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A new brazing process was successful in joining 
complex-shaped superalloy components 

BY M. S. YEH A N D  T. H. C H U A N G  

ABSTRACT. A new method, combining 
superplastic forming (SPF) and the braz- 
ing process, has been proposed for the 
production of complex-shaped Inconel 
718 components. The SPF/brazing 
process has been used as a substitute for 
superplastic forming with concurrent dif- 
fusion welding process in which welding 
pressure cannot be applied effectively. 
The SPF/brazing process can also shorten 
the total working time and save energy 
during fabrication. 

Using this method, an Inconel 7181 
superalloy sheet was superplastically 
formed and concurrently brazed with a 
nickel-based filler metal, MBF-202. The 
working parameters were as follows: su- 
perplastic forming was done at 985°C 
under an argon pressure of 2.45 MPa and 
the temperature increased to 1040°C for 
10 minutes for brazing. The effect of 
pressure on the brazement during the 
SPF/brazing process was simulated on a 
single lap shear test specimen. The re- 
sults show that the joint strength in- 
creased from 784.2 +10.4 MPa to 868.4 
_+12.5 MPa as the pressure applied in- 
creased from 0 to 2.45 MPa. 

Introduction 

Superplastic forming (SPF) is an ad- 
vanced technique used for manufactur- 
ing complex-shaped components. 
Hamilton, et al. (Ref. 1), has presented a 
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method for the superplastic forming of 
metals with concurrent diffusion weld- 
ing. In this case, a metal sheet was su- 
perplastically formed in contact with an- 
other part, which was then simultaneously 
joined to it by diffusion welding. How- 
ever, this method can only be applied to 
titanium alloys. Nickel-based superal- 
Ioys are difficult to join by diffusion weld- 
ing. Several new methods have therefore 
been developed for producing diffusion 
welds in nickel alloys. Duvall, etal .  (Ref. 
2), found that superalloy Udimet 700, 
with an electroplated Ni-Co interlayer at 
the faying surface, joined when sub- 
jected to 7 MPa at 1172°C for 4 h. The re- 
sulting tensile and creep-rupture 
strengths were nearly equivalent to the 
base metal. A dispersion-strengthened 
nickel-based alloy (TD-NiCr) sheet was 
preformed by a two-step diffusion weld- 
ing cycle method (207 MPa at 705°C for 
1 h and then 15 MPa at 1190°C for 2 h). 
This process obtained a weldment 
strength equal to that of the base metal 
strength (Ref. 3). These diffusion welding 
processes require applications of pressure 
as high as 7 MPa (1000 Ib/in. 2) or more. A 
longer operation time is required in order 
to guarantee the bonded efficiency of the 
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components. These processes require ex- 
pensive pressure equipment and con- 
sume large amounts of energy. 

The high temperature brazing method 
has been widely used for joining com- 
plex workpieces such as engine compo- 
nents. For nickel-based superalloys, 
many filler metals have been developed 
(Ref. 4). The superplasticity of nickel- 
based superalloys has also been demon- 
strated by some manufacturers. Ma- 
honey, et al. (Ref. 5), showed that the 
wrought and the powder-produced fine- 
grained Inconel 718 superalloys possess 
a total elongation of 500% and 150%, re- 
spectively, with a strain rate of 2 x 10 4 
s -1 at 982°C. Therefore, the use of an in- 
novative process, SPF/brazing, has been 
proposed (Ref. 6). Using this technique, 
a complex nickel-based superalloy com- 
ponent can be produced. 

Experimental Procedure 

A 1.3-mm-thick Inconel 718 superal- 
Ioy sheet, manufactured by Inco Alloys 
International, Inc., Huntington, W.Va., 
was used for this study. Its chemical com- 
position is shown in Table 1. The mater- 
ial possessed an equiaxed fine grain size 
of <10 pm. Specimen surfaces were pre- 
pared by first grinding with 150-grit SiC 
paper and then cleaned by ultrasonics in 
acetone for 5 min. The brazing fi l ler 
metal used for this study was an amor- 
phous alloy, MBF-20 (Ni-7%Cr-4.5%Si- 
3%Fe-3.2%B in wt-%), with a thickness 
of 37 pm. This alloy has a liquidus point 
of about 1035°C, as determined by dif- 
ferential thermal analysis (DTA). 

