
(12)
(19)

PATENT
AUSTRALIAN PATENT OFFICE

(11) Application No. AU 200052255 B2 
(10) Patent No. 775369

(54) Title
Method for plugging a hole and a cooling element manufactured by said method

(51)7 International Patent Classification(s)
B23K 001/18

(21) Application No: 200052255 (22) Application Date: 2000.06.20

(87) WIPONo: WO01/03873

(30) Priority Data

(31) Number (32) Date
991574 1999.07.09

(33) Country
FI

(43)
(43)
(44)

Publication Date : 2001.01.30
Publication Journal Date : 2001.04.12 
Accepted Journal Date : 2004.07.29

(71) Applicant(s)
Outokumpu Oyj

(72) Inventor(s)
Veikko Polvi; Tuija Suortti

(74) Agent/Attorney
Griffith Hack.GPO Box 1285K,MELBOURNE VIC 3001

(56) Related Art
US 3710473
GB 2196556
US 2002/0021742



152255

' (12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization 
International Bureau

(43) International Publication Date 
18 January 2001 (18.01.2001)

Min

PCT
(10) International Publication Number

WO 01/03873 A1
(51) International Patent Classification7: B23K 1/18

(21) International Application Number: PCTZFKXV00554

(22) International Filing Date: 20 June 2000 (20.06.2000)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
991574 9 July 1999 (09.07.1999) El

(71) Applicant (for all designated States except US): OUT­
OKUMPU OYJ [Fl/FI]; Riihiiontuntie 7, FIN-02200 Es­
poo (FI).

(72) Inventors; and
(75) Inventors/Applicants (for US only): POLV1, Veikko 

[FI/FI1; Huvisuulinlie 4, FIN-28200 Pori (FI). SUORTTI, 
Tuija [FI/FI]; Tammiharilnlie 6, FIN-28200 Pori (FI).

(74) Agent: OUTOKUMPU OYJ; Intellectual Property Man­
agement, P.O. Box 27, FIN-02201 Espoo (FI).

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU. CZ, DE, DK, EE, 
ES, FI, GB, GD, GE, GH, GM, HR. HU, ID. IL. IN, IS, JP, 
KE, KG, KP, KR. KZ, LC, LK, LR, LS, LT. LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZA, ZW.

(84) Designated States (regional): Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, C.R, IE, IT, LU, MC, 
NL, PT, SE).

Published:
— With international search report.

For two-letter codes and other abbreviations, refer to the "Guid­
ance Notes on Codes and A bbreviations " appearing at the begin­
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD FOR PLUGGING A HOLE AND A COOLING ELEMENT MANUFACTURED BY SAID METHOD

W
O

 01
/0

38
73

 A1
 fflHIIIII

H

8

(57) Abstract: A method for plugging a hole, particularly a hole provided in a cooling element, 
in which method in a hole (9) formed in a piece essentially made of mainly copper, for instance 
in the housing element (2) of a cooling element (1), there is arranged a plug (8) mainly made 
of copper. Between the side surface (11) of the plug (8) and the inner surface (13) of the hole, 
there is arranged brazing agent (10) with a melting temperature lower than that of the pieces 
to be joined together, and the junction area between the plug (8) and the piece, such as the 
housing element (2) of the cooling element, is heated at least up to the melting temperature of 
the brazing agent or to the vicinity thereof, whereafter the junction area is cooled. The invention 
also relates to a cooling element manufactured according to said method.
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METHOD FOR PLUGGING A HOLE AND A COOLING ELEMENT 

MANUFACTURED BY SAID METHOD

The present invention relates to the method set forth in the preamble of claim 1 

5 for plugging a hole. The invention also relates to a cooling element according

to claim 12.

In general, the invention relates to a method for plugging a hole, in which 

method, in a hole provided in an object essentially made of mainly copper,

10 such as the housing element of a cooling element, there is inserted a plug 

mainly made of copper. Said holes to be plugged according to the object of the 

invention exist for example in cooling elements employed for cooling the 

structures of furnaces used in metal industry, such as flash smelting furnaces 

or blast furnaces used in steel industry, or in connection with the cooling

15 channels of chutes used for conducting the molten metal. Typically the cooling 

elements are made of copper and provided with for example longitudinal 

and/or transversal channels where the cooling agent circulates. Part of the 

holes forming the cooling element channel system are plugged, so that in the 

element, there is left only a necessary amount of inlet holes through which the

20 cooling agent is conducted into the element, and outlet holes through which the 

cooling agent is conducted out of said element According to a known plugging 

method, the cooling element is provided with a plug that is arranged in the hole 

to be plugged by a pressed joint which is externally welded to the cooling 

element housing, typically with a weld that extends to the depth of about 6 mm.

