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Effect of Bismuth Addition to Brazing Sheet Claddings on
Fluxless Brazability of Aluminumf

Tadashi TAKEMOTO * and Ikuo OKAMOTO **

Abstract

Fluxless brazing was made ina vacuum down to 2 x 10 -5 torr at 600°C for 3 min using Al-10%Si-1%Mg filler alloys
containing Bi up to 0.4% in the form of brazing sheet claddings. Fluxless brazing was also made in reduced nitrogen gas
atmosphere down to 10-! torr and in purified nitrogen gas at 760 torr using Al-10%Si filler alloys containing Biup to
0.4%. An addition of Bi particularly 0.05 to 0.1% to brazing sheet claddings improves the length of filled clearance and
leg length ratio in all the brazing processes. Although the flow factor is unchanged, the fillet form is homogenized by the
use of Bi bearing brazing sheets. Bi freely exists in Al-10%Si filler alloys, while it combines with Mg in Al-10%Si-1%Mg
filler alloys. The mechanism of improving the brazability by Bi addition in vacuum brazing processes is attributed to that
Mg and Bi or Bi vaporize at low temperatures breaking down the surface oxide film on brazing sheets, and Mg and Bi
prevent reoxidation of the fresh surface produced during heating by gettering oxygen in the brazing furnace.

KEY WORDS:

1. Introduction

The vacuum brazing process of aluminum had been
remarkably advanced by the development of the brazing
sheet with Mg bearing Al-Si-Mg claddings. The prominent
feature of the process is the so called “getter action” of
Mg in brazing sheet claddings. During heating to the
brazing temperature, vaporized Mg from the claddings
reacts to the moisture and oxygen in a brazing furnace
and traps them, this reaction provides the clean vacuum
atmosphere and permits the new clean brazing metal to
flow and results in good brazability. Despite the merits of
the improvement by the use of Mg bearing alloy, some
problems have been remained to be solved due to the
adhered Mg and Mg oxide which attached to the furnace
walls. They adsorbs the moisture and oxygen when the
furnace is subjected to air atmosphere, and the removal of
them in air atmosphere is rather dangerous and expensive.
Therefore, Al-Si-Mg clad alloys with low Mg content are
preferable. Many investigations have been performed to
lower the Mg content in clad alloys without decreasing the
brazability. It has been found that the small addition of Bi
enables to decrease the Mg content in cladding!’>?) and to
improve the flowability and the ability of clearance filling
even in the low vacuum level brazing condition
the other fluxless brazing processes such as purified
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nitrogen gas process at atmospheric pressure and carrier
gas process, not only Bi but also Ba, Sb and Sr are re-
garded as the effective elements®) 7), however, the role of
Bi in fluxless brazing has not been clarified yet even the
process has already been used in commercial brazing
processes.

The aim of this article is to investigate the effect of Bi
in the brazing sheet claddings on the fluxless brazability,
the existing form of Bi and the role of Bi in the fluxless
brazing process.

2. Materials and Experimental Procedures

Brazability was evaluated by the fillet formation test of
tee type joint with a vertical brazing sheet member and a
horizontal base plate member. The brazing sheets of
1.2 mm thickness are consisted of 1 mm thickness A 3003
core material and 0.1 mm thickness clad material (filler
alloy) on both sides. The base plate is A 1100 commercial
pure aluminum (0.13%Fe, 0.08%Si, 0.03%Cu, 0.02%Mn,
balanced Al). The fundamental composition of filler
alloys are Al-10Si and Al-10Si-1Mg, and the alloys con-
tained Bi up to 0.4%. Table 1 gives the chemical composi-
tions of the filler alloy claddings on brazing sheets. Prior

" to brazing, base plate (A 1100) surface was ground by 600
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Table 1 Chemical compositions of filler alloy claddings
on brazing sheets (wt%)

Brazing i Mg Si  Fe Zn Al
BS-1 0 0.91 9.64 0.15 0.01 bal.
BS-2 0.049 0.92 9.86 0.15 0.01 bal.
BS-3 0.094 0.84 9.70 0.17 0.04 bal.
BS-4  0.173 0.93 10.17 0.14 0.02 bal.
BS-5 0.381 0.90 9.95 0.15 0.02 bal.
BS-6 0 tr. 10.04 0.15 0.01 bal.
BS-7 0.057 tr. 9.98 0.14 0.01 bal
BS-8 0.098 tr. 9.92 0.16 0.01' bal.
BS-9 0.167 . 10.16 0.15 0.01 bal.
BS-10 0.374 . 9.86 0.17 0.0l bal.

