
Metallurgical Aspects of Additive-Aided 
Wide-Clearance Brazing with Nickel-Based 

Filler Metals 

Experimentation with filler metal preforms shows promise of extending 
the brazing process to parts with wide joint clearances 

BY E. LUGSCHEIDER, Th. SCHITTNY AND E. HALMOY 

ABSTRACT. An essential property of 
high-temperature brazing with nickel-
based filler metals is the strong reaction 
of the braze with the base metal, which 
results in high strength joints. As com
monly known, this reaction is based on 
dissolving, alloying and diffusion mecha
nisms. 

Additive-aided wide joint clearance 
brazing exploits these mechanisms for 
joining large components exhibiting non-
capillary clearances. With this technique, 
a brazing preform is inserted into the 
brazing clearance. It provides capillary 
paths for the liquid filler metal and, by 
decreasing the volume of filler metal 
required, decreases the relative amount 
of the metalloids in the brazed joint. The 
new alloy that is formed during brazing is 
ideally a homogeneous solid solution. 

The alloying and diffusion reactions of 
the standardized filler metal BNi-5 with 
additives made from a Ni-Cr alloy were 
studied. The additive preforms and some 
composite material preforms were pro
duced by means of powder metallurgy. 
During brazing, the porous additive pre
form was wetted by the liquid filler metal, 
which had been preplaced in a deposit. 
Composite material preforms consist of a 
mixture of additive and filler metal pow
ders, which can either be compacted and 
slightly sintered or be hot isostatically 
pressed before brazing. The brazing was 
performed with the aid of induction heat
ing in a dry hydrogen atmosphere. Dur
ing brazing, pressure was applied to the 
joint in order to deform the preform and 
ensure minimal residual porosity. The 
deformation of the preform serves to 
equalize the production tolerances of the 
joining pieces. 
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The techniques used for characterizing 
the brazed joints included scanning 
electron microscopy, energy dispersive 
x-ray (EDX) spectroscopy, and a compu
ter-controlled image analysis system 
for quantitative determinations of the 
amount of brittle phases and pores in the 
brazed joint. 

We found that, unlike ordinary high-
temperature brazing, the microstructure 
of the brazed joint strongly depends on 
the brazing temperature. The tempera
ture and the ratio of filler metal to addi
tive were the most important brazing 
parameters. The brazing time and the 
particle size of the metal powders 
employed are of secondary importance. 

These properties are due to two types 
of reactions: the dissolving and alloying 
reactions of filler metal with additive and 
solid-state diffusion of the filler metal's 
metalloids. As the dissolving and alloying 
reactions are advancing, the concentra
tion of the metalloids in the liquid phase is 
decreasing and thus increasing the liquid
us of the arising alloy. These liquid phase 
reactions happen fast so that the liquidus 
of the new alloy reaches the brazing 
temperature within seconds and the 
reaction ends in an isothermal solidifica
tion. In the same way, the additive's 
powder particles, which are solid during 
the whole process, become smaller as 
the reaction advances. Thus, the preform 
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can be recompacted by applying a small 
amount of pressure upon the joint. The 
amount of remaining brittle phases and 
pores in the brazed joint depends on the 
degree of these reactions that are related 
to the brazing temperature and the ratio 
of filler metal to additive. The subsequent 
solid-state diffusion, which is much slow
er, can dissolve remaining brittle phases 
and increase the toughness of the brazed 
joint. It is mainly ruled by the brazing time 
and the particle size of the additive pow
der. 

The metallographic evaluations which 
give evidence to the alloying reactions 
and the subsequent diffusion were con
firmed by data from mechanical testing 
and the examination of fracture sur
faces. 

Introduction 

High-temperature brazing with nickel-
based filler metals is widely used, both in 
conventional and high-technology indus
tries. The strong reactions of the braze 
with the base metal are based on dissolv
ing, alloying and diffusion reactions. They 
provide tough joints so that high-temper
ature brazing is the most suitable joining 
technique in many applications. With all 
nickel-based filler metals, metalloids such 
as boron, silicon and phosphorus serve as 
melting point depressants and provide 
excellent flowing and wetting properties. 
These metalloids form brittle intermetallic 
compounds in the brazing joint, thus 
decreasing the toughness of the joint if 
the clearance exceeds about 50 Aim (Refs. 
1,2). 