25 Prior to welding, the working pieces are preheated up to a high temperature. In 

the preheating step, the oxidizing risk of the plug joint is high, and at that point 

the prior art plugging joint is relatively vulnerable to damages caused by 

corrosion, among others. For instance the atmosphere prevailing in the furnace 

space of a flash smelting furnace and containing, among others, SO2 gas,

30 causes corrosion that proceeds as a sulphatizing reaction. In order to avoid the 

risk of damaging the plugging joint and possible leaking of the cooling agent as 

a result, it has been necessary to replace the cooling elements fairly often.
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The object of the present invention is to realize a new method for plugging a 

hole, particularly the whole of a cooling element, whereby the drawbacks of the 

prior art are avoided. Thus another object of the Invention is to realize a novel

5 cooling element that has a longer working life than the prior art elements.

The invention is characterized by what is set forth in the appended claims.

In the method according to the invention, between the plug side surface and

10 the hole inner surface, there is arranged brazing agent with a melting 

temperature lower than the melting temperature of the parts to be joined 

together, and at least the junction area of the plug and the housing element of 

the object, such as the housing element of a cooling element, is heated at least 

up to the melting temperature of the brazing agent or to the vicinity thereof,

15 whereafter the juncture area is cooled. By means of the method according to 

the invention, there is achieved a joint that extends to a desired depth in the 

longitudinal direction of the plug. According to a preferred embodiment of the 

invention, the brazing agent is in the form of foil. In that case the brazing agent 

is in a form that is easy to handle, and it can be placed in the juncture exactly

20 at the desired spot, so that the making of joints is carried out without difficulty.

According to an embodiment of the method according to the invention, the 

brazing agent is chosen from a group including as compounds Ag+Cu, Al+Cu, 

Sn+Cu and Sb+Cu. In the method according to the invention, the joint is made

25 by applying a diffusion technique, where the components of copper or copper 

alloy and the brazing agent are partly dissolved on the contact surface. In this 

way, there is obtained an extremely high-quality joint. In the case of copper 

alloys, this is made possible by compositions that occur at least in the alloy 

systems Cu-Ag, Cu-AI, Cu-Sn and Cu-Sb, which melt at relatively low

30 temperatures and are rich or even pure as regards the alloy components.

Thus, in some embodiments it is possible to use for instance an exclusively 

Al-bearing foil. Moreover, the phase balances of said binary alloys can in the
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method be adjusted by moving over to ternary alloy balances (or balances of 

even more components). According to a preferred embodiment of the 

invention, the brazing agent has an eutectic composition with a given alloy 

composition with copper. By applying the brazing agents required for the

5 diffusion joint in sufficiently thin, optimized layers, with diffusion mechanisms it 

is possible, even at low working temperatures, to obtain in the final structure 

solid phases that melt at a higher temperature, even by hundreds of degrees, 

than the original brazing agent. Thus the joint becomes, in a way, 

self-repairing, because it endures higher temperatures than the pure brazing

10 agent would endure. The joining can be carried out for example by means of 

foil (brazing strip), or brazing wire; or else on the surfaces to be joined 

together, there can be used thin alloy material layers that are provided on said 

surfaces in advance. The heat required by the diffusion mechanisms between 

the brazing agent and the pieces to be joined together can be produced by

15 heating with a heating means, for instance a liquefied gas burner. Other 

suitable heating arrangements for the heating of the juncture area can also be 

used, for example induction heating. If, in addition to the diffusion joint, in the 

junction there also is used surface welding of the plug, the welding temperature 

of the surface welding can be likewise be utilized when making the diffusion

20 joint.

On the surface of the brazing foil and/or at least on one of the surfaces to be 

joined together, there is brought a layer of tin (Sn) prior to making the joint. The 

application of tin lowers the temperature required for making the joint.

25 Moreover, the oxidation of the surfaces to be joined is avoided, and shielding 

gas arrangements are not needed in connection with making the joint. In order 

to start the phase transition reactions and to obtain an optimal seam structure, 

there suffices a tin layer of the order of a few micrometers between the Ag+Cu 

foil and the piece to be joined. The technique according to the method is not

30 critical for the Ag+Cu composition, wherefore the use of an essentially pure Ag 

foil also is possible. The creation of the joint takes place rapidly, as a result of a 

diffusion of molten and solid materials as well as the successive phase
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transition reactions, already at the preheating temperatures prepared for the 

welding. By means of an application of the method according to the invention, 

it has been possible to create brazing agents that are well resistant to an 

atmosphere containing the gases present in the furnace space. For instance a

5 brazing agent Ag+Cu endures well the SO2 bearing atmosphere of a flash 

smelting furnace. With respect to corrosion taking place in the working 

conditions, the tin of the created mosaic gold is not harmful, because it is not 

sulphatized in similar fashion as zinc and copper. As for the silver that is 

dissolved in the phases of the junction seam, it improves the resistance to

10 corrosion of the mosaic gold.

