
Changes in the Interface Structure and 
Strength of Diffusion Brazed Joints of 

AI-Si System Alloy Castings 

The diffusion brazing process passes the test for joining aluminum castings 

BY T. OSAWA 

ABSTRACT. The diffusion brazing 
process, which utilizes diffusion be- 
tween the base metal and the filler metal, 
has been tried for joining AI-Si alloy cast- 
ings. If a ternary eutectic AI-Cu-Si alloy 
system with a lower melting point than 
the AI-Si system base metal is produced 
at the braze interface by the diffusion re- 
action between the base metal and the 
copper filler metal, it may be possible to 
join an AI-Si system alloy casting by the 
diffusion brazing process, using a ternary 
eutectic AI-Si-Cu alloy as a filler metal. In 
this experiment both copper and brass 
materials were used as preforms. 

It was clarified that the diffusion braz- 
ing process with a copper or brass pre- 
form could be used for all hypoeutectic, 
eutectic and hypereutectic alloys of AI-Si 
system castings, and that the minimum 
temperature where the braze interface 
showed a liquid phase structure was 
530°C for the copper preform and 510°C 
for the brass preform. The shear strength 
of the diffusion brazed joint was depen- 
dent on the chemical compositions of the 
base metal, the type of material for the 
preform, and brazing temperature and 
time. The maximum strength of the diffu- 
sion brazed joint under optimum condi- 
tions was 130 to 150 MPa for the base 
metal of both AI-7Si and AI-12Si alloy 
castings and 100 to 130 MPa for the base 
metal of AI-20Si alloy casting. The effect 
of brazing time on the strength of the 
brazed joint varied depending on the 
type of preform. The strength of the joint 
with the copper preform is determined 
by the characteristics of the braze inter- 
face structure. With the brass preform, 
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the strength is controlled by the growth 
of silicon grains in the braze interface 
structure. 

Introduction 

It has become comparatively easy to 
braze aluminum and its wrought alloys 
due to the recent developments in tech- 
nology such as vacuum brazing and at- 
mosphere controlled brazing. The un- 
derstanding of the brazing mechanism 
has also become considerably clearer 
(Refs. 1, 2). 

On the contrary, it is extremely diffi- 
cult to braze an aluminum alloy casting, 
and it is only possible, with difficulty, to 
do so by the ultrasonic or rub soldering 
methods. The reason why it is difficult to 
braze an aluminum alloy casting as com- 
pared to a wrought aluminum alloy is be- 
cause the base metal of the casting is eas- 
ily eroded with a molten brazing filler 
metal and wetting is less with the casting 
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(Ref. 3). The purpose of this research on 
the diffusion brazing of an AI-Si system 
alloy casting was to investigate the rela- 
tionship between the brazing conditions 
and the brazed interface structure or the 
strength of the brazed joint. 

The principle of the diffusion brazing 
process is to braze the base metal with a 
low melting point, eutectic alloy filler 
metal that is produced from the diffusion 
reaction between the base metal and a 
preform. This process is different from the 
conventional brazing method because of 
the wetting of the base metal surface with 
molten brazing filler metal (Refs. 4, 5). 
Now, if the AI-Si system alloy casting is 
diffusion brazed with a copper preform, 
it is presumed that the ternary eutectic 
alloy of the AI-Si-Cu system is formed. 
Niemann and Wille made a study of dif- 
fusion brazing an AI-Si casting alloy with 
electroplated copper. Their study was 
from the point of view of a practical ap- 
plication rather than an investigation into 
the basics of the phenomenon (Ref. 6). 

According to the ternary equilibrium 
diagram of the AI-Cu-Si system (Ref. 7), 
there is the ternary eutectic of AI-27Cu- 
5Si formed in this system with a eutectic 
temperature of 525°C (975°F). This tem- 
perature is lower than the melting point 
of the AI-Si alloy casting so that if this eu- 
tectic alloy can be obtained by the diffu- 
sion reaction, copper may be used as a 
preform for the diffusion brazing of an AI- 
Si system alloy casting. Therefore, both 
copper and brass materials were used as 
preforms in this experiment. The reason 
for using both copper and brass as pre- 
forms was that some specific changes in 
brazing temperature, structure at the dif- 
fusion braze interface, and strength of the 
diffusion brazed joint were expected to 
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occur with the presence of zinc at the 
braze interface. 

