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FLUX POKOVOVANIE ZOSILNENE ABSORPCIOU Al POVRCHOV
PRI CHARAKTERISTICKE] VLNOVE] DLZKE CO,
LASEROVEHO ZIARENIA

FLUX COATING ENHANCED ABSORPTION OF Al SURFACES AT THE CHARACTERISTIC
WAVELENGTH OF CO,, LASER IRRADIATION

Hlinikové tvrdé spdjkovanie je metéda pre spojenie Al-Casti v tesnom dotyku pomocou kvapalnej zliatiny, ktord sa tavi nad 577 °C. Na
zaklade pouzitého tepelného zdroja, je mozno rozlisit konvencnii metodu (plameri) alebo metodu energetického zvizku licov (laser). Laserovd
metoda umoznuje rychle lokdlne tavenie v okoli povrchov, ktoré majii byt spajané. Napriek vysokej hustote energie (reprezentovanej laserovym
Ziarenim) taveninou Al je tavenie casto netispesné. Pricinou je nizka absorpcnd schopnost Al v blizkosti vinovej dizky charakteristickej pre o,
laser. Z dovodu zvysenia absorpcie energie sa preto musia pouzit povlaky, ktoré majii vysokii absorpcnii schopnost.

V prdci je diskutovand zmena absorpcnej schopnosti Al povrchov spésobend poviakmi vytvorenymi NOCOLOK® Flux technolégiou.

Aluminium brazing is a method for joining Al-parts in close proximity by introducing liquid alloys which melt above 577 °C. On the basis of
an applied heat source, conventional (flame) and energy-beam brazing (laser) can be distinguished. The laser is capable to result in rapid local

melting around the surface to be joined.

In spite of the high energy density (represented by laser irradiation) the melting of Al is often unsuccessful. The reason is the low absorption
ability of Al at around the wavelength characteristic to the CO, laser. Coatings with a high absorption ability have to be used in order to facilitate

the energy absorption.

In the present study the change in absorption ability of Al surfaces due to NOCOLOK © Flux coatings will be presented.

Introduction

In principle, all kind of laser can be used for brazing as a heat
source. However, their efficiency in the brazing process is very
different, and depends highly on the absorption ability of the
irradiated material around the characteristic wavelength of the
applied laser. For this reason CO, laser can not be used for
brazing of Al and its alloys [1, 2].

The explanation of this fact can be drawn from Fig. 1. where
the room temperature absorption ability as a function of
wavelength is plotted for several metals.

While the absorption ability for steels at 10.6 um is appreci-
able, (~ 0.1) this value is very low for Al (lower than 0.02).

The absorption ability can be risen by applying appropriate
coatings. Graphite is commonly used in laser technology to rise
the absorption ability of sample surfaces. Due to the corrosion
risk attributed to graphite, its application is undesirable in the
case of Al joining. It is plausible that absorption ability can be
enhanced by addition of good absorber material to the flux. This
condition seems to be fulfilled automatically by applying the

NOCOLOK® Sil Flux, as a consequence of Si particles being
dispersed in the NOCOLOK® Flux.

To verify this supposition the change of absorption ability at
10.6pm was investigated on different Al surfaces covered by this
type of flux. For the successful application of CO, laser irradia-
tion to the Al brazing, the mechanism of NOCOLOK® procedure
will be briefly described [3].

The NOCOLOK® aluminium brazing process and the
NOCOLOK® Flux

The flux dissolves the aluminium oxide before the melting of
filler material has started and protects the eutectic join against the
oxidation during the whole process. The eutectics composition of
filler material ensures lower melting point than that for the parts
to be joined. (See Al-Si phase diagram in Fig. 2.) The Flux
material (Trade mark: NOCOLOK® Flux) is also eutectic system
with the composition of KAIF, + K,AIFsH,O with the melting
temperature of 562 °C - 577 °C, which is slightly below the melting
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Fig. 1 Absorption ability of several metals at room temperature [6]

point of eutectic Al-Si [4]. The eutectic filler liquid with sufficiently
low melting point can also be formed via local dissolution of Si-
particles in the neighbouring Al parts. The Si particles are
previously mixed into the Flux material. (Trade mark: NOCOLOK
Sil. Flux) The oxide dissolving ability is the same for both type of
Flux material.

