
Wide Joint Clearance Brazing with 
Nickel-Base Filler Metals 

Using sintered additives, structurally sound joints with wide 
clearances were produced 

BY E. LUGSCHEIDER, V. DIETRICH AND J. MITTENDORFF 

Introduction 

High-temperature brazing is known as 
a technology by which joints of good 
static and dynamic load resistance, as well 
as of high corrosion resistance, can be 
produced. If the brazing parameters are 
well chosen, the mechanical properties of 
the joint reach, or even exceed, those of 
the base metal. However, well chosen in 
this context means that narrow joint 
clearances (below 4 mils) and/or long 
brazing times (of 1 h or more) are 
required. Otherwise, brittle phases 
remain in the braze joint, seriously affect
ing its mechanical properties. 

In application, relatively wide toler
ances can result in joint clearances of 20 
mils or more. For filling these clearances, 
the use of a third component besides the 
filler metal and the base metal becomes 
necessary. The third component (called 
an additive in this paper) has to fulfill two 
demands. First, it has to act as a sink for 
the metalloids of the filler metal; these 
typically are silicon and boron. This may 
occur either by solid-state diffusion of the 
metalloids from the filler metal into the 
additive or by partial solution of the 
additive in the liquid filler metal. The 
second demand the additive has to meet 
is that it should act like a sponge, since 
the capillary attraction of a 20-mil clear
ance is too low to cause the filler metal to 
flow into the joint. 

In wide joint clearance brazing, some 
additional parameters have to be consid
ered besides the brazing time and the 
brazing temperature, which mainly influ
ence the joint quality in conventional 
high-temperature brazing with capillary 
joint clearances. The parameters that 
must be considered are: 

1) Brazing time. 
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2) Brazing temperature. 
3) Additive and filler metal preplace-

ment. 
4) Chemical composition of the addi

tive. 
5) Pore size and pore size distribution 

in the additive. 
Additive and filler metal preplacement 

influence the flow behavior of the liquid 
brazing alloy and the degree of joint 
filling. The chemical composition of the 
additive determines the number and 
types of phases stabilized in the braze. 
The pore size and pore size distribution in 
the additive before brazing influence the 
diffusion behavior of the filler metal, 
especially of the filler metal metalloids. 
Pore size and pore size distribution, thus, 
have a great effect on the time required 
to obtain braze joints free of brittle 
phases. 

Experimental Work 

Brazing was carried out in a resistance-
heated vacuum furnace at a pressure of 
1.3 X 10"4 mbar. The filler metal was the 
standardized BNi-5, an alloy containing 
about 19 wt-% Cr and 10 wt-% Si, with 
the balance nickel. The base metal was 
plain carbon steel with an ultimate tensile 
strength of 75 ksi (517 MPa). For the 
metallographic investigations, a simple 
specimen geometry with a length of 1.2 
in. (30 mm) and a height of 0.8 in. (20 
mm) was used — Fig. 1. Tensile tests were 
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carried out on the brazed specimens, 
which were turned to the dimensions 
shown in Fig. 2 after brazing. All speci
mens were tested at room temperature. 
Notched-bar impact testing was con
ducted on specimens with a semicircular 
notch (DVM specimen) —Fig. 3. The 
structure of the brazing joint was exam
ined by metallographic means before 
testing. 

In the metallographic investigations, 
the influence of brazing time, brazing 
temperature, additive composition, and 
the method of additive and filler metal 
preplacement on the joint structure was 
checked. The clearance was set to about 
40 mils in all tests. 

