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A Study on the Brazing Characteristics of Copper-Alumium

Dissimilar Brazing Joint

Dae Hyun Eom

Department of Materials Science and Engineering, The Graduate School,

Pukyong National University

Abstract

The application of nonferrous metals is increasing in terms of cost cutting
and diversity of ‘use of materials and developments of engineering technology.
The need of conjugation _between composite materials 1is' regarded as
important topic as components and machines get miniaturized. Especially
sharp rise of copper’s! price, there were demands for other materials.
Aluminum can substitute copper as it has comparatively good corrosiveness,
easy to make, inexpensive and etc. However copper and aluminum is not
suitable for ‘conjugation as it has [different material property. It easily
produces vulnerable intermetallic compounds so it is hard to get desirable
strength.

Therefore we researched about characteristic - of ~brazing of copper and
aluminum using five different filler metal.

Before proceed to brazing, we investigated surface treatment and wetting
characteristic with respect to the surface treatment. we made conditions for
conjugation considering the result.

We plated aluminum with zinc, nickel, copper and conjugated using five
types of filler metals. After conjugation we did tensile test to find out
material property and progressed componential analysis through EPMA test.
In result we found out copper has desirable strength as most of specimens
broke at the base metal of copper. Also there was a decrease of strength due
Al,Cu intermetallic compound inside of filler metal according to the result of

EPMA measurement.

vii



53

A1 A A

"
M

BK

1.1 a7 w4

B

Mo

S = a2

Z A
= “

o = gFolt

=3
a

=

=] ZH

o A 1]

o

8

™
ol
o

ToR
i
ol
Ton

Hdom aTEAg s 2
A ohol, 2E 24

- Al #el

S A

21
=

ox

!

Lot Sle o

1 Ass ARG

Z

Q8 e o

o 5}
=1

2 A e

3|
=

o %

el

7}

A

#29)

2717k ol g,

it

ToR

ojvfar vk ey -

A
=

o

it

)



Sl Aol Fhekatal ARl Feto] T gk A

Aesto] ek AdFulE olF AR S AT o

11000 1
L0000 |
2000 1
8ooo{ 4 A f
7000 | * I
6000 [
5000
4000 1

30001 Ll

Zﬂﬂﬂ T T T T T
01012007 01/01/2008 31M2/2008 31M202009 3422000 M 2201
Date

(a)

4000
3000, Qﬁﬁx

2000 | b AR L AL

lﬂﬂﬂ T T T T T
02/01/2007 02/01/2008 01/01/2008 01012010 010152001 0101202
Date

(b)
Fig. 1.1 Copper and Aluminum price fluctuations

(a) Copper (b) Aluminum (Unit : US$/tonne)



Table 1.1 Characteristic of copper and aluminum

Copper Copper Aluminum
Lattice structure FCC FCC
Density 8.96gcm° 2.70g-cm
Melting point 1083C 660C
Electrical resistivity
. 16.78nQ'm 26.50nQ2'm
(207C)
Thermal
Conductivity 401W/m-k 237W/m-k
(300K)
Magnetism Diamagnetic | Paramagnetic
1.2 789 &F

-+
kg
I
o

_?&
all
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>,

Fels A gejo] Yt F5OR §4

Rk 422 K88 FEo A A
o8l A wEl= gel A

JEIE AMSHW T RS A

KN
T

°F 1083C o] L

294 896g/cm’o® &F1H(2.7g/cm’) Bt} EH )
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Table 1.2 Effect of Zinc on properties of Copper Alloys

Tensile .
Zn Elongation, BHN,
Strength,
(%) ) (%) (10mm 500Kg)
(psi)
0 32,000 46 38
5 36,000 49 49
10 41,000 52 54
15 42,000 56 58
20 43,000 59 56
25 45,000 62 54
30 46,000 65 55
35 46,000 60 55
40 54,000 45 75

Table 1.3 Classification of copper alloys

| Brasses. - alloy of copper and zinc

1 Yel low alpha brasses

A Alpha. brasses ’
- 20 to 36 percent.-zinc

- alloys “containing-up to
36 percent zinc

2 Red brasses
-"5 to-20 percent zinc

B Alpha plus beta brasses

- b4 to 62 percent copper
I Bronzes - up to 12 percent of alloying element
A Tin bronzes

B Silicon bronzes
C Aluminum bronzes

D Beryl|ium bronzes
Il Cupronickels - alloys of copper and nickel

IV Nickel silvers - alloys of copper, nickel, and zinc
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Table 1.4 -Designation for Alloy ‘Groups

Aluminum

Association NO.

