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A Study on the effect of metallurgical factors

in Aluminium Brazing

Jea—-deok Kim

Abstract

Nocolok flux brazing was adopted in the aluminium brazing experiment.
Filler metals such as (Al-12.2at.26Si), (Cp+1.5at.2%Si) were made and used to
form liquid insert metal layer between two pieces of aluminium plates.
Diameter of 50gm, 100pm, 150gm, 200pm tungsten wire was winded around a
plate to make space between aluminium plates. The grain size of aluminium
plates was 43um, 57um and 74um by heat treatment at 673K, 743K and 823K
for Zhours.

This work was done to find the effect of brazing factors, such as
brazing time temperature, the grain size of substrate and the chemical

composition of liquid insert metal on the microstucture of brazing zone.
The results are summarized as follows :

(1) Moved distance of a liquide-solid interface was proportional to square
root of the brazing time. It means that the behavior was controlled mainly
by diffusion of liquid. The relationship between brazing temperature and the
Moved distance of a liquide-solid interface was governed by Arrhenius

reaction rate equation.

(2) In case of (Al-Si) filler metal, Moved distance of a liquide-solid
interface  was affected by the grain size of matrix. The depth of matrix
damage was increased with decreasing the grain size of matrix and

increasing Si content in liquid layer.

(3) The important reason for matrix damage was considered that two



kinds of atom migration were simultaneously occurred in the liquid phase.
One was that general inter diffusion of atom in the liquid from a
phase/liquid interface to the center of the liquid layer.
The other was that counter flow directional inter diffusion of atom in the
liguid region near aphase because of the curvature effect of aphase in

vicinity of the interface.
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Table 1 Chemical compositions of filler metal (I.C.P analysis)

gi%rr?pOSi_ chemical compositions(wt.%)
filler meta Si | Fe | Cu |Mn |Mg | Cr | Zn | Ti |others| Al
Al-484 at%si | 484 [ 032 ] 003 | 002 [ 002 | 003 [ 001 [002]| — |Bal
AI-668 at%Si | 663 [ 017 | 0.01 | 006 [ 001 | 001 001 [001 | — |Bal
Al-786 at.%S51 | 7861 0151 0.01 [ 001 | 006 1 001 | 001 | 0.01 | — | Bal.
AlF9.04 at.%Si | 904 1 028 1 0.02 | 0.01 | 0051002 001|001 | — | Bal
Al-10.22 at.%S1 110221 0031 0.03 | 001 | 00571001 [ 001 | 0.01 | — | Bal.
Al-122 at%Si| 122 — | — | — | — | — | — | — — | Bal.

where, the concentration of Si in (Al-12.2 at.%Si) alloy represents

nominal composition of commercial products.
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Fig. 1 Schematic drawing of the specimen preparation
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Photo 2 apparatus of tube type brazing furnace
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Table. 2 Solidification temperature of (Al-Si) filler

metal measured by DSC analysis

filler metal Solidification
temp. (K)
Al-12.2at.2651 851
Al-10.22at.%6Si1 862
Al-9.04at. 2651 874
Al-7.86at.2651 883
Al-6.68at.2651 887
Al-4.84at.2651 897
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Photo. 3 State of uncharging between Al plates brazed
(space diameter: 100zm)

brazing diameter of W wire spacer
condition 50m | 100m

temp. :
863K

time :
180s
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Photo. 4 Optical microstructure of cross section brazed at 863K for

180s
brazing filler metal
condition Al-12.2 at.%Si Al-(CL+1.5)at.%Si
180s

temp.: 300s
863K

420s
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Photo. 5 Optical microstructure of cross section brazed at 863K for
180s, 300s, 420s
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Fig. 3 EPMA of cross section brazed at 863K for 420s using substrate

with grain size 74um
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Fig. 4 EPMA of cross section brazed at 883K for 420s using substrate
with grain size 74um
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Fig. 5 EPMA of cross section brazed at 893K forusing substrate
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with grain size 74/m

brazing temp. : 903K brazing ter_n_I;. : 893K

brazing time : 360s brazing time : 420s

Photo. 6 SEM and Si-K, mapping of vicinity of brazing bonded
area brazed at 903K for 300s and 883K for 420s, substrate with

grain size 73um
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Fig. 8(a)
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Fig. 9(a)
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Table 3 Effect of grain size to the rate constant for increasing
in the moved distance of a liquid-solid interface at

brazing temperature (Al-12.2at%Si)(grain size74um)

hiim %-s Y

brazing | W wire | W wire | W wire | W wire
temp.(K) | diameter | diameter | diameter | diameter

50um 100zm 150m 200m
863K |1.77x107 | 1.94x10™" | 2.37x107" [2.50x10 "
873K | 2.66x10" | 3.83x10™" | 4.13x10°" |6.03x10 "
883K | 3.37x10°" | 6.29x10°" | 7.04x10°" |7.93x10 "
893K | 4.93x10°" | 854x10" | 8.76x10° " [1.34x10 "
903K | 7.75x10 " | 1.06x10 " | 1.39x10 "% |2.31x10 "