Cu: 0.01, Ni: 0.01, Ti: 0.01~0.02
Mn: tr., Cr: tr.~0.01

grade emery paper, but the plates for the brazing with
1%Mg bearing BS-1 ~ 5 were only degreased the as
received surface in an ultrasonic acetone bath under
consideration of commercial process. The surface of
brazing sheet was only degreased by acetone. Three dif-
ferent fluxless brazing process were adopted: 1) vacuum
(2 x 1073 torr), 2) purified N, gas (dew point < —68°C,
760 torr), 3) carrier gas (evacuating the brazing furnace by
a rotary pump and introduces the minute amount of N,
gas maintaining the pressure of about 107! torr). All
kinds of brazing sheets (BS-1 ~ 10) were used in vacuum
brazing processes, but Mg less BS-6 ~ 10 were used in the
other two processes under consideration of practical use.

Figure 1 shows the shape and size of brazing test
specimens. Brazability were evaluated by the measure-
ment of the length of filled clearance of type A specimen
(X #) as shown in Fig. 1(a). The type B specimen shown in
Fig. 1(b) is deviced from the point of view that the stabili-
ty of brazing results is important even the existence of
incline in base plate. After brazing the type B specimen,
the filled clearance length of up side (Xv) and down side
(Xp) were measured. The other brazing parameters such
as fillet leg length ratio, L, /Ly ® (L : vertical leg length,
L y: horizontal leg length), flow factor, k, [k=(to —1)/2 te,
t,: thickness of brazing sheet before brazing, #: thickness
of brazing sheet after brazing, fy: thickness of the filler
alloy cladding] were also measured to evaluate the
brazability (Fig. 2). The scanning electron microscope,
energy dispersive X-ray analysis and Auge electron spec-
troscopy were used to observe the existence form of Bi in
brazing sheet claddings.
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Fig. 2 Representation of flow factor (k) and fillet leg length
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length, k= (19 —1)/2tg).
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3. Experimental Results
3.1. Length of filled clearance

The braze results -on the length of filled clearance of
A type specimen in the different fluxless brazing atmos-
pheres are shown in Fig. 3. In all processes the brazing
sheets without Bi yielded the relatively short filled clear-
ance length (Xj), and the addition of Bi up to 0.1%
increased Xy, but remarkable change in Xy was not
found in the range of 0.1 ~ 0.4%Bi. The vacuum brazing
results using Mg bearing BS-1 ~ 5 indicates the effect of
surface treatment of base plate, namely, X, of as de-
greased base plate is slightly shorter than that of emery
polished base plate. Therefore, it is found that the 1%Mg
in brazing sheet cladding is not sufficient to remove the
surface oxide on as received surface completely. The
degree of improvement of Xy by Bi addition up to 0.1%
in vacuum process is seemed to be slightly different from
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Fig.3 Effect of Bi content in brazing sheet claddings on length
of filled clearance of type A specimen under various
brazing conditions.

the other fluxless processes.

The braze results on the length of filled clearance of
B type specimen are shown in Fig. 4. In vacuum process
(BS-1 ~ 5, base plate surface: as degreased), the length of
up side fillet (X ;) was larger than that of down side fillet
(Xp) indicating that the alloys had a tendency to gather
at lower side. To assure the stable braze results, the longer
filled clearance is preferable even the existence of incline
in base plate. So the total length of filled clearance,
Xvu + Xp, has the significance to compare the brazability
of B type specimen. As well as the A type specimen, the
brazing sheets with 0.05 ~ 0.1%Bi showed large value of
Xy + Xp. In purified N, process, Xy is longer than Xp in
Bi less brazing sheets. The appearance of brazed specimen
without Bi showed the surface flow of filler alloy resulting
the long horizontal fillet leg length. Due to this surface
flow of molten filler alloy on base plate, X, by purified
N, process seems to be decreased. Similar to the vacuum
brazing process, the addition of 0.05 ~ 0.1%Bi gives large
Xv+Xp.