For this reason, several attempts have 
been made, both to provide capillary 
flow paths for the liquid filler metal in 
noncapillary clearances, and to decrease 
the concentration of the filler metal's 
metalloids in wide-clearance joints (Refs. 
3-6). This is done in order to allow larger 
production tolerances, to join large parts 
and to fill wide cracks in the field of repair 
brazing (Refs. 7-9). 
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Fig. 1 — Preplacement of filler metal and additive material with sintered preforms. A —Additive 
preform; B — composite preform 

Fig. 2 - Unbrazed additive preform 

Fig. 3 — HIP composite material preform. 1 — additive powder particles; 2 — filler metal powder 
particles; 3 — filler metal depleted of silicon by diffusion; and 4 — reaction zone of filler metal and 
additive 

All such methods employ an additive 
material besides the filler metal, which is 
supposed to react with the liquid filler 
metal but not melt during the brazing 
process. The metallurgical reactions 
between filler metal and additive material 
are similar to those of the braze with the 
base metal. But they proceed much faster 
than in ordinary high-temperature braz
ing if the right combination of filler metal 
and additive can be used (Ref. 4). 

With the technique described in the 
following text, a brazing preform is 
inserted into the joint clearance. The 
preform was made by powder metallur
gical means (Ref. 5). It can consist of 
either the pure additive material, an alloy 
similar to the filler metal but showing a 
higher melting point, or of both the filler 
metal and the additive material. In the 
former case, the filler metal would be 
preplaced outside the joint and allowed 
to flow through the capillary spaces in the 
preform during brazing. 

Brazing Preforms 

All types of preforms, the pure addi
tive (Fig. 1A) and the composite material 
preforms (Fig. 1B), were produced by 
powder metallurgical means. With this 
method, morphology of the preform, 
i.e., the size of powder particles and the 
ratio of filler metal to additive, can be 
precisely controlled. The preform is to be 
inserted into the joint clearance. 

When applying the pure additive pre
form, the filler metal is put into a deposit 
in excess and soaks the porous additive 
preform during brazing (Figs. 1A and 2). 
Such preforms were produced from the 
additive metal powder by compacting 
and subsequent sintering (Ref. 5). The 
composite material preforms already 
contain the filler metal and the additive so 
that no extra material is needed (Fig. 1B). 
They were produced from a mixture of 
the metal powders by compacting and 
subsequent sintering (Ref. 5) or by hot 
isostatic pressing (HIP). Figure 3 gives a 
cross-section of a HIP preform. The alloys 
employed were the standardized filler 
metal BNi-5 (Ni-19Cr-10Si) and the alloy 
Ni-20Cr as the additive material. 

Brazing Process 

Wide-clearance brazing can be per
formed as well by furnace brazing (heat
ing by radiation) as by induction brazing, 
and either vacuum or reducing gas atmo
sphere can be used. With both brazing 
processes, the brazing time required (10 
min with vacuum brazing, 60-120 s with 
induction brazing) was much shorter than 
that of ordinary high-temperature braz
ing (Refs. 1, 2, 10) because the dis
tances over which dissolution, alloy
ing and diffusion reactions occur are 
smaller. 
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The experiments with the HIP compos
ite material preforms were performed by 
induction brazing. With this technique, a 
pressure of 8.5 MPa (1233 psi) was 
applied to the joint, thus recompacting 
the preform and equalizing production 
tolerances and the misalignment of the 
parts that are to be brazed. Figure 4 gives 
the principle for the induction brazing of 
pipes in a dry hydrogen and argon atmo
sphere. The two pipes are fixed by 
chucks and can be pressed against each 
other by a pneumatic cylinder. The joint 
is locally heated by an induction coil. The 
joint temperature can be measured by a 
shielded thermocouple or a pyrometer. 
The brazing atmosphere is dry hydrogen 
and argon, a humidity below 200 ppm by 
volume is recommended. 

Metallurgical Reactions 

The main issue of wide-clearance braz
ing is that the liquid filler metal and the 
solid additive material react with each 
other at their interfacial surfaces so that a 
new alloy is formed in the joint. The 
reactions in question are the dissolving of 
solid material by the liquid braze, alloying 
reactions in the liquid phase and, to a 
minor extent, solid-state diffusion of the 
filler metal's metalloids into the additive 
material. All these reactions are known 
from ordinary high-temperature brazing. 
Figure 5 gives micrographs of two capil
lary joints (Ref. 12). During the brazing 
process, the liquid filler metal dissolved 
part of the base metal at the faying 
surfaces. As is commonly known, the 
amount of dissolved material depends on 
the brazing temperature and the chemi
cal composition of both the filler metal 
and the base metal. The macroscopic 
effect of this dissolving reaction is known 
as erosion. 

