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Spreading of BAg-5 on Pre-Flux Coated Stainless Steel Plate *
— Function of Fluxes Mixed with NiCl2 or FeCl3 —

Ikuo OKAMOTO#*, Akira OHMORI*#¥, Tadashi TAKEMOTO**#*,
Masaki MIYAKE#¥#¥ Keisuke NAKAGAWA**¥* 3nd Toshio SAITQ*%**

Abstract

The flux function of NiCl2 or FeCl3 on spreading of BAg-5 filler metal on SUS304 stainless steel plate was studied.
When the pre-coated stainless steel surface with flux containing NiCl2 was heated, nickel particle layer was formed on
FeNi3 compound layer given by dissolution of chromium and iron from stainless steel surface. In the case of flux
containing FeCl3, only FeNi3 compound layer was formed.

1t was confirmed that these layers on stainless steel surface contributed to the improvement of spreading.

1. Introduction 2. Experimetal Apparatus and Procedures

Authors had reported already that the spreading of
BAg-5 filler metal on mild and stainless steels could be
improved by adding small amounts of NiCl, or FeCl; to
KCI-LiCl eutectic salt flux.122)3) 1In this study, then, to
know the flux function of NiCl, or FeCl3, a 18Cr-8Ni
stainless steel plate, SUS304, was pre-coated with the
mixed salt flux and was heated for 1 min. of the same
time as that in previous spreading test.?)3)  The sub-
stances formed on this plate surface were nickel particle
and FeNi; compound layers for the mixed flux containing
NiCl,, and FeNi; compound layer for the FeCl; mixed
flux. The appearance of these layers showed that the
plate surface was corroded in the mixed salt flux and the
nickel particle precipitated on the FeNi, compound layer
by electrochemical reaction. Furthermore, it is an in-
teresting fact that the chromium of chemical composi-
tions of 18Cr-8Ni stainless steel is not seen in these tayers.
A chromium oxide film disturbes the spreading of filler
metal. Therefore, a spreading test of BAg-5 filler metal on
these layers was made by using KCI-LiCl eutectic salt flux,
excepting NiCl, or FeCl,.

The result obtained in this experiment showed that
“De-chromiumnization” phenomenon on the surface of
stainless steel may be one of the important function of
flux used.

Stainless steel plate (SUS304, 40x40x0.5mm) was used
as base metal, of which surface was polished by No. 600
emery paper and degreased with acetone before pre-
coating. Mixed salt fluxes added NiCl, or FeCl; to
54wt%KCl-LiCl eutectic salt were used to coat the
plate surface of SUS304. The pre-coated plate surface
was prepared as follows: The mixed flux, 2 gram, was
applied at constant thickness to whole plate surface of
base metal, which was heated at required temperature for
1 min. in an atmospheric electric furnace. After cooling
to room temperature, the specimen was washed with
water and acetone.

Spreading test was done with the KCI-LiCl eutectic
salt, 0.2 gram, and BAg-5 brazing filler metal, 0.1 gram.
The filler metal and eutectic salt flux were placed at the
center on the pre-coated and heated plate surface and the
specimen was re-heated at 800°C for 1 min. by using the
apparatus shown in previous paper4). The spread area of
filler metal was measured by a planimeter.

For the observation of the surface and cross section of
the heated specimen, SEM or X-ray diffractometer (CoKa,
Fe filter; 35Kv, 10mA) was used. Furthermore, energy
dispersive X.ray analysis system (EDAX) attached to the
SEM was used to quantitatively identify the element on
the plate surface.
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Photo. 1 SEM micrograph of pre-coated surface with flux on
18Cr-8Ni stainless steel plate.
Conditions: flux, 10wt%NiCl2 and 90wt% eutectic salt
of KC1-LiCl system, heating temp. and time, 500°C,
1 min.

Photo. 2 SEM micrograph of same surface as Photo. 1 but temp.
is 800°C.

Photo. 3 SEM micrograph of same surface as Photo. 1 but temp.
is 900°C.