32. L,/Ly

Figure 5 shows the effect of Bi content on L /Ly in
various brazing methods. In vacuum process using emery
polished base plate, L, /Ly exceeded the value of 0.95
irrespective of the Bi content in brazing sheet claddings.
All fillets exhibited excellent fillet form meaning that Bi
addition had no effect on L, /Ly in the case of emery
polished base plate. However, in the case of as degreased
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Fig. 4 Effect of Bi content in brazing sheet claddings on length
of filled clearance of type B specimen under vacuum and
purified nitrogen gas
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Fig.5 Effect of Bi content in brazing sheet claddings on L y/L i

base plate, the small addition of Bi increased L /Ly, the
values were slightly smaller than those of emery polished
base plate. The effect of small addition of Bi on the rise of
the values of L /Ly is also evident in the fluxless brazing
methods with Mg less BS-6 ~ 10, especially the improve-
ment effect is remarkable in vacuum and purified N, gas
processes. In vacuum and purified N, gas processes with
Mg less brazing sheets, the molten filler alloy flows on the
horizontal base plate, which provides bad fillet form with
long Ly, resulting low values of L /L, ranging 0.4 ~ 0.6.
However, the addition of 0.05%Bi improved the brazabili-
ty remarkably and the values exceeded 0.85. The addition
of Bi exceeding 0.1% seems to have no further favourable
effect on L /L. The results of L /L indicates that the
addition of 0.05 ~ 0.1%Bi is sufficient for the improve-
ment of brazability. In addition to this, similar to the
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length of filled clearance, the effect of Bi addition is the
most dominant in purified N, gas process.

Figure 6 shows the flow factor of each brazing sheet in
various brazing processes. In vacuum and carrier gas pro-
cesses, the values are almost constant (about 0.6) irrespec-
tive of Bi content. In purified N, process, the flow factors
of Bi bearing brazing sheets seems about 10% larger than
those of Bi less brazing sheets. The exact reason is not
known, however, the length of filled clearance in Bibear-
ing alloys are about more than 40% longer than Bi less
alloys. The extended filled clearance seems to depend not
only on the difference in flow factors but also the other
factors such as the spread loss. A part of the molten filler
alloy flew on the base plate which gave any contribution
to the fillet formation. The case of low L, /L, value
with large Ly should result in the large crosssectional fillet
area. Therefore under the condition of the same volume
of molten filler alloys, the length of filled clearance
becomes short. .

The appearance of the fillet of A type specimen is
slightly different in BS-1 ~ 5 as shown in Fig. 7. The fillet
size distribution along longitudinal direction is not uni-
form in Bi less BS-1 (Fig. 7(2)), however, the distribution
is uniform in Bi bearing alloys as shown in Fig. 7(b) and
(c). It is clear that the uniform distribution of fillet
offered the long filled clearance. The ununiformity of the
fillet size distribution is pronounced in the filled clearance
test specimen (A type). In the usual inverse tee type
specimen, fillet size distribution was rather uniform even
in Bi less specimen as shown in Fig. 8.

Under the hypothesis that the length of filled clearance
is represented by the similar equation to the capillary
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Fig. 6 Effect of Bi content on flow factor of brazing sheet
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Fig. 7 Appearance of brazed specimens of type A, (a) BS-1,
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Fig. 8 Appearance of brazed tee type specimens, (a) BS-1,
(b) BS-4

length between the two vertical parallel plates9), the
length of filled clearance will follow the following equa-

tion.

Xu =k (Ys—Yygs)

Xug @ length of filled clearance

Yy : surface tension of solid

Yes : interfacial tension between solid and liquid

k : constant depends on density, gravity, clearance

and etc.

From Young-Dupre’s equation, ¥ = Ypcos8 + Y, Eq.
(1) is represented as follows;

Xy =k -7 cosb
Ye : surface tention of liquid
6 : contact angle

As 7, is considered to decrease by the addition of Bi to
brazing sheet claddings'>'°>1D increment of Xz by
addition of Bi is seemed to be attributable to the decrease
in # which means that the addition of Bi promoted
wetting.

3.3. Scanning electron microscopic observations

The surface of brazing sheet of as received condition
and after brazing heat cycles was observed by scanning
electron microscope. Secondary electron images of the as
received surface of BS-5 and 10 are represented in Fig. 9,
where the line analysis of each element is also shown. The
analyzed position is the horizontal white line at center of
micrographs. For examples of Bi bearing alloys with and
without Mg, the results of BS-5 and 10 are shown in
Fig. 9. In Mg bearing BS-5, Bi exists together with Mg. On
the other hand, in Mg less alloys, Bi freely exists, which

(c)

(b) BS-3, (c) BS-4
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Scanning electron micrographs and energy dispersive line

analysis of brazing sheets of as received, (a) (b) BS-5
(Al-10Si-1 Mg-0.4Bi), (c) (d) BS-10 (A1-108Si-0.4Bi)

oA s P
B

Fig. 10 Scanning electron micrographs and energy dispersive line
analysis of brazing sheets after heating at 520°C for 20
min in vacuum, (a) BS-5, (b) BS-10
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corresponds that Bi does not dissolve into Al and Si'?.