Test Piece and Experimental 
Procedure 

The aluminum alloy casting systems 
used for this investigation were AI-7Si 
hypoeutectic, AI-12Si eutectic and AI- 
20Si hypereutectic as shown in Table 1. 
The test pieces used for the observation 
of the braze interface structu re were disks 
of 15 x 3 mm (0.6 x 0.12 in.) machined 
from aluminum alloy rods cast in the size 
of 20 x 150 mm (0.8 x 6 in.). For testing 
braze joint strength, test pieces of 10 x 20 
x 5 mm (0.4 x 0.8 x 0.2 in.) were ma- 
chined from an aluminum alloy, which 
had been cast in the size of 15 x 25 x 150 
mm (0.6 x 1 x 6 in.). None of the alu- 
minum alloy castings was specially 
treated for modification. Foils of both 
pure copper (JIS DCuP1) and brass (JIS 
BsP1), 50-1am thick, were used for the 
preforms. 

To prepare for diffusion brazing, the 
surfaces of the test pieces were polished 
with emery paper No. 2 and washed with 
the ultrasonic cleaning method for de- 
greasing with trichloroethylene. Two test 
plates were fastened by a jig with a pre- 
form between them and then heated in a 
tubular furnace with a hydrogen atmos- 
phere. The test pieces were fastened in a 
jig with the torque force of 2.9 Nm. The 
dew point of the hydrogen gas was -40 ° 
to -4°C (-40 ° to 25°F). The brazing tem- 
perature was 5000-540 ° +2°C 
(932°-1004 ° +3.8°F) for a brazing time 
of 2 to 30 min. Although the hydrogen 
gas does not reduce the oxide film of the 
AI-Si system at this experimental temper- 
ature, it was obvious that the hydrogen 
atmosphere produced a ternary or qua- 
ternary eutectic alloy in the molten state 
that was more wettable on the base metal 
of the AI-Si casting than other brazing at- 
mospheres such as nitrogen or argon. 
This is the reason hydrogen gas was used 
as the brazing atmosphere. The center of 
the brazed test piece was cut at a right 
angle for both microscopic examination 
and EPMA analysis. The lap joint 
schematically shown in Fig. 1 was used 
for the strength test of the diffusion 
brazed joint. The shear strength was 
tested by compression load with the jig 
as shown in Fig. 2. 

Experimental Results 
and Discussion 

Reaction between AI-Si System 
Alloy Casting and Copper 

The type of diffusion reaction be- 

tween the AI-Si system alloy 
casting and the preform nat- 
urally varies depending on 
its temperature. Figure 3 
shows the microstructures 
of the braze interface result- 
ing from the diffusion reac- 
tion between AI-12Si and 
copper. In the case where 
the brazing temperature is 
520°C (968°F), which is | 
lower than the ternary eu- l tectic temperature of the AI- 
Cu-Si system alloy, an alloy 
layer consisting of a Cu-AI 
intermetallic compound is 
noticed at the interface be- 
tween the base metal and 
the copper. It is surmised 
that only solid diffusion 
must be taking place. How- 
ever, in the case where the 
brazing temperature is 530°C (986°F), 
which is higher than the ternary eutectic 
point, the liquid phase structure caused 
by both of them (i.e., the presence of the 
AI-Cu-Si system eutectic alloy) can be 
recognized from the metallography. 
Moreover, something similar to a black 
band seen at the boundary between the 
AI-Si alloy casting and copper in Fig. 3 is 
the marker (mica foil) inserted before dif- 
fusion brazing to indicate the boundary. 

As described above, the braze inter- 
face shows the liquid phase 
structure under the proper 
brazing condition, and 
there is no inferiority in the 
fluidity of molten brazing 
filler metal and the braze 
interface structure as com- 
pared with that of a con- 
ventional brazing process. 
Here, the "l iquid phase 
structure" means the solid- 
ified structure of the alloy 
with a low melting point, 
which has been produced 
in the diffusion brazing 
process, turned into the liq- 
uid phase (liquid state) at 
the interface, and cooled 
down after the completion 
of brazing. 

Thus, the diffusion braz- 
ing process seems to be a 
very useful means to braze 
this base metal, which is 
difficult to wet with other 
molten brazing filler met- 
als. 

Structure of the Braze Inter- 
face 

From the standpoint of 
brazeability and braze joint 
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Fig. 1 - -  Dimensions of the specimen used for the test of  joint 
brazed strength (ram). 