Table 4 Effect of grain size to the rate constant for increasing
in the moved distance of a liquid-solid interface at

brazing temperature (Al-(Cpr+1.5)at.%Si)(grain size43um)

h2im ?-s Y
brazing W wire W wire W wire
temp.(K) diameter diameter diameter
50m 100m 150m
863K 1.70x10 " 1.96x10 % 2.10x10
873K 254x10 " 271x10° 5 421x10°1
883K 2.98x10 " 413x10° " 7.06x10 "
893K 410x10" 6.38x10 1 9.61x10 "
903K 6.44x10 " 879x10 " 1.15x10
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Table 5 Effect of grain size to the rate constant for increasing
in the moved distance of a liquid-solid interface at

brazing temperature (Al-(Cp+1.5)at.%Si)(grain size 57/m)

him ?-s b
brazing W wire W wire W wire
temp.(K) diameter diameter diameter
50m 100m 150m
863K 1.69x10" 1.90x10" 2.09x10 %
873K 250%10 " 254x10 1 420x10 "
883K 2.97x10 " 4.00x10 " 6.39x10 %
893K 4.09x10 " 6.28x10 " 781x10 "
903K 6.44x10 " 9.16x10 " 1.15x10 "

Table 6 Effect of grain size to the rate constant for increasing
in the moved distance of a liquid-solid interface at

brazing temperature (Al-(Cp+1.5)at.%Si)(grain size 74m)

him ?-s b
brazing W wire W wire W wire
temp.(K) diameter diameter diameter
50m 100m 150m
863K 1.68x10 " 1.80x10 " 1.89x10 "
873K 2.41x10" 250%10 " 3.91x10° "
883K 297x10° " 3.97x10 " 6.37x10
893K 4.09x10 " 6.25x10 12 7.18x10° "8
903K 6.43x10 " 9.14x10" 1.14x10
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moved distance of a liquid-solid interface
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Fig. 31 Effect of brazing temperature and grain size in the

moved distance of a liquid-solid interface
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Table 7 Effect of grain size to the rate constant for increasing

in the moved distance of a liquid-solid interface at

brazing temperature for (Al-12.2at%Si)

brazing h (m S 71)
. ®) grain size| grain Size | grain size H 1
emp.
43um 57um T4m
863K | 1.98x10" | 1.97x10" | 1.94x10 "
873K | 389x10% | 386x10° | 3.83x10°% Eﬂfq =
m
883K | 6.38x10 "™ | 6.34x10" | 6.29x10 "% |- z=/14Ee o
ALO] L =
-13 -13 -13 |FH®PTO
893K | 9.59x10 8.58%10 854x10 | 41 oot ous
903K | 1.40x10% | 1.29x10* | 1.06x10 "

Table 8 Effect of grain size to the rate constant for increasing

in the moved distance of a liquid-solid interface at

brazing temperature for (Al-(Cp+1.5)at.%Si)

brazing = = h (m‘ : S _1) ; "
¢ (K) grain Size| grain Size| grain Size Hl 11
emp.
43¢m 57um [44m
863K | 1.70x10°"® | 1.69x10% | 1.68x107"
A7) 7
873K | 254x10° | 250x107% | 2.41x10" Azkel %
50um
883K | 298x10° % | 297x10 " | 3.97x10 " |- 2712w A4
ALO]l LA =
-13 -13 -13 |[FH=PETTO
893K | 4.10x10 4.09%10 409107 | o1 Bt 2
903K | 6.44x10"° | 6.44x10 " | 6.43x10 "
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Table 9 Effect of grain size to the rate constant for increasing
in the moved distance of a liquid-solid interface at
brazing temperature for (Al-(Cp+1.5)at.%Si)

brazing h (m “s 71)
. ®) grain size| grain Size| grain Size H 11
emp.
43m 57um T4m
863K | 1.96x10"° | 1.90x10 " | 1.80x10"
873K | 271x10°% | 254x10% | 250x10® |- A =
© 100pm
883K | 4.13x10 " | 4.00x10 " | 397x10 " |- =714 Ay
A0l L= -
-13 -13 -13 |[HE®PTO
893K | 6.38x10 6.28%10 6.25510 " |\ 1o Syat oS
903K | 879x10" | 9.16x10 " | 9.14x10®

Table 10 Effect of grain size to the rate constant for increasing

in the moved distance of a liquid-solid interface at

brazing temperature for (Al-(Cp+1.5)at.%Si)

brazing b’ (o Cs _1)
. () grain size| grain size| grain size 2] A
emp.
431m 57um 744m
863K | 2.10x10 % | 2.09x10" | 1.89x107"
T zke]
873K | 421x10% | 420x10% | 391x10% Azke 2
150m
883K | 7.06x10 " | 6.39x10"° | 637108 |- z714dEe a4
ALO] L =
-13 -13 -13 H H w1 e
893K | 9.61x10 7.81x10 718107 | oL 5at 6D
903K | 1.15x10" | 1.15x10" | 1.14x10"
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pure Al side liquid (AI-Si ) side
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concentration of Al (at% )
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Fig. 32 Profile of concentration-distance in diffusion couple
which is composed of(Coat.%Si) liquid phase and solid
pure Al during diffusion time(t) at temperature(T)
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Fig. 33 Evaluation of the change in chemical potentials and
composition due to a change of a phase grain size
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Liquid side

Al side

Fig. 34 Grain morphology of a in vicinity of liquid/a interface.
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grain size |spacer dia.(um) A(m%s™) Q(kJ - mol'})
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