Results 

Influence of Additive and Filler 
Metal Preplacement 

Three types of preplacement were 
looked into —Fig. 4. In the first one (A), 
the filler metal and powdered additive 
were mixed and preplaced into the joint 
clearance. In the second method (B), the 
loose powder was placed into the joint 
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Fig. 1 —Geometry of the metallographic test 
specimen 
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Fig. 2 — Specimen geometry for tensile testing Fig. 3—Specimen geometry for the notched-bar impact tests 

with the filler metal above. By this meth
od, a density of approximately 50% was 
achieved in the joint clearance before 
brazing. The third type of preplacement 
(C) consisted of a sheet of sintered mate
rial, either made of powder or of fibers. 
This sheet also acts as a spacer to set the 
clearance. The pore size and the density 
of these additives can be varied over a 
wide range so that the microstructure of 
the joint can be influenced by these 
parameters. 

As seen in Section A of Fig. 5, the 
results obtained with Method A of pre
placement—the mixture of filler metal 
and additive —are not very promising. 
Due to solid-state diffusion during heating 
and/or the rapid solution of the additive 
in the molten filler metal, the liquidus of 
the mixture is raised and no flow occurs, 
even at brazing temperatures of 1220°C 
(2228°F). Neither brazing temperature, 

Fig. 4 — Methods of filler metal 
and additive preplacement 

used during the investigation 

grain size, the chemical composition of 
the additive, nor the ratio of filler metal to 
base metal exhibited any influence on the 
joint appearance. 

As shown in Section B of Fig. 5, the 
second type of preplacement — additive 
in the joint clearance and filler metal in 
the deposit — produces better results. In 
this test, Ni-Cr was used as the additive. 
The amount of pores is reduced com
pared to Section A. Due to the low 
density of the loose powder and the 
short brazing time of 5 min, brittle phases 
still appear at the grain boundaries. They 
may be dissolved by solid-state diffusion 
if longer brazing times are applied, but 
this was not done, as there are disadvan
tages with this method. For example, the 
composition and the amount of brittle 
phases vary along the flow direction of 
the filler metal due to the movement of 
the loose additive when the filler metal 

begins to penetrate into the joint clear
ance. In addition, this movement is not 
uniform, and voids may appear in the 
brazed joint. 

These disadvantages can be avoided 
by using a sintered additive. Shown in 
Section C is a joint brazed with the aid of 
a nickel additive made of sintered pow
der. As with the loose powder (Section 
B), the brazing temperature was 1175°C 
(2147°F) and the brazing time was 5 min. 
Compared with the loose powdered 
additive, the amount of pores was 
reduced. Thus, further investigations only 
focused on the influence of brazing time, 
temperature and the additive composi
tion on the joint structure. 

Influence of Brazing Time 

Figure 6 shows typical sections of joints 
brazed at different brazing times, of 5, 10 
and 60 min. Brazing temperature was 
1175°C in all cases, and the additive 
consisted of sintered nickel powder. At 
first glance, no significant differences may 
be detected. The structure of each sec
tion consists of the base metal (plain 
carbon steel), a nickel solid solution (the 
former additive), and a Ni-Cr-Si solid solu
tion (the former pores of the additive 
now filled by the filler metal). The latter 
part of the structure contains brittle 
phases, the amount of which decreases 
as the brazing time increases. In contrast 
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Fig. 6 — Joint structure depending on the brazing time. A—5 min; B—10 
min; C — 60 min. Filler metal-BNi-5; base metal- carbon steel; addi
tive—sintered Ni powder; brazing temperature— 1175"C; joint clear
ance— 1.25 mm 

to usual HTB (high-temperature brazing), 
the brittle phases are not aligned along 
the centerline of the braze joint, but are 
distributed randomly. Also, some smaller 
voids can be seen arising from blind 
pores in the sintered additive. Their for
mation cannot be avoided during the 
manufacturing of the additive. 

The optical impression results are veri
fied by microhardness measurements, 
which clearly show the change that 
occurs with increasing brazing time —Fig. 
7. At brazing times of 5 and 10 min, the 
mean hardness value of the Ni-Cr-Si solid 
solution is much higher than that of the 
base metal and the additive. Also, the 
deviation of the values indicates that the 
composition of the Ni-Cr-Si solid solution 
is not homogenous. 