3. Results and Discussions

3.1 Observation of pre-coated and heated SUS304
stainless steel plate

The results of SEM analysis were shown in Photo. 1,
Photo. 2 and Photo. 3 for the surfaces heated for 1 min.,
respectively, at 500, 800 and 900°C after pre-coating with
10wt %NiCl,-90wt%KCI-LiCl eutectic salt flux.
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Photo. 4 SEM micrograph of pre-coated surface with eutectic salt
of KCI-LiCl system on 18C1-8Ni stainless steel plate,
Conditions: 800°C, 1 min.

(a)

(b)

(c)

Photo. 5 SEM micrograph of cross section of same surface as
Photo. 2 but flux is 30wt%NiCl2.

From the results of SEM analysis, the increase of
number of precipitated particles on the surface was seen
with the raise of heat-temperature, when the flux added
10wt%NiCly to KCI-LiCl eutectic salt was used for pre-
coating. Then, these surfaces were detected by X-ray
diffractometer. The original chemical compositions such
as iron, chromium, nickel were observed on the surface
heated at 500°C shown in Photo. 1, whereas were little
FeNi; compound. However, nickel and FeNi, compound
were detected on both surfaces shown in Photo. 2 and
Photo. 3, respectively heated at 800 and 900°C, whereas
chromium was not detected. Photo. 4 shows the surface
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pre-coated with KCI-LiCl eutectic salt only and heated for
1 min. at 800°C. The result of X-ray diffraction analysis
on this surface showed plane chemical composition of
base metal. To know more detail of the surface configu-
ration, the amount of NiCl, was increased to 30wt% and
heated for 1 min. at 800°C. Photo. 5 shows the result of
SEM analysis for the specimen in cross section. Three
layers such as (a), (b) and (c) are distingished there. The
composition analysis of each layer by EDAX is shown in
Photo. 6. The top layer (a) is nickel alone and the second

INTENSITY

INTENSITY

(b)

INTENSITY

(c)
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Photo. 6 EDAX results of each layer shown in Photo. 5: (a) Ni
particles, (b) FeNi3 and Ni particles, (¢) 18Cr-8Ni stain-
less steel.

layer (b) consists of nickel and iron, however the same
colour parts as the top layer (a) were nickel alone.
Accordingly, some dark parts in second layer (b) appeared
to be FeNiz compound, judging from the X-ray diffra-
ction analysis results mentioned above. The third layer
(c) is identical with the chemical compositions of base
plate.

From these analysis results, the number of particles
observed in Photos. 2 and 3 were considered to be nickel
and beneath FeNi; compound.

After the plate surface was pre-coated with
10wt7%FeCl,-90wt%KCI-LiCl eutectic salt and heated for
1 min. at 800°C, the surface was analyzed by SEM. The
result is shown in Photo. 7. This surface configuration is

Photo. 7 SEM micrograph of pre-coated surface with flux on
18Cr-8Ni stainless steel plate. Conditions: flux,
FeCls and 90wt% eutectic salt of KCI-LiCl system; hea-
ting temp. and time, 800°C, 1 min.

spongy. The X-ray diffraction analysis result of this
surface showed FeNi, compound and no both nickel and
chromium.

From above mentioned results, it was discovered that
“Dechromiumnization” phenomenon on the surface of
stainless steel occurred by corrosion reaction, when the
mixed flux containing NiCl, or FeCl; was used for pre-
coating.

Next, in order to confirm the formation process of
both layer (a) and layer (b) in Photo. 5, we estimate the
number of nickel atoms composing the layer (a) in Photo.
5 as follows;

The number of Ni** ions existing in 30wt%NiCl,-
70wt%KCl-LiCl eutectic salt, 2 gram, is about 28.2x10%°,
if NiCl, dissociates completely into ions in molten salt.

