 MPa) fabricated according to the present invention 
are expected to be widely used as a core material for heat 
eXchangers, reaction vessels for chemical plants, ships, 
paper industries, constructions, bridges, pressure vessels, 
desalination and electric facilities, flue gas desulfurization 
plants, etc. 
0082. As the present invention may be embodied in 
Several forms without departing from the Spirit or essential 
characteristics thereof, it should also be understood that the 
above-described embodiments are not limited by any of the 
details of the foregoing description, unless otherwise Speci 
fied, but rather should be construed broadly within its spirit 
and Scope as defined in the appended claims, and therefore 
all changes and modifications that fall within the metes and 
bounds of the claims, or equivalence of Such metes and 
bounds are therefore intended to be embraced by the 
appended claims. 

1-6. (canceled) 
7. Clad plates and sheets for corrosion resistance com 

prising: 

a Substrate of a plate shape Selected from the group 
consisting of Cu, Fe, and Ni, 

a clad metal of a plate shape Stacked at one Side of the 
Substrate and Selected from the group consisting of Ti, 
V, Nb, and Zr, 
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an insert metal layer inserted between the Substrate and 
the clad metal for bringing about an eutectic reaction 
with the clad metal wherein the insert metal layer is at 
least one layer; and wherein material constituting the 
insert metal layer is at least one Selected from the group 
consisting of Cu, Fe, Ni and Co and each metal is a pure 
metal or an alloy, and 

wherein in case that the clad metal and the Substrate are 
Ti and Cu, respectively, the clad plates and sheets are 
constructed as one Selected from the group consisting 
of in the order of clad metal/insert metal layer/substrate 
of Ti/Ni/Cu, Ti/Cu/Ni/Cu, Ti/Cu/X/Cu, and Ti/Ni/X/ 
Cu, and the X corresponding to a Second layer of the 
insert metal layer is a pure metal or an alloy whose 
melting point is higher than an eutectic temperature of 
a system of the Ti clad metal and the first insert metal 
layer (Cuor Ni) and has a structure of at least one layer. 

8. (canceled) 
9. Clad plates and sheets for corrosion resistance com 

prising: 

a Substrate of a plate shape Selected from the group 
consisting of Cu, Fe, and Ni; 

a clad metal of a plate shape Stacked at one Side of the 
base metal and Selected from the group consisting of Ti, 
V, Nb, and Zr, 

an insert metal layer inserted between the Substrate and 
the clad metal for bringing about an eutectic reaction 
with the clad metal wherein the insert metal layer is at 
least one layer; and wherein material constituting the 
insert metal layer is at least one Selected from the group 
consisting of Cu, Fe, Ni and Co and each metal is a pure 
metal or an alloy; and 

wherein in case that the clad metal and the Substrate are 
Ti and Ni, respectively, the clad plates and sheets are 
constructed as one Selected from the group consisting 
of Ti/Cu/Ni, Ti/Ni/Cu/Ni, Ti/Cu/X/Ni, and Ti/Ni/X/Ni, 
and the X corresponding to the Second layer of the 
insert metal layer is a pure metal or an alloy whose 
melting point is higher than an eutectic temperature of 
a system of the Ti clad metal and the first insert metal 
layer (Cuor Ni) and has a structure of at least one layer. 

10. Clad plates and sheets for corrosion resistance com 
prising: 

a Substrate of a plate shape Selected from the group 
consisting of Cu, Fe, and Ni 

a clad metal of a plate shape Stacked at one Side of the 
base metal and Selected from the group consisting of Ti, 
V, Nb, and Zr; 

an insert metal layer inserted between the Substrate and 
the clad metal for bringing about an eutectic reaction 
with the clad metal wherein the insert metal layer is at 
least one layer, and wherein material constituting the 
insert metal layer is at least one Selected from the group 
consisting of Cu, Fe, Ni and Co and each metal is a pure 
metal or an alloy; and 

wherein in case that the clad metal and the Substrate are 
Zr and Cu, respectively, the clad plates and sheets are 
constructed as one Selected from the group consisting 
of in the order of clad metal/insert metal layer/substrate 
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of Zr/Co/Cu, Zr/Ni/Cu, Zr/Cu/Ni/Cu, Zr/Cu/Co/Cu, 
Zr/Co/Fe/Cu, Zr/Fe/Co/Cu, Zr/Co/Ni/Cu, Zr/Ni/Co/ 
Cu, Zr/Cu/X/Cu, Zr/Co/X/Cu, and Zr/Fe/X/Cu, and the 
X corresponding to a Second layer of the insert metal 
layer is a pure metal or an alloy whose melting point is 
higher than an eutectic temperature of a System of the 
Zr clad metal and the first insert metal layer (Co or Cu 
or Ni or Fe) and has a structure of at least one layer. 

11. Clad plates and sheets for corrosion resistance com 
prising: 

a Substrate of a plate shape Selected from the group 
consisting of Cu, Fe, and Ni, 

a clad metal of a plate shape Stacked at one Side of the 
base metal and Selected from the group consisting of Ti, 
V, Nb, and Zr; 

an insert metal layer inserted between the Substrate and 
the clad metal for bringing about an eutectic reaction 
with the clad metal wherein the insert metal layer is at 
least one layer; and wherein material constituting the 
insert metal layer is at least one Selected from the group 
consisting of Cu, Fe, Ni and Co and each metal is a pure 
metal or an alloy; and 

wherein in case that the clad metal and the SubStrate are 
Zr and Ni, respectively, the clad plates and sheets are 
constructed as one Selected from the group consisting 
of in the order of clad metal/insert metal layer/substrate 
of Zr/Cu/Ni, Zr/Co/Ni, Zr/Ni/Cu/Ni, Zr/Co/Cu/Ni, 
Zr/Cu/Co/Ni, Zr/Co/Fe/Ni, Zr/Fe/Co/Ni, Zr/Ni/Co/Ni, 
Zr/Co/X/Ni, and Zr/Fe/X/Ni, and the X corresponding 
to a Second layer of the insert metal layer is a pure metal 
or an alloy whose melting point is higher than an 
eutectic temperature of a System of the Zr clad metal 
and the first insert metal layer (Cuor Co or Nior Fe) 
and has a Structure of at least one layer. 

12-14. (canceled) 
15. A method for fabricating clad plates and sheets for 

corrosion resistance, wherein one Substrate of a plate shape 
selected from Cu, Fe, or Ni and one clad metal of a plate 
shape selected from Ti, V, Nb, or Zr are inserted between 
two electrodes, and an electric current and a pressure are 
Simultaneously applied to the electrodes to form an eutectic 
reaction layer at an interface between the Substrate and the 
clad metal. 

16. A method for fabricating clad plates and sheets for 
corrosion resistance, wherein one Substrate of a plate shape 
Selected from Cu, Fe, or Ni, one clad metal of a plate shape 
selected from Ti, V, Nb, or Zr, and an insert metal layer 
located between the Substrate and the clad metal are inserted 
between two electrodes, and an electric current and a pres 
Sure are Simultaneously applied to the electrodes to form an 
eutectic reaction layer at an interface between he clad metal 
and the insert metal layer. 

17. The method of claim 15, wherein the applied electric 
current is in a range of 7000-25000A. 

18. The method of claim 15, wherein the applied pressure 
is in a range of 1-1500 kg f/m. 

19. The method of claim 16, wherein the applied electric 
current is in a range of 7000-25000A. 

20. The method of claim 16, wherein the applied pressure 
is in a range of 1-1500 kgf/m°. 
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