At a brazing time of 60 min, however, 
the deviation decreases close to values 
which are obtained for the nickel solid 
solution or the base metal. At the same 
time, the mean value of the microhard
ness drops into the range between that 
of the base metal and that of the nickel 
solid solution. However, even if it is 
possible to obtain joints free of brittle 
phases with the Ni additive, the structure 
in the braze joint consists of two phases 
with different mechanical behavior. In 

addition, there is only a slight improve
ment compared to capillary HTB, as a 
brazing time of 1 h is required for the 
solution of brittle phases. 

Influence of Brazing Temperature 

As in normal high-temperature brazing 
with BNi-5, the temperature only slightly 
influences the structure of the joint. The 
amount of pores increases slightly with 
increasing brazing temperature, due to 
the formation of shrinkage cavities in the 
larger pores of the additive during cool
ing. This effect has not yet been studied 
quantitatively. 

Influence of Additive Composition 

As mentioned before, with Ni as an 
additive, there is a dual phase structure in 
the braze joint because the difference in 
the chromium content of filler metal and 
additive cannot be equalized by diffu
sion. 

In Fig. 8, the structures of two braze 
joints are compared. One is brazed with 
Ni-Cr as an additive and one with Ni. 

Brazing was carried out at 1175°C for 
about 10 min. On the left side, the grains 
of the Ni-additive, the filler metal matrix 
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Fig. 8 - joint structure, depending on the chemical composition of the additive. Filler metal - BNi-5, 
base metal— carbon steel; brazing temperature — 1175°C; brazing time - 10 min; joint cleaiance — 
1.25 mm 

consisting of a Ni-Cr-Si solid solution, and 
a few brittle phases can be seen. The 
structure of the filler metal matrix cannot 
be developed by means of etching, as it is 
too resistant to attack by the etchant. 

The right side shows a typical section 
of the joint structure if a Ni-Cr additive is 
used. With the exception of some brittle 
phases, it is homogenous. Again, the 
voids are mainly blind pores remaining 
from the manufacturing process of the 
additive. However, the most astonishing 

fact is that a similar homogenous joint 
appearance arises after a brazing time of 
only 5 min. A comparison of microhard
ness measurements in the braze joint 
(Table 1) shows that neither the mean 
value nor its deviation differs much with 
varying brazing times. The hardness of 
the joint as a whole is slightly greater than 
the one brazed with a Ni additive, due to 
the effect of solid solution hardening in 
the Ni-Cr additive. The increased hard
ness of the joint more closely matches 
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Table 1—Microhardness of the JointW 

Brazing 
Conditions, 

°C/min 

1175/ 5 
10 
60 

Microhardness, 
HV 0.05 

220 
216 
220 

Deviation 

± 20 
± 20 
± 18 

(a) Filler meta l -BNi -5 ; base m e t a l - c a r b o n steel; additive -
Ni-Cr; brazing conditions— 1175°C, 10 min; joint clearance -
1.25 mm. 

Table 2—Brazing Parameters for the 
Mechanical Tests 

Additive 

Ni 

Ni-Cr 

— 

Clearance 
pm 

1000 

1000 
25 

mils 

40 

40 
1 

Brazing 
Conditions, 

°C/min 

1175/10 
/60 

1175/10 
1175/60 

the base metal than does the microhard
ness of the unalloyed Ni grains remaining 
from a Ni additive. 

The influence of the additive composi
tion on the joint structure and its mechan
ical properties has not been studied to 
the fullest extent, so that further possibil
ities of influencing the microstructure 
may be expected. 

Mechanical Testing 

Based upon the results of the metallo
graphic investigations, the following braz
ing parameters were chosen for brazing 
of the tensile and notched-bar impact 
test specimens — Table 2. The brazing 
temperature was 1175°C in all tests. The 
Ni additive was held at brazing tempera
ture for about 10 and 60 min, and the 
Ni-Cr additive for only about 10 min. The 
clearance was set to approximately 40 
mils, which was the thickness of the 
additive sheets. For comparison, tensile 
test specimens with a clearance of 25 pm 
were brazed for about 60 min at the 
same time. All specimens were tested 
as-brazed without further heat treat
ment. 