The second reaction that occurs is a 
nucleation at the faying surfaces followed 
by a growth of the nuclei into the brazing 
joint (Fig. 5A) until the grains of the base 
metal have grown right through the braz
ing joint (Fig. 5B). These reactions are 
accompanied by solid-state diffusion in 
the growing nuclei and the adjacent base 
metal (Refs. 11, 12). 

The same reactions are valid for wide-
clearance brazing but, as shown in Figs. 2 
and 3, there is one essential difference. It 
is the area of the interfacial surfaces 
between the liquid filler metal and the 
solid phase (I.e., the additive material 
above all) that is very large in proportion 
to the volume of the filler metal. If the 
mean diameter of the additive powder 
particles is about 70 pm, the surface of 
the powder is about 800 times as large as 
the faying surfaces of a capillary joint 
(taking into account that part of the 
powder particles are sintered to one 
another). Therefore, the wide-clearance 
brazing process is much more deter-
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Fig. 4 —Principle for wide-clearance brazing of pipes, heating by induction heating. Proportions of 
the pipes: 70- to 100-mm diameter, 7-mm wall thickness 

Fig. 5- Capillary joint, filler metal: Ni-20.3Cr-11.5Si-0.5P (Ref. 12), brazing conditions: 1150°C/10 
min, vacuum brazing. A -joint width: 80 pm; B-joint width: 25 fim. 1-nucleus grown from the 
base metal into the brazing joint; 2 —eutectic structure; 3—joint free of brittle phases, grains 
extending from the base metal through the joint; and 4 —base metal: austenitic steel according to 
AISI 321 
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F/g. 6- Brazed joint containing a HIP composite material preform. Brazing conditions: 1230°C/60s, 
induction brazing. 1 — new alloy (Ni-Cr-Si solid solution) formed by dissolving and alloying reactions; 
2 —former additive (Ni-Cr solid solution); and 3 —brittle phase 
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F(£* 7 —Brazed joint containing a HIP composite material preform. Brazing conditions: 1260°C/60s, 
induction brazing. 1 — new alloy (Ni-Cr-Si solid solution) formed by dissolving and alloying reactions; 
2 — former additive (Ni-Cr solid solution); and 3 — brittle phase 
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F/g. 8 — Brazed joint containing a HIP composite material preform. Brazing conditions: 1280° C/60 s, 
induction brazing. 1 — new alloy (Ni-Cr-Si solid solution) formed by dissolving and alloying reactions; 
and 2 — former additive (Ni-Cr solid solution) 

mined by surface reactions, such as dis
solving processes and reactions in the 
liquid phase like the alloying reactions, 
than is the case with capillary high-
temperature brazing. 

These reactions are mainly determined 
by the brazing temperature, as given in 
Figs. 6-8. With each sample, the micro-
structure of the brazed joint mainly con
sists of two solid solutions, first of the 
additive material and second of a new 
alloy that was formed during the brazing 
process by dissolution of the additive 
material. A comparison of the micro-
structure of the unbrazed HIP speci
men (Fig. 3) and that of the brazed joint 
(Fig. 6) shows that the outer shells of 
the additive powder particles were dis
solved by the liquid filler metal. The 
additive powder particles became smaller 
and are less extensively interconnected 
after the brazing process. This reaction 
advances further at higher brazing tem
peratures as can be seen in Figs. 7 and 8. 
At the same time, the filler metal alloys 
with the dissolved additive material and 
the silicon concentration of the new alloy 
is decreased. Therefore, the microstruc
ture of the joint becomes much more 
homogeneous at elevated brazing tem
peratures. 