A schematic of the SPF/brazing 
process in this study is shown in Fig. 1. 
The 75 x 75 mm Sheet 1 specimen was 
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Fig. 1 - -  Schematic of  the SPF/brazing process. 
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Fig. 2 - -  Dimensions for single lap shear test specimens. 
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Fig. 3 - -  Typical Inconel 718 superalloy component 
jo ined by the SPF/braze process. 

Table 1 - -The Chemical Composition of SP-Inconel 718 Superalloy 

C Mn Fe Si Cu Ni 

0.03 0.08 17.9 0.11 0.09 53.85 

Ti Co Mo P B S 
1.06 0.15 3.01 0.011 0.002 0.001 

Cr 
18.26 

Nb + Ta 
4.92 

positioned between upper die A and 
lower die B, which were then tightened 
by hydropressure. The filler metal was 
laid on and fixed to the joining surface of 
the 35 x 35 mm Sheet 2 specimen, which 
was protected by argon gas. After the as- 
sembly was heated to 985°C, the sheet 1 
specimen was superplastically deformed 
under an argon pressure of 2.45 MPa 
until it came in contact with the filler 
metal. The temperature was then in- 
creased to 1040°C for brazing. After 
maintaining this temperature for 10 min, 
the specimens were cooled. Following 
this, the SPF/brazed component was 
aged for 8 h at 720°C, furnace cooled to 
620°C for 8 h, and finally air cooled. The 
brazed component was then cut along 
the centerline for metallurgical analysis. 
Microstructures were observed by opti- 
cal microscopy (OM) and scanning elec- 
tron microscopy (SEM). The composition 
was analyzed by electron probe micro- 
analysis ( EPMA ). 

To simulate the effects of argon pres- 
sure during the brazing process, 34 x 15 
x 1.3 mm strips of Inconel 718 were 
used. These strips were brazed with 
MBF-20 alloy using an overlap of 3T 
(three times the sheet thickness), in a vac- 
uum hot press, under a vacuum of 10 -4 
torr at 1040°C for 10 min, with applied 
pressure of 0-2.45 MPa. After brazing, 
three brazements were subjected to the 
heat treatment described above and then 
machined to the dimensions shown in 
Fig. 2 with a wire-cut electric discharge 
machine to determine the mechanical 
strength of the brazed component. This 
was determined by tensile shear testing 
in air at room temperature with a 
crosshead speed of 0.5 mm/min. 

Results and Discussion 

AI 

0.53 

Two conditions are necessary to join 
Inconel 718 superalloy components 
using the SPF/brazing process. First, the 
selected filler metal has to have a higher 
melting point than the superplastic form- 
ing temperature of the Inconel 718 to 
avoid the melting and loss of the filler 
metal. In our previous study, the opti- 
mum superplastic forming conditions for 
Incone1718 superalloy were shown to be 
obtained at a temperature range of 975 ° 
-995°C, with an argon pressure above 
2.8 MPa (400 Ib/in. 2) (Ref. 7). On the 
other hand, the primary age hardening 
phases of I nconel 718 su peralloy (Y' or 7") 
dissolved at temperatures exceeding 
I010°C and permitted grain growth. 
Since a fine and stable grain size is re- 
quired for superplasticity, temperatures 
exceeding 1010°C will decrease its level 
of superplasticity. A compressive load 
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Fig. 4 - -  Microstructure o f  the Inconel 718 
SPF/braze component.  (a), Ib) and Ic) are 
taken from the cross section posit ions A, 
B and C o f  Fig. 3, respectively. 

'. 

Fig. 5 - -  Concentrat ion profi les o f  various 
elements analyzed across the brazing in- 
terface by EPMA on posi t ion A o f  Fig. 3. 