XXX

2XXX

3XXX

4XXX

BXxx

BXXX

XXX

8XXX

9XXX

Element

Aluminum, 99% and greater, major

alloying element

Copper
Manganese

Silicon
Magnesium
Magnesium and silicon

Zinc
Other element
Unused series
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.

Fig. 1.2 The difference between brazing and welding

Brazing

(b)
Fig. 1.3 Sessile drops. (a) Contact angle greater than 90° ; liquid drop

will not enter a capillary gap. (b) Contact angle less than 90° ; liquid

drop will enter and fill a capillary gap.
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Table 2.1 Chemical composition of Copper and Aluminum

composition (wi6) g
Base Density Mel_tlng
P point
metal (g/cmd) (%)
Al Cu Mn Si Fe Zn P
; 5 " % . 5 5 0.015~ P
c12200 Bal. 0.02 g8.94 083
e 0.05- s s 2
23003 Bal. 0.0 1~1.5 0.6max | 0.7max | 0.1max - 2.74 643
unit o omm
122 9.4
| [— | =
|| Q7 == B3
- [ ) W 5
i = I =t &F
| I} | I
1 ‘-3] 1 1
I | | |
| 1 1 1
| | | |
| | | |
| | I 1
100 [ | | } 100
| | I |
I i i !
{ 1 i I
| 1 I |
I I | I
| | 1 |
| | I I
| | | |
1 =y k4 ¥
Y £ Y, - b
w—e 10.0 —
—.—I |-—
125
(a) (b)

Fig. 2.1 The schematic of the samples ;

10

(a) aluminum (b) copper
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Table 2.2 Melting point and composition

of filler metal

Composition
Filler (wi) Melting point
metal (T)
Al Cu Si Mg Zn

A-633 3 g — - 97 450

A—665 25 - - - 75 480
TB-200 80 - 10 i o 598
TC-150 | 20-24 = - = Bal, 490

ZA-] 3.9~4.3| D:03max = 0.04~0.06 Bal. 386
2.1.3 B8 o]A %

Hyolge o gt= EX H oA (Torch brazing), = Helo]4
(Furnace brazing), A& Hg o]4 (Resistance brazing), & Ho]A
(Vacuum brazing) So] otk 2 Ado A= EX By o|dS A83519
th BEx HeolAe Fig. 249 #& AL 7l 475 A3l
s EXRZ 7tdeta 292 3 AYAE H7bstdA Hedst= B
ot ¥ AgelA e dYo R AA-LPGE A3 3ith

EXx BHolA(Torch brazing)< AUAY 35S Fgo=z g +
A7l Wzl FA FAo] Thedt Ay =HUrd B2 AANES JA &
= gt} ek Auln|y 7)El Bl 8ol APsa o] ek BRI H
Fol= Hgo] 7hssity AFdozE Uiy A9 YA "asta
TA7tE I 2] AR wHe]l aH w3 tiy] FolA A

13




Fig. 2.4 The schematic-of the torch
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Filler metal

Sample

Fig. 2.5 The schematic of the sample
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Fig. 3.3 Microstructure of A—633 ;
Copper and Unplated aluminum
(x200)

Fig. 3.4 Microstructure of A—633 ;
Copper and Zincated aluminum
(x200)

Fig. 3.5 Microstructure of =033 ;0
Copper and Copperr’_-:fa_lated aluminum?.