Table 1 -- Chemical Composition of 
Prepared AI-SI Alloy Castings 

Composition (wt-%) 
Alloy Casting Si AI 

AI-7%Si 7.12 _ 0.05 bal. 
Al-12%Si 11.16 _+ 0.08 bal. 
AI-20%Si 20.92 ___ 0.14 bal. 
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Fig. 2 - -  Jig used for the shear strength test of  the diffusion 
brazed joints. 
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Fig. 3 - -  Microstructures o f  the diffusion 
brazed AI-Si alloy casting with a copper pre- 
form brazed at 520°C (top) and 530°C (bot- 
tom) for two min. A - -  Al-12Si alloy casting; 
B - -  copper preform; C - -  alloy layer; D - -  
ternary eutectic AI-Si-Cu alloy system; E - -  
mica foi l  marking the interface between AI-Si 
al loy casting and copper preform. 

strength, it is important in the diffusion 
brazing process that the braze interface 
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Fig. 4 - -  Effects o f  heating time and temperature on the formation 
of  the l iquid phase between AI-Si castings and copper or brass pre- 
forms. 

has a liquid phase structure. Therefore, 
based on the interface structure of the test 
pieces diffusion brazed under various 
conditions, the relationship between the 
brazing time and the temperature at 
which the liquid phase structure between 
the preform and AI-Si alloy casting is 
formed was investigated. Figure 4 shows 
the results of this where preforms of both 
copper and brass were used. In Fig. 4, the 
symbols • and • indicate that the re- 
mainder of both copper or brass from the 
preform can be microscopically noticed 
at the joint. The symbols O and V indi- 
cate that it thoroughly disappears, and 
the complete liquid phase structure can 
be noticed. The symbol O indicates that 
the liquid phase structure can partly be 
noticed, but the copper preform still ex- 
ists. Respective curves show the lowest 
temperature for the liquid phase struc- 
ture. As the ternary eutectic temperature 
for AI-Cu-Si system alloy is 525°C 
(977°F) when copper is the preform, the 
complete liquid phase structure is not no- 
ticed at the brazing temperature of 570°C 
(1058°F). In the case where brass is used 
for the preform, the lowest temperature 
for the liquid phase structure is about 
510°C (950°F), which is 15°C lower than 
in the case of copper. The reason for this 
is thought to be that the eutectic temper- 
ature drops due to the existence of zinc. 

In other words, although 
the existence of the qua- 
ternary eutectic alloy of 
AI-Cu-Si-Zn system is not 
obvious, it seems to be 
due to the formation of 
the liquid phase of AI-Cu- 
Zn system ternary eutec- 
tic alloy (Ref. 8), prior to 
the formation of the 
ternary eutectic alloy of 
the AI-Cu-Si system. 

Figure 5 shows the 
microstructures of the 
braze interface in the re- 
spective base metals of 
the AI-Si alloy casting 
with the different copper 
and brass preform materi- 
als. In the case where the 
brazing temperature is 
500°C (932°F), the liquid 
phase structure does not 
appear at the brazing in- 
terface of any base metal 
regardless of type of pre- 
forms, and only the exis- 
tence of an alloy layer is 
microscopically noticed 
between the base metal 
and the preform. In this 
case, it can be said to be 
a simple solid phase dif- 
fusion joint. 

In the case where the brazing temper- 
ature is 520°C, the interface structure 
varies depending on the type of preform, 
and if it is copper, the liquid phase struc- 
ture does not appear, but only the alloy 
layer, due to the solid phase diffusion. 
However, in the case where the preform 
is brass, the complete liquid phase struc- 
ture appears at the brazing interface, 
which is wholly the same as the interface 
structure produced by the conventional 
brazing methods. Furthermore, a lot of 
the silicon grains, which can be seen in 
the braze interface structure, seem to be 
excessively segregated at the time of the 
formation of the quaternary eutectic 
alloy. This alloy consists of AI-Cu-Si-Zn 
formed from the mutual diffusion be- 
tween the base metal and the preform. 

In the case where the brazing temper- 
ature is 530°C, which is higher than the 
ternary eutectic temperature of the AI- 
Cu-Si system, even if the preform is cop- 
per, the liquid phase structure appears at 
the diffusion braze interface. Where 
brass is used for the preform, the silicon 
solidifies in the structure in a coarse man- 
ner. If the brazing temperature increases 
further to 540°C, the complete liquid 
phase structure appears for both copper 
and brass preforms, and the growth of 
coarse grains in the latter is especially 
significant. 

Moreover, the amount of silicon con- 
tent in the base metal does not seem to 
contribute to the formation of the liquid 
phase structure, but it seems to rather af- 
fect the formation of silicon grains and 
their distribution, as described later. 