The brazing process is schematically illustrated in Fig. 3. No
change can be observed below 562 °C when the material is
heated. (Fig. 3a) In the temperature range of 562 °C - 577 °C the
Flux has melted and the aluminium oxide layer is dissolved. (see
Fig. 3b) When the temperature rises beyond 577 °C, the filler
material (Al/Sil2wt % alloy) is also melted. In case of using
NOCOLOK® Sil Flux the silicon particles dissolve in the Al
forming an eutectic liquid near the surface (Fig. 3c). The
mechanical joint between the parts is formed via the freezing of
this liquid layer. After the completion of brazing process the
surface is covered by the remainder part of Flux (no need to
remove, see Fig. 3d).

Measurement of the absorption ability

The absorption ability cannot be measured directly. Therefore
the emission coefficient was measured for the individual partner
materials. According to the Kirchoff law (which is the basis of our
measurements) [7]:
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Fig. 2 AL-Si phase diagram [4]

ar= &r

where a, ; is equal to the absorption coefficient and
€, r is equal to the relative emission coefficient of a grey
body at a given temperature and wavelength

According to this one can suppose that the determination of
temperature dependence of the relative emission coefficient on the
wavelength of CO, laser (10.6 wm) can supply useful information
also about the absorption ability of the same partner materials.
So, the intensity of infrared emission spectra was measured using
filter on the wavelength of CO, lasers (10.6 um) during continu-
ous heating of a series of samples, covered by the same Flux com-
position used for the laser brazing. In the next chapter the
measuring techniques, and the temperature dependence of the rela-
tive emission coefficient on the applied materials will be summa-
rised.

Experimental settlement and procedure

The essence of measurements is the continuous monitoring of
the surface temperature of a sheet radiator on which the samples
are placed. The spectral distribution of the emissivity is composi-
tional dependent. Besides it may also depend on the tribological
character of the surface at the observed wavelength. So, the local
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Fig. 3 The NOCOLOK® aluminium brazing process [3]
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temperature on the surface of a given sample measured by ther-
movision can significantly differ from the physical temperature
measured by a thermocouple at the same point of the surface
[10]. Therefore, the first task was to ensure a nearly constant tem-
perature on the surface of the sheet radiator. In order to improve
the temperature homogeneity of the heated sheet surface, it was
covered with a 5 mm thick Cu plate. In addition, Ni-Cr powder
was layered under and on the surface of the Cu plate. The samples
were pressed into the Ni-Cr powder in order to ensure perfect heat
contact between the samples and the surface-radiator. Ni-CrNi
thermocouples are used for the measurement of the physical tem-
perature at several points of the surface embedding them into the
powder layer. The experimental arrangement of the system is
illustrated in Fig. 4.

The temperature was continuously increased during the expe-
riments from the room temperature up to the melting point of
aluminium, then the radiator was cooled down, switching the con-
trollable power supply off. During the whole process the thermal
emission was continuously monitored using a THERMOVISION®
880 LWB type infrared camera.

Thermocamera

Thermocouple
\

Cu plate Ni-Cr powder

e o o e 0 0
Radiator

Filaments (Max. temperature: 1000 C)
Fig. 4 Experimental arrangement for the thermal emission
measurements

Sample preparation

Sample geometry are 20 x 20 mm squares or @10 mm circles,
being cut or punched either from a simple 1 mm thick Al-plate
(without laminated layer) or from a laminated Al-plate.

After mechanical flattening, burring-off, and degreasing in
aceton, the samples were cladded, using NOCOLOK Flux (water-
based dispersion of Flux powder) and NOCOLOK Sil-Flux (Flux,
containing Si powder) with three different concentrations in each
case (Flux: 5 %, 10 %, 15 %, Sil Flux: 10 %, 15 %, 20 %). From the
sets of Flux 15 % and Sil Flux 20 % several samples were dried in
a furnace (150 °C, 2 hours heat treatment in a box-furnace) in
order to remove the chemically bonded crystal water. Another
fraction of samples was dried at the room temperature. The spe-
cimens were pressed into the NiCr powder layered on the surface.
In this way a perfect heat-contact between the samples and the
heated surface is ensured.
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Experimental results