In general, the conclusions drawn from 
the metallographic investigations are con
firmed by the tensile tests —Fig. 9. The 
yield strength and the ultimate tensile 
strength are shown for the base metal 
samples which were heat treated, as was 
the brazed specimen. No difference 
could be detected between 10- and 60-
min annealing times. 

The left columns show the results of 
specimen brazed with a clearance of 1 
mil. Two of the three samples broke in 
the base metal. The third sample exhib
ited a slight wetting defect. 

As to the brazed specimen with the 
wide joint clearance, the numerous wet-
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ting defects are surprising. They arise 
from the slight surface roughness of the 
additive. In combination with the high 
degree of roughness of the as-turned 
brazing surface of the specimen, the flow 
of the filler metal was hindered. Never
theless, the results of the remaining spec
imen indicate that with a Ni additive a 
brazing time of 60 min is necessary to 
achieve an optimal joint strength. All 
samples broke in the joint, although the 
one brazed for 60 min failed only after a 
deformation between 10 and 15% of the 
whole sample, compared to 32% of the 
unbrazed, heat-treated specimen. 

The tests carried out with the Ni-Cr 
additive have to be repeated to get 
reproducible results. However, the speci
men which wetted well shows a high 
joint strength and good fracture appear
ance. 

To give an impression of the fracture 
surface and to underline the significance 
of these samples, Figs. 10 and 11 show 
SEM pictures of the fracture surfaces. 

With the Ni-additive (Fig. 10), most of 
the fracture follows the interface 
between the base metal and the brazed 
joint. In this specimen, a number of small
er wetting defects can be seen. As a 
larger magnification of a typical section 
shows, the appearance of the fracture 
surface is honeycombed. No inclusions 
can be detected in the pores, thus indi
cating that the brazed joint is free of 
brittle phases. 

Figure 11 shows the fracture appear
ance of a wide-clearance-brazed speci
men where Ni-Cr was used as the addi
tive. Here the fracture occurred random
ly in the filler metal. At a larger magnifica
tion, some inclusions can be seen in the 
pores. However, with this sample, the 
honeycombed appearance of the frac
ture surface is a sign for a ductile fracture 
behavior. 

The interpretation of the results from 
the notched-bar impact tests is still under 
study. Some preliminary results show that 
with the Ni additive, 14 J (10 ft-lb) were 
reached at room temperature, and 19 J 
(14 ft-lb) were reached with the Ni-Cr 
additive at 100°C (212°F). The values for 
the heat-treated base metal reached 75 J 
(55 ft-lb) at room temperature and 100 J 
(74 ft-lb) at 100°C. So even if the fracture 
of the brazed joints is brittle, there are 
some signs for a ductile behavior, which 
may be enhanced by further parameter 
optimization. 

Conclusions 

Metallographic investigations show 
that it is possible to obtain joint structures 
nearly free of brittle phases at clearances 

additive-. Ni tensile strength: 76.1 ksi 

Fig. 10 —Fracture surface of a brazed joint with a wide joint clearance. Filler metal—BNi-5; base 
metal —carbon steel; brazing conditions— 1175°C, 60 min; joint clearance— 1.25 mm 
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Fig. 11 -Fracture surface of a brazed joint with a wide joint clearance. Filler metal—BNi-5; base 
metal - carbon steel; brazing conditions — 1175°C, 10 min; joint clearance — 1.25 mm 

far above 100 nm (4 mils) if a suitable joint 
additive is used. The application of sin
tered metal yields reproducible results 
with respect to homogenous and repro
ducible joint structures. In addition, the 
use of a sintered additive enables an 
efficient technical application of wide 
joint clearance brazing in at least some 
applications. Mechanical testing of the 
joint properties indicates that good 
results are obtained even with a butt joint 
brazed specimen. 
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