Analysis of Diffusion Braze Interface 
with EPMA 

The results of EPMA line analysis of an 
AI-7Si braze interface are shown in Fig. 
6. It is clarified that in the diffusion 
brazed joint with the copper preform at a 
brazing temperature of 500°C an alloy 
layer can be noticed between the base 
metal and the copper. By comparing the 
relation between the relative content of 
the respective compositions and from the 
binary phase diagram of AI-Cu system 
alloy (Ref. 9), the formed alloy layer of in- 
termetallic compound seems to consist 
of 8 phase (CuAI 2) and 8 phase (Cu3AI 2) 
from the base metal side. Furthermore, it 
is concluded from the results of micro- 
scopic examination that the alloy layer 
consists of three layers, and the fine layer, 
which can be seen between the 8 and 
phases, may be the 1] phase (CuAI). In the 
case where the preform is brass, it re- 
mains at the interface, and the diffusion of 
zinc into the base metal can be noticed• 

In the case where the preform is cop- 
per, the alloy layer increases at the braz- 
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Fig. 5 - -  Microstructures of  the jo int  interfaces for diffusion brazed AI-Si al loy casting with copper or brass preforms. A - -  Brazed at 
500°C for 30 rain; B - -  brazed at 520°C for 2 min;  C - -  brazed at 530°C for 2 min; D - -  brazed at 540°C for 2 min. 

ing temperature of 520°C. The liquid 
phase structure can be partly seen, but 
the copper still exists. In the case where 
the preform is brass, however, no brass 
exists, but aluminum, copper, silicon and 
zinc exist together at the brazing inter- 
face, the structure of which is presumed 
to be a quaternary eutectic alloy of the 
AI-Cu-Si-Zn system. In other words, it 
means that the liquid phase has been 
formed in the brazing process. As shown 
in Fig. 5, the liquid phase structure, when 
the preform is copper, is presumed to be 
a ternary eutectic alloy of the AI-Cu-Si 
system as well. 

Effect of Diffusion Brazing Temperature and 
Time on the Crystallized Silicon Grain Size 

It is reported that the mechanical 
strength of the hypereutectic AI-Si alloy 
casting is affected by the size of the pri- 
mary crystal of the silicon (Refs. 10, 11). 
Thus, the strength of a diffusion brazed 
joint seems to be significantly affected by 
the size and number of silicon grains 
crystallized at the braze interface when 
the ternary eutectic AI-Cu-Si alloy is 
formed. 

Figure 7 shows the effect of the braz- 
ing time on the number and the average 
diameter of the primary crystal silicon 
grain. The measurement was carried out 
at three central locations, which have 
been divided equally in vertical sections 
from the center of the test piece, and the 
average of their measured results is 
shown. The number of silicon grains per 
50 x 50 mm square were checked using 

a magnifying power of 200X. The aver- 
age diameter between the maximum and 
the minimum was also established. 

As shown in Fig. 7, the total number 
of silicon grains at the braze interface is 
related to the amount of silicon content 
in the base metal. It is the largest in the 
case of the AI-12Si base metal, which 
consists almost entirely of a eutectic 
composition. It is assumed the reason for 
this is that the number of silicon grains 
crystallized per unit volume (or unit area) 
depends on the amount of the AI-Si sys- 
tem eutectic composition per unit vol- 
ume (or unit area) in the base metal. This 
is because of the solubility limit for the 
copper or brass preform, which are solu- 
ble in the ternary eutectic alloy system of 
AI-Cu-Si or the quaternary eutectic alloy 
system of AI-Cu-Si-Zn. That is the reason 
why the number of crystallized silicon 
grains is most with the AI-12Si alloy cast- 
ing. 

It is obvious also in Fig. 7 that the ef- 
fect of brazing ti me on the diameter of sil- 
icon grains depends on the type of pre- 
form. Thus, in the diffusion brazed joint 
with the copper preform, excluding the 
base metal of AI-20Si alloy casting, the 
brazing time does not affect the diameter 
of silicon grains very much. With the 
brass preform, though, in accordance 
with the increase of brazing time, the 
grains grow significantly to be coarse. 
Furthermore, the diameters of silicon 
grains in the AI-20Si alloy casting be- 
come larger than those in other base met- 
als because the primary crystal silicon 
existing in the base metal moves partly to 