The invention also relates to a cooling element for furnaces, said element 

comprising a housing element mainly made of copper, and channels formed in 

said housing element for the cooling agent circulation; when forming said

15 channels, in the housing element there are made holes that open on the 

surface thereof, and at least part of said holes are plugged. The invention is 

characterized in that the joint between the plug and the housing element is a 

diffusion joint. The cooling element according to the invention is extremely well 

resistant to the atmosphere prevailing in furnaces. The joint surfaces are

20 mainly formed of the plug side surface and the hole inner surface. Thus the 

joint is made sufficiently long in the longitudinal direction of the plug. The joint 

is realized by using brazing foil arranged in between the joint surfaces. The 

plug comprises a threaded section and a conical joint section. By means of the 

threaded section, the joint surfaces are pressed together, so that a high-quality

25 joint is formed. The joint section of the plug is made self-centering, so that the 

joint surfaces are set evenly against each other.

The invention is explained in more detail with reference to the appended 

drawings, where

30

figure 1 is a simplified illustration of a cooling element,
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figure 2 illustrates the cooling element of figure 1 along the section A - A, and

figure 3 illustrates a step of the method according to the invention, where the 

plug is soldered in a hole provided in the cooling element.

5

The invention relates to a method for plugging a hole, particularly a hole 

provided in a cooling element, in which method in a hole 9 provided in a piece 

consisting mainly of copper, said piece being for instance a housing element 2 

of a cooling element 1, there is arranged a plug 8 consisting mainly of copper.

10 Figure 1 illustrates a cooling element 1 applying the plugging method

according to the Invention. Typically the cooling element 1 is made of copper.

In the housing element 2 of the cooling element 1, there is for instance by 

drilling or casting made a channel system 3, 4, 5, wherein a cooling agent, 

such as water, circulates when the element 1 is installed in place in the furnace

15 wall. In the example illustrated in the drawing, the channel system is made by 

forming holes 3, 4, 5 through the housing element 2. The holes 3,4, 5 are 

arranged in the housing element 2 so that they are interconnected and thus 

form a channel system for the circulation of the cooling agent. Part of the holes 

9 made in the surface of the cooling element 2 are provided with plugs 8, so

20 that only the necessary inlet and outlet conduits 6,7 are left in the element, in 

order to connect the element to the cooling agent circulation. The cooling 

element 1 is attached to the furnace structures, for example to a wall, in which 

case it typically cools the fireproof lining of the furnace. Typically the cooling 

element wall on the side of the inlet and outlet conduits 6, 7 is directed

25 outwardly with respect to the interior of the furnace (not illustrated). The 

material typically employed as the material of the cooling element is copper, 

owing to its good heat conductivity properties, among others. The cooling 

element illustrated in the drawings represents a simplified example of the 

structure of the cooling element. Typically the cooling element may contain

30 several adjacent channels in the longitudinal and/or transversal direction of the 

element. In order to cool the furnace structures, there are used several cooling 

elements, which are connected to the cooling agent circulation.
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In the method according to the invention for plugging a cooling element hole, 

where in a hole 9 provided in the housing element 2 of a cooling element 1, 

essentially made of mainly copper, there is arranged a plug 8 which is mainly

5 made of copper, between the side surface 11 of the plug 8 and the inner 

surface 13 of the hole, there is arranged brazing/soldering agent 10 with a 

melting temperature lower than the melting temperature of the pieces that 

should be joined together, and at least the junction area of the plug and the 

cooling element is heated at least up to the melting temperature of a part of the

10 brazing agent, or to the vicinity thereof, whereafter the junction area is cooled. 

By means of the method according to the invention, there is created a diffusion 

joint. The temperature can be raised so high that a momentary molten phase is 

created in the junction zone.

15 According to a preferred embodiment, the brazing agent 10 is in the form of 

foil. Foil is easy to handle, and when it is cut to a suitable width and length, it 

can be installed in advance at exactly the desired spot in the junction, in which 

case extremely good joints are achieved along the whole area of the junction 

surface. According to a typical embodiment, the brazing agent is brought to the

20 hole 9 provided in the housing element 2 and/or to the junction surface 11 of 

the plug 8 prior to inserting the plug in the hole.