Figure 10 is the micrographs of BS-5 and 10 after heating
at 520°C for 20 min in a vacuum. In Mg bearing alloys, a
part of particles containing Bi becomes somewhat globular
and the surrounding part exhibits the-figure like a crater.
Due to the existence of Al-Mg-Bi system ternary eutectic
point at 435°C'®), the Bi rich portion has once melted
when heated to 520°C and a part of Bi and Mg has
vaporized. On the contrary, Bi freely existed in Mg less
BS-10 brazing sheet. Bi particle begins to melt at its
melting point, 271°C, so the every Bi particle showed
relatively globular shape. As the Bi particle in BS-10 is
larger than the Bi containing particle in BS-5, the vapori-
zation rate of Bi is slower in the former brazing sheet.
Figure 11 shows the surface of brazing sheet after
heating at 555°C for 20 min in a vacuum. The differential
thermal analysis on filler alloy with the same composition
as BS-5 cladding revealed that the alloy has already
partially melted at this temperature. As shown in the
micrographs, it was difficult to find out the particles
containing Bi in BS-5 and 10, 'therefore almost of Bi in
brazing sheet claddings were supposed to be vaporized. On
the other hand, in purified N, gas, the Bi containing
particles were presented in both BS-5 and 10 after heating
at 555°C for 20 min (Fig. 12), indicating that the vapori-
zation rate of Bi in purified N, atmosphere at 760 torr
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Fig. 11 Scanning. electron micrographs and energy dispersive line
analysis of brazing sheets after heating at 555°C for 20
min in vacuum, (a) BS-5, (b) BS-10

Fig. 12 Scanning electron micrographs and energy dispersive line
analysis of brazing sheets after heating at 555°C for 20
min in N, gas (a) BS-5, (b) BS-10
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was slower than in a vacuum of 107° torr.
It was difficult to find out the Bi containing particles

by energy dispersive analysis on brazing sheet surface after
‘brazing. The electron probe analysis by Kawase ez alV
. found similar results, so the Bi seems to have been com-
'pl'étely vaporized during brazing heat cycle. Figure 13

shows the Auger spectrum by Auger electron spectro-
scopy on BS-3 after vacuum brazing. The clear peaks of
0,, MgO, Al, 03, Siand also the small peaks of Bi and Ca
appear. After Ar sputtering for 1 min (2 kV, 30 mA), the
peaks of Bi, Ca and MgO become small and the spectrum
of Al, O3 changes. As the spectrum of Bi also changes, it
seems that the Bi existed as oxide at surface layer. By
further sputtering, the spectrum of Al,0O3 changes into
Al and after 4 min sputtering, the spectrum completely
becomes to the spectrum of Al. Fig. 14 shows the rela-
tions between the peak to peak height of oxygen and the
sputtering time. As mentioned above, after sputtering for
4 min, the spectrum of Al, O3 changed into Al in BS-3,
but in Mg less BS-8 it took about 40 min to change the
spectrum of Al, O3 to Al completely indicating that the
surface” oxide film is thicker than that of Mg bearing
alloys. The Auge peak to peak height of Bi drastically
decreased by short time sputtering, which means that the
Bi existed extremely at the surface. The decreasing rate of
the height of Bi in BS-3 after vacuum brazing was higher
than in BS-8 after carrier gas and purified N, gas brazing
showing that the vaporization amount was large in the
vacuum brazing method.

Vacuum BS-3(Al-10Si-1Mg-0.1Bi)
’:3 Mg0  AlO, Si
Sputtering
time(min)
' 0
w VCa
o Bi
z
°
B ﬂ“f 1
‘\4 Ar
A 10
Bi
Ar
X20 X1
500 1000 1500

Electron energy (eV)
Fig. 13 AES of BS-3 after vacuum brazing
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Fig. 14 Effect of sputtering time on the changes of Auger peak to
peak height of oxygen of brazing sheets after brazing, the
different marks corresponds the kinds of spectrum of
Al,03 and Al