On the other hand, the number of nickel particles
existing in about 10um thick layer (a) is about 1.78x108
(number of nickel particles containing in monolayer of
the layer (a))x3.33 (number of the monolayer)=5.93x108,
if nickel particle is estimated as a sphere of mean 3um
djameter, and the arrangement of nickel particles is simple
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cubic crystal structure. Well each of nickel particles
contains 1.29x1012 nickel atoms as a nickel is fcoc
crystal structure and a latice: constant is 3.52A.
Accordingly, the total number of nickel atoms in the layer
(a) become about 7.65x1020.  As nickel particles exist
too in the layer (b) shown in Photo. 5 as described above,
the amount of nickel atoms existing in both the layer (a)
and layer (b) appears to be about 40-50 percent of the
NiCl2 added in the mixed flux. Soit may be considered
that these nickel particles in these layers are based on the
precipitation from the mixed flux and the boundary*
between the layer (a) and the layer (b) is original surface
of stainless steel plate before pre-coating. Furthermore,
the surface configuration shown in Photos. 2, 3 and 7 is
believed as follows. After the dissolution of chromium
and iron from the plate surface of stainless steel into the
molten fluxes has occured, the resultant surface becomes
spongy FeNi, compound as shown in Photo. 7. If, a
mixed flux contains a noble metal than chromium and
iron, such as nickel, the nickel particle layer on spongy
FeNi, compound layer forms.

3.2 Spreading Test

Figure 1 shows the results of spreading test made on
each surface discussed in previous paragraph. In the
figure, the symbol (a) corresponds to the surface shown
in Photo. 4 and spreading of BAg-5 filler metal was made

g

Flux for spreading test: KCl- LiCl eut. salt

BAg-5, 800°C, 1min.
. — [ H H H H
on Fe

KCI-LiCt eut. OWEINCla mn-/-ncl. MI.N-Cl. Mi NCI. Mtﬁ-q, on Ni
8o0’c  300c  500C plate plate
(a) (b) (c) (d) (e) (f)

Spread area (mm?)
8

Fig. 1 Comparison of spreading test results.

(a) on suface of Photo. 4, (b) on same surface as Photo.
1 but heating temp. is 300°C, (c) on surface of Photo.
1, (d) on surface of Photo. 2, (e) on surface of Photo.
3, (f) on surface of Photo. 7, and on surfaces of nickel
and armco iron plates.

for 1 min. at 800°C. The spread area is zero. The symbol
(b) is complemental data for the symboles (c), (d) and (e),
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respectively, corresponded to the surfaces shown in
Photos. 1, 2 and 3. The spread area of these symboles
shows evident increasing with temperature, excepting
both (d) and (e) saturates. This increasing is considered to
be depended the FeNi3 compound fromed on the plate
surface as mentioned in previous paragraph, whereas the
spread area on the surface of symbol (f) is smaller than
that of symbol (d). The surface (f) corresponds to the
surface shown in Photo. 7 and there is the F eNi,
compound wholly. Accordingly, the difference of spread
area (d) and spread area (f) was attributed to the nickel .
particle layer which was observed in Photo. 2. Then, the
spread area (d) on nickel particle layer was compared with
the spread area on smooth surface of nickel plate shown
in Fig. 1. The former is larger than the latter. This
discrepancy can be attributed mainly to the surface
roughness of base plate as following consideration.

The decrease, A ¢, in surface energy based on wetting is
given by following equation (1).

Ao= 04K (cos@ +1)......... (1)**
03 surface energy of molten filler metal
g ; contact angle (<90°)
K ; roughness factor

K value is given by the ratio of the total surface area of
nickel particles to the surface area of smooth nickel plate.
The total semi-spherical surface area of nickel particles
which exists on the most outside of nickel particle layer
shown in Photo 2 is about (1.41 x 1073) x (1.78 x 10%)

2510mm if a nickel particle is a sphere of 3um
diameter and the arrangement of nickel particles is simple
cubic crystal structure, as mentioned in previous
paragrph. On the other hand, the surface area of smooth
nickel plate is 1600mm2, because of same size as stainless
steel base plate. So, K value becomes about 1.57.