The brazing agent 10 is chosen from a group including the combinations 

Ag+Cu, Al+Cu, Sn+Cu and Sb+Cu. As regards the melting behavior, the

25 brazing agent ingredients advantageously form eutectic compositions with 

copper. For instance with a brazing agent Ag+Cu, the eutectic composition 

includes 71% by weight Ag and 29% by weight Cu. The cooling agents can 

also be pure Ag or Al.

30 On the surface of the cooling agent foil 10 and/or at least to one of the 

surfaces 11, 13 to be joined, there can be brought a layer of tin Sn, whereby 

the temperature required for brazing can be lowered. For instance, by applying
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on the surface of a Ag+Cu cooling agent foil with a thickness of 50 /zm for 

example an Sn layer with the thickness of 5 -10 /zm, extremely high-quality 

joints have been achieved. The tin layers can be created for instance by 

immersing the foil-shaped brazing agent to molten tin, and when necessary, by

5 thereafter smoothing the foil by rolling. In thickness, the brazing agent foil is 

typically 10 - 500/zm, advantageously 20 - 100/zm. When tin layers are used, 

the thickness in the middle section of the foil is 10 -100 μνη and in the surface 

sections 1-20 /zm.

10 When a Sn layer is used in connection with the brazing, there can also be used 

a brazing agent where the Cu content is lower than the eutectic composition. 

For instance the Cu content of an Ag+Cu brazing agent can also be within the 

range 0 -29 % by weight. From the point of view of the method, the 

composition is not critical when tin layers are used.

15

In addition to brazing, the plug 8 can also be welded to the housing element 2 

when so desired. In that case underneath the weld, in the brazing joint, the 

diffusion of tin and silver to copper continues, and as regards the phases 

created in the junction seam, the direction is towards phases that melt at

20 higher and higher temperatures. Now the temperature required for the creation 

of a diffusion joint is reached already at the preliminary heating carried out for 

the welding process.

Consequently, the joint made according to the method of the invention

25 between the plug 8 of the cooling element and the housing element 2 is a 

diffusion joint and produced by thermal treatment. The main junction surfaces 

are the side surface 11 of the plug 8 and the inner surface 13 of the hole. The 

plug comprises a threaded section 12 and a conical junction section 11. In 

shape the conical junction section 11 is a truncated cone that is narrowed

30 towards the threaded section 12. The clearings provided in the threaded

section allow the junction section 11 to be centered with the inner surface 13 of 

the hole.
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Figure 3 illustrates a step of the plugging method according to the invention in 

more detail. Typically the plug material is mainly copper. In the embodiment of 

the drawing, the plug 8 comprises a conical section 11 and a threaded section

5 12. In the hole 9, there are formed counterparts for the plug 8, i.e. a conical 

part 13 and a threaded part 14. In the situation illustrated in figure 3, in the 

vicinity of the inner wall of the hole 9, or in contact with the conical surface 13, 

there is arranged a brazing agent layer 10, most advantageously in the form of 

foil. Thereafter the plug 8 is inserted in the hole 9, so that the conical surface

10 11 of the plug and the conical surface 13 of the hole are set against each 

other, while the brazing agent layer 10 remains in between. The plug 8 

according to the embodiment illustrated in the drawing is twisted to grip the 

threadings 14 of the hole. According to a preferred embodiment, the plug 8 can 

be provided with a drive device 15 which can be used for securing the plug in

15 the hole, at a desired tightness by means of using said drive device. Thereafter 

the junction of the plug 8 and the housing element 2 is heated, so that a 

diffusion is created in the junction area.

A few preferred embodiments of the invention are illustrated in more detail in

20 the following examples.

Example I

In this example, the employed brazing agent was an Ag+Cu brazing agent 

having an eutectic composition and containing 7Ϊ % by weight Ag and 29 % by

25 weight Cu. The brazing agent was in the form of foil, with a thickness of 50 μτη. 

The foil was cut to a predetermined measure and set in the hole, against the 

inner surface thereof, prior to the plug. The plug was set in place, so that it was 

pressed against the brazing agent foil. The junction area was heated over the 

brazing agent melting temperature (779e C), up to about 800° C, and the

30 employed shielding gas was argon. The holding time was about 5 minutes. The 

joints according to the example succeeded in an excellent fashion. There was 

created a compact and unbroken joint. After the liquid contact has taken place,
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copper is dissolved in the brazing agent and vice versa, 
silver is diffused into copper. Thus the junction 
interface is completely crystallized anew.