4. Discussions

It is found that the addition of 0.05 ~ 0.1%Bi to braz-
ing sheet claddings is preferable for the improvement of
fluxless brazability of aluminum. The improvement by
Bi addition is more clear under the brazing processes
in a vacuum and in purified N, gas at atmospheric pres-
sure of 760 torr. The amount of water vapor of N, gas
with the dew point of —68°C corresponds to the vacuum
level of less than 1073 torr. On the other hand, in N,
carrier gas, the impurity level is estimated by the product
of the purity of N, gas (exceeds 99.99%) and the vacuum
level (more than 107! torr), ie., 107 x 10°! = 1075
(torr)”) . Therefore, the impurity level of N, carrier gas
atmosphere is estimated less than 107° torr, and the
purity level of brazing atmosphere decreases in this order:
N, carrier gas process, vacuum process, purified N, gas
process at 760 torr. The braze results of Bi less BS-6
showed that L, /Ly became low according to the above
mentioned order. But the addition of 0.05%Bi remarkably
increased L, /L, and gave almost the same value of
L /Ly irrespective to the brazing conditions. The remark-
able improve effect of Bi addition exerts only under the
condition that the atmosphere of brazing system is rela-
tively not so good. This corresponds well with the braze
results that the additional effect of Bi in vacuum brazing
process exerted remarkably under low vacuum level®)>%).

The following discussion deals with the effect of Bi
addition to the Mg bearing filler alloys on the brazability.
Generally, one of the roles of Mg in Al-Si filler alloy is
considered to be the gettering action of Mg against the
oxygen and moisture in brazing furnace and the break-
down effect of surface oxide film by the sublimation and
vaporization of Mg. In addition to this, thermodynamice
calculation by Terill er al.*®) indicated that Mg can reduce
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Al,O03. On the other hand, Bi can react only with O,.
Therefore, so called getter action of Mg is considered to
be considerably stronger than that of Bi. Winterbottom
et al.*®) measured the sublimation and vaporization rate
of Mg in brazing sheet claddings during heating in a
vacuum. The results showed that the Mg vaporization rate
suddenly increased at the Al-Si-Mg ternary eutectic point
(551°C*). Anderson” pointed out that the cracks due to
the Mg sublimation and thermal grooving became remark-
able at 550°C and the partial melting occurred at 560°C,
that is just above the ternary eutectic point. From their
observations, it is considered that vaporization of Mg
became vigorous after melting of filler alloys. As indicated
in Fig. 9, Bi existed with Mg in Bi bearing alloys, if
the elements formed Al-Mg-Bi ternary eutectics, the
filler alloy beginned to melt at 435°C'3). The getter
action of Bi bearing filler alloys is supposed to became
-active at relatively lower temperature than Bi less alloys,
therefore, the effect of Bi addition becomes more effec-
tive under the condition that the furnace circumstance is
relatively bad.

The effect of Bi addition to Al-Si filler alloys without
Mg has been interpreted by the lowering effect of surface
tension of filler alloys7). The following discussions deal
with the improvement mechanism in vacuum brazing
process using Mg less filler alloys. As there is no gettering
action by Mg in fluxless brazing process using Mg less filler
alloys, the reduction of surface oxide on aluminum is
essentially impossible. Therefore, the appearance of fresh
clean aluminum surface by the breakdown of surface
oxide due to the difference in thermal expansion coef-
ficient between oxide and bulk aluminum is the necessary
condition to provide the good wetting between the base
plate and molten filler alloyls). If the residual adsorbed
components in the brazing furnace react with the fresh
clean surface produced by the thermal expansion dif-
ference, the fresh surface formed oxide films and the
brazability will be reduced.

Figure 15 shows the changes of the vacuum level
during vacuum brazing. The vacuum level at the beginning
of heating is about 2 x 1073 torr. The condition A cor-
responds the vacuum level change of the brazing furnace
that has been maintained open to air atmosphere for a
day. Since the amount of adsorption of moisture and gas
in air atmosphere is relatively high, the vacuum level
becomes very bad during heating to brazing température.

* The temperature is slightly different in some articles (for exam-
ple, H. Watanabe, E. Sato: J. Japan Inst. Light Metals, 19 (1969),
449), however, Winterbottom ef @l noted that the temperature
was 551°C. The differental thermal analysis on filler alloys with
the same composition of BS-1 cladding obtained the solidus
temperature of 551°C.
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Table 2 Effect of bismuth addition to brazing sheet claddings on brazability under relatively bad vacuum level A
shown in Fig. 7. Condition B represents the results obtained under good vacuum level.