the braze interface. 
The main reason why the effect of 

brazing time on the diameter of silicon 
grains is different between the preforms 
is assumed to be due to the difference be- 
tween the diffusion coefficient of the 
copper preform and the brass preform to 
the AI-Si system alloy casting. As the dif- 
fusion coefficient of the zinc contained in 
the brass preform to the base metal of AI- 
Si system alloy casting is presumed to be 
larger than that of copper, it may ease the 
formation of the quaternary eutectic 
alloy system of AI-Cu-Si-Zn. Although 
the diffusion coefficient of copper or zinc 
to the AI-Si system casting alloy is not 
clarified yet, it is recognized that the dif- 
fusion coefficient of zinc to aluminum is 
larger than that of copper (Ref. 12). This 
may expedite the crystallization of sili- 
con grains by spewing out excessive sili- 
con, and it may promote the disgorging 
of silicon, copper and aluminum by the 
preceding diffusion of zinc from the pro- 
duced quaternary AI-Cu-Si-Zn system 
alloy to base metal. Thus, the spewed sil- 
icon contributes to the growth of silicon- 
grains, which have already been crystal- 
lized at the time of formation of the 
quaternary eutectic alloy of AI-Cu-Si-Zn 
system so that the silicon grains grow up 
to be coarse. Since the process pro- 
gresses with the increase of brazing 
timethe longer brazing time seems to be 
the cause for the growth of silicon grain 
diameter in the case of the brass preform. 
Furthermore, the disgorged copper and 
aluminum seem to grow to be an 0c phase 
crystal of the AI-Cu system alloy at the 
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Fig. 7 - -  The number and mean diameter of Si particles crystallized in the joint interfaces diffusion brazed at 540°C. 

braze interface• 

S t r e n g t h  o f  t h e  D i f f u s i o n  B r a z e d  Joint  

Figure 8 shows the effect of brazing 
temperature and time on the strength of 
the diffusion brazed joints of various AI- 
Si system alloy castings• It is obvious from 
Fig. 8 that the strength of the diffusion 
brazed joint with the copper preform is al- 
most constant with a brazing temperature 
of 500°C. This is lower than the ternary 
eutectic temperature of the AI-Cu-Si sys- 
tem, and this system has a low strength. 
However, the strength of the joint when 
diffusion brazed at 530 ° and 540°C, 
where the liquid phase of the ternary eu- 
tectic AI-Cu-Si alloy system is formed, is 
higher than that at 500°C where the liq- 
uid phase cannot be formed• Moreover, 
the strength of the brazed joint for all base 
metals has a tendency to increase with an 
increase in brazing time, excluding the 
brazing temperature of 500°C where the 
increase in strength is greater at the 
shorter brazing time. 

On the other hand, the strength of the 
joint with the brass preform brazed at 
520 ° and 540°C, where liquid phase 
must be produced, decreases with the in- 
crease of brazing time, excluding the 
brazing temperature of 500°C. Further- 

more, by heating up to 
500°C, which is lower than 
the quaternary eutectic 
temperature of the AI-Cu- 
Si-Zn system alloy, the 
strength of the diffusion 
brazed joint becomes low 
and almost constant, re- 
gardless of brazing time, 
which is the same as with 
the copper preform• 

As mentioned above, 
the effect of brazing time 
on the strength of the diffu- 
sion brazed joint having a 
liquid phase structure de- 
pends on the type of pre- 
form material• Two factors 
that affect the strength of a 
diffusion brazed joint are 1) 
the characteristics of the 
diffusion brazed interface 
structure and 2) the grain 
growth of the crystallized 
silicon grain• 

The characteristics of 
the braze interface may be 
affected by the dissolution 
of base metal into a liquid 
phase during the brazing 
process, from which the 
brittle characteristics of the 
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Fig. 9 - -  Microstructures o f  ruptured joints. A 
- -  Brazed at 500°C with copper insert; B - -  
brazed at 540°C with copper insert. 

eutectic alloy may be improved. There- 
fore, depending on the dissolution of base 
metal, the strength of the diffusion brazed 
joint with a copper preform increases 
with the increase of brazing time and fi- 
nally reaches the equilibrium strength. 
On the other hand, the strength of the dif- 
fusion brazed joint with a brass preform 
seems to reach the equilibrium strength in 
a short time. This probably occurs within 
two min since the dissolution velocity of 
the base metal may increase depending 
on the greater temperature difference be- 
tween the melting point of the liquid 
phase and the brazing temperature com- 
pared to the copper preform. Then, the 
hardness of the diffusion braze interface 
of the AI-12Si base metal joined with a 
copper preform at 530°C is HV 170 to 
220 for the brazing time of two min and 
HV 130 to 180 for the brazing time of 30 
min. The hardness of the diffusion braze 
interface structure of AI-12Si alloy brazed 
with the brass preform at 520°C is HV 220 
to 225 for the brazing time of two min and 
HV 210 to 220 for the brazing time of 30 
min. The above means that the strength of 
the diffusion brazed joint is affected by 
the characteristics of the braze interface, 
that is, by the variation in hardness 
caused by the dissolution of base metal 
into the liquid phase. 