The increase in emissivity was often found in the low-tempe-
rature range of our heating experiments (Fig. 5 - 10). In principle,
the change of emissivity is not expectable if a phase transforma-
tion or a compositional change is absent. In fact, the change in
&(T) can be resulted from the sensitivity limitation in the low tem-
perature range. In spite of the possible sensitivity limitation- there
is a definite compositional dependence of the observed slope of
&(T) in this temperature range, i. e the emissivity is lower for lower
concentrations. So the upraise can be detected, when the Flux
concentration is low (between 5 - 15 %). It was found that slope of
&(T) increases with decreasing concentration of Flux in the
covered layer. For the laser brazing the higher concentration of
Flux will be good because of its higher absorption coefficient.
Therefore, it was highly suspected that the low-temperature incre-
ase of &(7) is connected with a compositional change (water eva-
poration) during the experiments. This hypothesis was verified by
continuous heating-cooling experiments where several samples
(including 5, 10, 15 and 20 % Flux content, with and without Si
particles) were continuously heated from the room temperature to
700 °C, and then cooled below 100 °C again with the reference
samples, monitoring continuously the actual temperatures as was
previously described.

The main feature of the heating-cooling curves can be cha-
racterised by subtracting the measured € values obtained during
the heating and cooling experiments. The difference increases
with decreasing Flux content, as it is obvious from Figs. 5 - 10. It
is clear that &(T) increases at the heating side, especially at around
10 - 15 % of Flux content. The measured &(7) values seems to be
higher for the Si-Flux samples.

Another interesting feature of the curves is that &(7) value at
the cooling side is nearly independent from the initial Flux
concentration (about 0.42 for all cases), which hints again to the
possible compositional change being nearly completed during the
heating process. The main conclusion is that temperature depen-
dence of the relative emission coefficient at around 20 % Flux content
is nearly identical both on the heating and cooling side, consequently
the effect arising from the possible compositional change is negli-
gible. The quantity of chemically bonded water may contribute to
the observed differences in the lower temperature range. At higher
temperature this difference is negligible.

The melting process of the Flux material takes places at
around 570 °C dissolving the thin Al,O; layer on the surface of
Al. Rising the temperature eutectic Al-Si melt is formed via the
diffusion of Si into the Al surface. Comparing the heating and
cooling side of the &(T) curves a definite difference can be seen in
the case of samples covered either by Flux or Sil Flux.

The difference arises from the phase transformation (melting)
and from the chemical reactions (alloy formation, Al,0; dissolu-
tion) started at high temperatures.

The cooling side of the &(T) curves are practically unaffected
by the Si content of the Flux. On the contrary Si addition causes
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Fig. 5 The temperature dependence of Relative Emission Coefficient
(5 % Flux, dried on air)
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a significant change in &7) on the heating side. Flux with Si
addition has a higher emissivity than one without Si powder.

Control experiments with CO, laser

Applying the results of thermovision measurements, pure and
Flux-covered aluminium sheets were irradiated by laser beam.
Except the exposure time, all of the applied irradiation parameters
were the same during the experiments. Experimental arrangement
can be seen in Fig. 11.
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additional agent is not needed for the successful laser-brazing of
aluminium parts.

Conclusions

- The CO, laser energy absorption in Al surfaces can be signifi-
cantly enhanced by applying surface coatings with NOCOLOK
Flux or NOCOLOK Sil Flux prior to the laser irradiation.

- The emissivity (so the absorption ability) is improved by increas-
ing Flux concentration in the coating.

Al without 20 % Sil Flux
P: 600 W

v:0

Focal diameter: 2 mm
Shielding gas: argon
Exposure time:

Al with 20 % Sil Flux
Laser P: 220 W

l v:0
Focal diameter: 2 mm
Shielding gas: argon
Exposure time:

1:0.2s 1:0.2s
2:04's 50095% 2:04s
3:0.6s 3:0.6s
4:08 s 4:0.8 s
S5:1s 5:1s

Fig.11. Experimental arrangement and irradiation parameters for laser brazing

In spite of the highest power density applied, melting of pure
aluminium sheet cannot be detected due to the low absorption
ability of pure aluminium. On the contrary, the melting has defi-
nitely started on the flux-covered sheets using the same power
density.

Therefore it can be established that absorption of CO, laser

energy in aluminium is highly enhanced if surface cladding by
NOCOLOK® Flux or by Sil Flux is applied. Consequently, further
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- The increasing absorption ability (caused by the Flux covering)
is also supported by the CO, laser irradiation experiments.
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