. Vacuum BS-6 BS-7 BS-9 BS-10
Brazability condition (0.0Bi) (0.057Bi) (0.167B1i) (0.374Bt)
A 0.3 0.89 0.87 0. 86
Ly|Ly
B 0.63 0.91 0.95 0.87
Length of A 8.3 15.9 20.9 21.0
filled
clearance(mm) B 13.7 17.1 21.5 20.8
14 . .
' and brazing sheet. Therefore, during heating stage to
12 Jr20 brazing temperature, the prevention of reoxidation of
o oxide free matrix, produced by the thermal expansion
o ] =Y N P Furnace temperature | difference between oxide film and matrix metal, seems
8 S to be very important. Added Bi to Al-Si filler alloys melted

—{480~

Vacuum level
Temperature

Time (min)

Fig. 15 Changes of vacuum level during brazing heat cycles

The condition B is the normal vacuum level change during
brazing (corresponding to the vacuum brazing condition
shown in Fig. 3 and 4), and C is the change of the vacuum
level of the furnace that reheated without opening to the
air atmosphere. In order to investigate the effect of Bi
addition to Al-Si filler alloys under the low vacuum level
condition, vacuum brazing was carried out under the
condition A. The results are shown in Table 2. For com-
parison, the results under the condition B already shown
in Fig. 3 and 5 are also indicated. In the case of Bi less
BS-6 (Al-10Si), it is clear that L, /Ly and the length of
filled clearance are lower under the condition A than
condition B. However, in Bi bearing alloys there is no
difference between condition A and B. The results are
similar to the effect of Bi addition to the Al-Si-Mg system
filler alloys that the improvement by Bi addition is more
dominant in low vacuum level condition. The vacuum
level reached the lowest value after heating for 6 min,
where the furnace temperature exceeded 500°C and the
surface temperature of base plate and brazing sheet were
also expected to be relatively high. The low value of
Ly, /Ly and the length of filled clearance in Bi less BS-6
might be attributed to the reoxidation of base material
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at 271°C and it seemed to remain until the beginning of
flow of filler metal. Bi can trap the oxygen in the brazing
furnace by the oxidation of itself's). And moreover, as
the vaporization temperature of Bi at 10~° torr is about
400°C1), the preferential oxidation of vaporized Bi traps
the oxygen in furnace and surpresses the reoxidation of
fresh clean aluminum surface produced by thermal stress.
The experiments by Terill er al.'s) showed that the Bi set
in brazing furnace as a getter material had no improve-
ment effect on brazability. Their experiments also pointed
out that Sb also had no improvement effect, however,
the addition of Sb in Al-10Si-0.4 ~ 0.7Mg brazing sheet
claddings improved the flow factor and brazabilityl). Thus
Bi and Sb exerted the improvement effect only by the
addition to filler metals. It seemed to be effective that the
breakdown of the surface oxide film on filler alloy by the
vaporization of the elements with high vapor pressurel)
and the ability of gettering action for oxygenls) .

5. Conclusions

The effect of Bi addition to brazing sheet claddings
have been investigated using fluxless brazing methods such
as vacuum, purified N, gas at 760 torr and N, carrier gas
at 107! torr. The clarified results are summarized as
follows;

(1) The Bi addition to Al-10%Si and Al-10%Si-1%Mg
claddings is effective to the improvement of brazabili-
ty such as the length of filled clearance and L /Ly in
fluxless brazing methods. The additional amount of
0.05 ~ 0.1%Bi is preferable irrespective of Mg con-
tent in filler alloy claddings and brazing methods.

(2) The difference in flow factor due to the Bi addition is
almost neglegible, therefore, the improvement of the
length of filled clearance is attributed to the uniform-
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ity of fillet form along the longitudinal direction.
Added Bi to brazing sheet claddings freely exists in
Al-Si filler alloys and it combines with Mg in Al-Si-Mg
alloys.

The Bi and the Bi containing particles in filler alloys
are almost completely vaporized during heating at
555°C for 20 min in a vacuum and the extremely
small amount of residues remains at only thin surface
region. On the other hand, in N, gas at 760 torr, the
Bi containing particles are still remained after heating
at 555°C for 20 min.

The improvement mechanism by the addition of Bi to
brazing sheet claddings is believed as follows. In Bi
bearing filler alloys, Mg and Bi or Bi vaporize at
relatively low temperature and this action breaks
down the surface oxide films on braiing sheet surface
and Bi reacts with the oxygen in furnace and prevents
the oxidation of the fresh surface beneath the surface
oxide cracks which formed during heating of brazing
and thus provides the excellent brazability.
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