The spread area on the smooth nickel plate as shown in
Fig. 1 is 73mm?. On considering equation (1), the spread
area on the surface of nickel particles layer is given by k
times the spread area on the surface of smooth nickel
plate and it becomes 115cm?. However, the spread area
gained experimentaly on nickel particle layer as shown in
(d) of Fig. 1is 90mm?. The difference, 25mm2, between
experimental and calculated values may be depended on
assuming that the arrangement of nickel particles is simple
cubic crystal structure. And also the molten filler metal
penetrates into vertical direction of gap among nickel

The FeNi3 compound fromed the surface does not dissolve into the molten flux, because the nickel particles was not
recognized on the surface shown in Photo. 7. Accordingly, this opinion was introduced.

Though Yu.V. GoryunovS) gave Ao = 0, (K cos 6 —1) for spreading wetting, we gave equation (1) for adhesional

wetting in our experiment.
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particles.

In Fig. 1, moreover, the spread area on nickel plate is
the same value as that on an armco iron plate, and is larger
than the spread area on the suface (f) which formed from
the FeNi3 compound wholly. From this experimental
fact, it was confirmed that generally intermetallic atom
force in an intermetallic compound effects wetting force
between a filler metal and a base metal, therefore, the
wetting force decreases.

Figure 2 shows the spreading test result was made to

& 200
E Flux for spreading test: KCL-LiCl eut. salt
- I BAg-5, 800°C. 1min.
o]
v
o]

100t
O
o]
(]
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S |
wn

[ —1
Owte  Iwt%  Swte, 10wt 30wt

NiCl, concentration in pre-coating flux

Fig. 2 Effect of concentration of NiCl2 contained in pre-
coating fluxes on spreading of BAg-5.

know the concentration effect of NiCl, added in the
mixed flux. The spread area is about equal in spite of the
increase of NiCl2 concentration from 10 to 30 percent.
This experimental fact showed that the spread was not
governed by the thickness of nickel precipitated layer, but
by the most outside surface area of nickel particle layers.

In order to confirm above results, the plate surface was
precoated with the mixed flux containing Swt%NiCl, and
heated for 1 min. at 800°C and analyzed by SEM. The
result is shown in Photo. 8. From this photograph, the

Photo. 8 SEM micrograph of pre-coated surface with flux on
18Cr-8Ni stainless steel plate. Conditions: flux, Swt%
NiCl2 and 95wt% eutectic salt of KCI-LiCl system;
heating temp. and time, 800°C, 1 min.
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surface area occupied with nickel particles is about 60
percent of total surface area pre-coated with .the mixed
flux. And the remainder is almost ‘the surface of base
metal corroded by the mixed flux. So, the addition of
10wt%NiCl,  to 90wt%KCI-LiCl eutectic salt was
necessiated to coat the whole surface with nickel particles
and gave such saturated spread area as shown in Fig. 2.

4. Conclusions

In this study, after a stainless steel plate precoated with
the mixed salt flux was heated, corrosion products formed
on the plate surface were analyzed by SEM and X-ray
diffractometer. On the other hand, a spreading test of
BAg-5 on the same treated plate was done with KCI-LiCl
eutectic salt flux.

From these experiments, the function of used fluxes
on spreading of BAg-5 was concluded as follows;

(1) The addition of NiCl, to KCI-LiCl eutectic salt
promotes the dissolution of chromium and iron from
the palte surface of stainless steel and the resultant
corroded surface becomes spongy intermetallic
compound, FeNi,. Furthermore, the layers of nickel
particles on the compound were precipitated by
reducing reaction of nickel ions.

(2) The addition of FeCl, to the eutectic salt also
promotes the corrosion of stainless steel -and FeNi3
compound only was formed.

(3) The spread area of BAg-5 on the nickel particles layer
was considerably larger than that on the compound,
FeNi,. This result showed that the wettability of
intermetallic compound, FeNi,, is not superior to the
each wettability of both constituent elements, Fe and
Ni.

(4) The spread area of BAg-5 on the nickel particles layer
was larger than that on a nickel plate, because the
former was larger than the latter in a real surface area
to be wet. Furthermore, since the spread area
depended on the total surface area of particles
distributed on the most outside layer, the amount of
NiCl, to form mono-particle layer was considered to
be about 10wt%.

(5) “De-Chromiumnization” phenomenon on the surface

of stainless steel may be one of the important
function of fluxes used.
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