As for the effect of silicon grain size on 
the strength of the diffusion brazed joint 

with the copper preform, there seems to 
be little effect since the size of the crystal- 
lized silicon grain at the diffusion brazed 
interface is not affected much by the braz- 
ing time, as is shown in Fig. 7. The strength 
of the diffusion brazed joint with the brass 
preform, however, seems to decrease with 
the increase of brazing time since the sili- 
con grains grow coarse with the increase 
of brazing time so that a crack is easily ini- 
tiated at the interface between the silicon 
grains and the quaternary eutectic alloy of 
the AI-Cu-Si-Zn system. The fact that the 
quaternary eutectic alloy of the AI-Cu-Si- 
Zn system's liquid phase structure is 
harder and more brittle than the ternary 
eutectic alloy of the AI-Cu-Si system is 
considered to be a reason why the strength 
of the diffusion brazed joint with the brass 
preform is affected by the size of crystal- 
lized silicon grains. 

The maximum strength of the brazed 
joint under the optimum conditions is 
130 to 150 MPa for both AI-7Si and AI- 
12Si alloy castings and 100 to 130 MPa 
for the AI-20Si alloy casting. These val- 
ues are higher than the 40 to 80 MPa for 
conventional low-temperature soldered 
joints of wrought aluminum base mater- 
ial (Ref. 13), but a little lower than 137 
MPa for the high-temperature soldering 
of AI-20Si alloy casting (Ref. 12). One of 
the reasons for the low strength of diffu- 
sion brazed joints of AI-20Si alloy cast- 
ing is the size of crystallized primary sil- 
icon grains at the braze interface, which 
are produced by base metal erosion and 
partially exist there. 

Figure 9 shows an example of a frac- 
ture in the brazed joint and the initiation 
of the crack near the fracture point. In the 
case where the brazing temperature is 
500°C, the liquid phase is not formed as 
it is lower than the ternary eutectic tem- 
perature of AI-Cu-Si system alloy, thus the 
copper preform still exists at the brazed 
joint and the fracture occurs at the inter- 
face between the preform and the formed 
alloy layer. This implies the reason why 
the strength of the diffusion brazed joint 
with the copper preform is reduced and 
shows a constant value regardless of the 
brazing time. On the other hand, with the 
joint brazed at 540°C, where the liquid 
phase is formed, the crack propagates 
through the crystallized silicon grains. 
This fact means that a crack is apt to ini- 
tiate at the interface between the brittle 
eutectic alloy of liquid phase structure 
and the hard silicon grains. Therefore, the 
strength of the brazed joint is significantly 
affected by the existence of silicon grains, 
and their number and size must be im- 
portant factors. 

Summary 

Regarding the diffusion brazing of an 

AI-Si system alloy casting, the results of 
the investigation on the relationship be- 
tween the variation of brazed interface 
structure and the strength of the brazed 
joint are as follows: 

1 ) The diffusion brazing process for an 
AI-Si system alloy casting with copper or 
brass preform can apply to all hypoeu- 
tectic, eutectic and hypereutectic alloys. 

2) The minimum temperature where 
the diffusion braze interface shows a liq- 
uid phase structure is 530°C for the cop- 
per preform and 510°C for the brass pre- 
form. 

3) The shear strength of a diffusion 
brazed joint depends on the chemical 
composition of the base metal, the mate- 
rial of preform, and brazing temperature 
and time. The maximum strengths for dif- 
fusion brazed joints under the optimum 
conditions are 130 to 150 MPa for both 
AI-7Si and AI-12Si alloy castings and 100 
to 130 MPa for the AI-20Si alloy casting. 

4) The effect of brazing time on the 
strength of a diffusion brazed joint varies 
depending on the type of material for the 
preform. The strength of the diffusion 
brazed joint with the copper preform is 
determined by the characteristics of the 
brazed interface structure and that with 
the brass preform is controlled by the 
growth of silicon grains in the braze in- 
terface structure. 
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