As the silicon concentration of the 
arising alloy is being decreased during the 
brazing process, the liquidus temperature 
of the new alloy increases and reaches 
the brazing temperature. At this point of 
the process, the dissolving and alloying 
reactions end in an isothermal solidifica
tion. As the new alloy shows a smaller 
silicon concentration than the original 
filler metal, most of the silicon can be 
dissolved in the new NiCrSi-solid solution 
(Figs. 6 and 7). If this concentration is 
below 5% by weight, the precipitation of 
brittle phases can be prevented —Fig. 8. 
Almost all silicon of the joint could be 
found in the new alloy by EDX measure
ments. This indicates that the wide-clear
ance brazing process is controlled by the 
dissolving and alloying reactions and not 
by the solid-state diffusion that is much 
slower. 

At the same time as the metallurgical 
reactions in the brazing joint advance, the 
partly dissolved powder particles of the 
additive material become smaller and the 
contact between them loosens so that 
the preform can be easily deformed. A 
small pressure of about 8 MPa is sufficient 
to squeeze out a part of the liquid phase 
and deform the preform in order to 
equalize production tolerances of the 
joining pieces. A careful monitoring of 
the brazing process showed that the 
deformation of the preform took place 
within the first seconds after the filler 
metal became liquid. Also, the material 
that was squeezed out was still liquid, no 
further deformation could be recognized 
even if a higher pressure was applied to 

12-s | JANUARY 1989 



the joint. As the original additive material 
is not interconnected after the brazing 
process but is embedded in the new alloy 
(Figs. 6-8), it can be seen that most of the 
new alloy becomes solid within the first 
seconds of the actual brazing process. 
That means that the dissolving and alloy
ing reactions proceed within seconds 
until the liquidus temperature of the new 
alloy reaches the brazing temperature, 
and the isothermal solidification takes 
place. 

The same reactions can be found with 
wide-clearance brazing in vacuum. Figure 
9 gives the micrograph of a brazing joint 
that was wide-clearance brazed at 
1200°C (2192°F) for 10 min. Again, the 
joint consisted of two solid solutions 
belonging to the former additive and the 
new alloy that was formed during the 
brazing process. The brazing time 
needed is longer than with induction 
brazing because there is no eddy current, 
which could mix the liquid phase during 
the brazing process. 

Applications of 
Wide-Clearance Brazing 

The enhanced speed of metallurgical 
reactions in additive-aided wide-clear
ance brazing allows the use of very short 
brazing times. The process also equalizes 
production tolerances of the parts that 
are to be joined if a small pressure can be 
applied across the joint during brazing. 
With both methods, induction brazing in 
a reducing gas atmosphere or vacuum 
brazing, brazements could be produced 
in wide-clearance joints with a tensile 
strength that is in the range of the base 
metal. The best values of vacuum brazed 
samples were 570 MPa (82.6 ksi) (Ref. 4). 
With induction brazing, the tensile 
strength was between 520 and 600 MPa 
(75.4 and 87.0 ksi) and bend angles up to 
45 deg could be achieved. The samples 
were bend tested according to DIN 
50111 and ASTM E190-80, respectively. 
The bend radius was 1.5 times the thick
ness of the specimen. The preforms 
could be deformed by 40 to 60% during 
the induction brazing without influencing 
the toughness of the joint. This tolerance 
of the wide-clearance brazing process 
can be used to equalize production toler
ances and misalignment of large joining 
pieces. As the metallurgical reactions of 
the filler metal with the base metal are 
the same as with capillary high-tempera
ture brazing, the wide-clearance brazing 
process can be used for the joining of all 
materials that are brazed by ordinary 
high-temperature brazing. 

/x' VU 

A, '^'tSt^Z'^w'-K: 
Fig. 9 — Brazed joint containing a HIP composite material preform. Brazing conditions: 1250°C/10 
min., vacuum brazing. 1-new alloy (Ni-Cr-Si solid solution) formed by dissolving and alloying 
reactions; and 2 — former additive (Ni-Cr solid solution) 

Conclusions 

The metallurgical investigations on 
joints that were brazed by additive-aided 
wide-clearance brazing show that the 
very large interfacial surfaces between 
the additive material and the filler metal in 
wide-clearance joints changes the nature 
of the brazing process so that very short 
brazing times can be used. The brazing 
process is mainly determined by surface 
reactions such as the dissolving of the 
additive by the liquid filler metal and 
reactions in the liquid phase like alloying 
reactions. As the brazing preforms, which 
contain the additive material or both the 
filler metal and the additive, can be 
deformed during the brazing process, 
production tolerances of large parts can 
be equalized by this process. Although 
not yet ready to be put into production, 
the results obtained so far show the great 
potential of this joining method. 
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