5 Example II
In this example, a copper piece was joined to another 
copper piece with an Ag-Cu brazing agent containing 71% Ag 
and 29% Cu. The brazing agent was in the form of foil 
having a thickness of 50 μια, and in addition, on the foil10 surface there was also formed a tin layer with a thickness 
of the order 5-10 μια. The temperature was raised up to 
about 600°C. The holding time was about 5 minutes. The 
junctions according to the example succeeded in an 
excellent fashion. There was created a compact and15 unbroken joint, whereafter the reaction time the tin,
which originally was added as an essentially pure element, 
formed a mosaic gold seam with copper.

By using the method according to the invention, there can20 be joined copper and/or copper compounds with a typical 
copper content of at least 50%.

For a man skilled in the art, it is obvious that the 
invention is not restricted to the above described

25 embodiments, but it can be modified within the scope of 
the appended claims.

In this specification, except where the context requires 
otherwise, the words "comprise", "comprises", and30 "comprising" mean "include", "includes" and "including",
respectively. That is, when the invention is described or 
defined as comprising specified features, various
embodiments of the same invention may also include 
additional features.

H:\Leanne\Keep\52255-00.doc 24/05/04
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for plugging a hole, particularly a hole in 
a cooling element, in which method in a hole formed in a

5 piece essentially made of mainly copper, for instance in 
the housing element of a cooling element, there is 
arranged a plug mainly made of copper, characterized in 
that between the side surface of the plug and the inner 
surface of the hole, there is arranged brazing agent with

10 a melting temperature lower than that of the pieces to be 
joined together, on the surface of the brazing agent 
and/or in at least one of the surfaces to be joined, there 
is brought a layer of tin and that the junction area 
between the plug and the piece, such as the housing

15 element of a cooling element is heated at least up to the 
melting temperature of the brazing agent or to the 
vicinity thereof, whereafter the junction area is cooled 
off.

20 2. A method according to Claim 1, characterized in that
the brazing agent is brought to the hole provided in the 
housing element and/or to the junction surface of the plug 
prior to inserting the plug in the hole.

25 3 . A method according- to Claim 1 or .2., characteriz_ed in
that the brazing agent is in the form of foil.

4. A method according to any one of the preceding Claims 
1-3, characterized in that the brazing agent is chosen

30 from a group containing the combinations Ag+Cu, Al+Cu, 
Sn+Cu and Sb+Cu.

• # · ·
5. A method according to any one of the preceding Claims 
1-4, characterized in that the brazing agent has, with a

35 given alloy composition, an eutectic composition with 
copper.

o 9 a• · ·
Hi\Leanne\Keep\52255-00.doc 24/05/04
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6· A method according to any one of the preceding Claims 
1-3, characterized in that the brazing agent is 
essentially Ag.

5 7. A method according to any one of the preceding Claims
1-3, characterized in that the brazing agent is 
essentially Al.

8. A method according to any one of the preceding Claims10 1-7, characterized in that the thickness of the brazing
agent foil is 10-500 pm, advantageously 20 - 100 pm.

9. A method according to Claim 8, characterized in that 
the thickness of the foil in the middle section is15 10 - 100 pm and in the surface layers 1-20 pm.

10. A method according to any one of the preceding Claims 
1-9, characterized in that addition to brazing, the plug 
is welded to the housing element.20
11. A cooling element for furnaces, said element 
comprising a housing element mainly made of copper, and 
channels formed in the housing element for cooling agent 
circulation; when said channels were manufactured, in the25 housing element there were, formed holes opening to the
surface of said element, at least part of said holes being 
plugged, characterized in that the junction of the plug 
and the housing element is a tin containing diffusion 
joint.30
12. A cooling element according to Claim 11, 
characterized in that the junction surfaces are mainly 
formed of the plug side surface and the hole inner 
surface.35

• · · · • ·

H:\Leanne\Keep\52255-00.doc 24/05/04
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13. A cooling element according to Claim 11 or 12, 
characterized in that the plug comprises a threaded part 
and a conical junction part.

5 14. A cooling element according to any one of the
preceding Claims 12 - 14, characterized in that the 
junction is formed by using a brazing agent foil arranged 
between the junction surfaces.

10 15. A cooling element according to any one of the
preceding Claims 11 - 14, characterized in that the 
junction part of the plug is formed to be self-centering.

16. A method for plugging a hole, substantially as
15 hereinbefore described with reference to the accompanying 

drawings .

17. A cooling element for furnaces, substantially as 
hereinbefore described with reference to the accompanying

2 0 drawings .

Dated this 24th day of May 2004 
OUTOKUMPU OYJ

25 By their Patent Attorneys 
GRIFFITH HACK
Fellows Institute of Patent and 
Trade Mark Attorneys of Australia

• · · ·
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