2 S

-'a";F‘ig. 3.6 Microstructure of A—665 ;
Coppgr"l_ﬁhd Unplated aluminum
L (x200)
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2
e
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¥
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Fig. 3.7 Microstructure of A—665 ;

Copper and Zincated aluminum

Fig. 3.8 Microstructure of A—665 ;

Copper and Nickel—plated aluminum

(x200)

(x200)
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Fig. 3.10 Microstructure of TC—150 ;

Fig. 3.9 Microstructure of A—665 ;
Copper and Copper—plated aluminum

Copper and Unplated aluminum
(x200)

(x200)

1g. 3.12 Microstrugt’ijre of TC—150 ;

Copper op f—plated aluminum

| 1 ~(x200)

Fig. 3.13 Microstructure of TB—200 ;
Copper and Unplated aluminum

Fig. 3.14 Microstructure of TB—200 ;
Copper and Zincated aluminum
(x200)

(x200)
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Fig. 3.15 Microstructure of TB—200 ;
Copper and Nickel—plated aluminum
(x200)

Fig. 3.16 Microstructure of TB—200 ;
Copper and Copper—plated aluminum
(x200)

Fig. 3.17 M_i_crostructure 0
Copper an&*Unpl%d aluminum |

g A 23 ig. 3.18 Microstructure of ZA—3 ;

d Zincated aluminum

Fig. 3.19 Microstructure of ZA—3 ;
Copper and Nickel—plated aluminum
(x200)

Fig. 3.20 Microstructure of ZA—3 ;
Copper and Copper—plated aluminum
(x200)

23




Fig. 3.21 Aluminum side ; A—633
Copper and Unplated aluminum
(x200) e

Fig. 3.22 Copper side ; A—633
Copper and Unplated aluminum

— (x200)

Fig. 3.26 Copperféfide ; TB—200

Copp y\aﬁlated aluminum
¥ (x200)

Fig. 3.25 Aluminum side ; TC—150
Copper and Unplated aluminum
(x200)

Fig. 3.26 Copper side ; TC—150
Copper and Unplated aluminum
(x200)
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Fig. 3.27 Aluminum side ; ZA—3
Copper and Unplated aluminum
(x200) e

Fig. 3.28 Copper side ; ZA—3
Copper and Unplated aluminum

D .

- o (XlOO)

e (x200)

Fig. 3.30 Porosity of A—665
Copp d Zincated aluminum

== —=

Fig. 3.31 Porosity of TB—200 ;
Copper and Nickel—plated aluminum
(x200)

Fig. 3.32 Porosity of TC—150 ;
Copper and Unplated aluminum
(x200)

25




8- ~ ol
% . «

Fig. 3.33 Porosity of ZA—3 ;
Copper and Nickel—plated aluminum
(x200) e

Fig. 3.34 Porosity of C—15O ;
Copper and Copper—plated aluminum

— (x100)

Fig. 3.37 Crearance of A—633 ;
Copper and Unplated aluminum
(x50)

Fig. 3.38 Crearance of TB—200 ;
Copper and Unplated aluminum
(x50)
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Fig. 3.50 Phase diagram of Copper - Aluminum

Al: 50,8587 %
Cu:39.8322%
Zn+9.3091 %

Al:93.3104%
Cu: 22478 %
Zn: 44418 %

Fig. 3.51 The result of spot analysis method of unplated Al - Cu
(A-633, x200)
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Al: 66482 %
Cu:31.8012%
Zn:17158%

Al : 85.0666 %
Cu:25268%
Zn:12.404 %

Fig. 3.52 The result of spot analysis method of unplated Al - Cu
(A-665, x200)

Al:'80.3256 %
Cu : 6.0806 %
Si:13/5938%

Al': 67.9676 %
Cu:31.3576%
Si:0.6748 %

Al:97.1482%
Cu:2.0543%
Si:0.5275%

Fig. 3.53 The result of spot analysis method of unplated Al - Cu
(TB-200, x200)
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Al: 66.78 %
Cu:31.3301
Zn: 188 %

Al: 87162 %
Cu: 28017 %
Zn:10.0363 %

Fig. 3.54 The result of spot analysis method of unplated Al - Cu
(TC-150, x200)

Al : 67.2762 %
Cu: 30.7849%
Zn :1.9389 %

Al: 87.6743%
Cu:23076%
Zn:10.0182%

Fig. 3.55 SThe result of spot analysis method of unplated Al - Cu
(ZA-3, x200)
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SEM HV: 15 KV WD: 9.88 mm A |

SEM MAG: 1.00 kx Det: SE 50 pm

Fig. 3.56 Example of filler mental and Cu’s
joint which is not connected

(TB-200)

| TC—150

(a) (b)

Fig. 3.57 Brazing erosion phenomenon

(a : Erosion, b : Not erosion)
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