Fig. 6 - -  Concentrat ion profi les o f  various elements o f  MB-20 brazements brazed at 1040°C for 
10 min. Analyzed by EPMA. A - -  2.45 MPa; B - -  0 MPa. 

can be applied during copper brazing 
with a copper-phosphorus fil ler metal 
(Ref. 8). This has a more positive effect 
than conventional brazing methods. The 
liquid phase enriched with phosphorus 
was ejected out of the brazing joint by 
pressure, which resulted in the disap- 
pearance of brittle intermetallic phases 
and the increase in ductile phases. The 
mechanical properties of the brazements 
were thus improved. In the SPF/brazing 
process, applying external pressure for 
superplastic forming will simultaneously 
affect the brazements. Therefore, the ef- 
fects of load on the brazing process 
should be evaluated. 

A cross section of a typical SPF/braz- 
ing joined component cut along the cen- 
terline is shown in Fig. 3. The mi- 
crostructures of positions A, B and C of 
Fig. 3 are shown in Fig. 4A~C, respec- 
tively. During the brazing process, the 
concentration of temperature depres- 
sants in the filler metal were lowered by 
diffusing them into the base metal. Boron 
and silicon were used as melting point 
depressants in the MBF-20 alloy. Position 
A of Fig. 3 had the narrowest clearance, 
and after brazing for 10 min at 1040°C, 
no intermetallic phases appeared in the 
joint - -  Fig. 4A. The joint was formed in 
a complex Ni-Cr-Si-Fe solid solution with 
a microhardness of about 285 _+ 5 HV. In 
the adjoining joint area, precipitates 
were formed in the base metal grains and 
at the grain boundaries. Microhardness 
was 520 + 15 HV in this region. EPMA 
line scans on position A of Fig. 3 show 
that the boron diffused into the base 
metal and formed chromium borides in 
the grains and at the grain boundaries - -  

Fig. 5. This was the cause of higher mi- 
crohardness in the region. For an inter- 
metallic-free joint, it is necessary to in- 
crease brazing time for a larger joint 
clearance (Ref. 9). Therefore, by increas- 
ing the joint clearance at positions B and 
C, intermetallic phases were formed 
along the centerline of the joint after 
brazing for 10 m i n -  Figs. 4B, 4C. 

In another case, EPMA line scans of 
the simulated tests of MBF-20 brazements 
with and without applied pressure are 
shown in Fig. 6. The joint clearance was 
reduced under applied pressure and 
boron was able to diffuse into the base 
metal after only 10 min of brazing-- Fig. 
6A. In contrast, boron had longer diffu- 
sion distance for the MBF-20 brazements 
without applied pressure for wide joint 
clearance. Thus, intermetallic com- 
pounds formed in the joint because boron 
cannot diffuse into the base metal in such 
a short time - -  Fig. 6B. The tensile 
strength of MBF-20 brazements with an 
applied pressure of 2.45 MPa is greater 
(868.4 +12.5 MPa) than that of the MBF- 
20 brazements without applied external 
load (784.2 +10.4 MPa). Failure is always 
a result of shear of the joint. This never oc- 
curs in the SP-Inconel 718 superalloy. A 
brittle fracture surface of the MBF-20 
brazements without applied pressure was 
observed - -  Fig. 7A. This is caused by the 
intermetallic compounds formed in the 
joint. The MBF-20 brazements with ap- 
plied pressure produced a ductile fracture 
surface - -  Fig. 7B. The increase in braz- 
ing strength with applied pressure can be 
attributed to a decrease in the joint clear- 
ance of the brazements and the existence 
of an intermetallic-free joint. 
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Fig. 7 - -  Fractographs of  MBF-20 brazements after brazing at 1040°C for 10 min under various 
pressures. A - -  0 MPa; B - -  2.45 MPa. 

Conclusions 

The innovative SPF/brazing process 
has been used successfully to manufac- 
ture a complex-shaped component out of 
Inconel 718 superalloy. The process con- 
sists of four stages. In the first stage, the 
Inconel 718 superalloy assembly was 
protected by argon gas and heated to 
985°C. Second, the Sheet 1 specimen 
was superplastically deformed under an 
argon pressure of 2.45 MPa until it came 
into contact with the MBF-20 fil ler metal. 
Third, the temperature was raised to 
1040°C for 10 min for brazing, fol lowed 
by cooling. Finally, the SPF/brazed com- 

ponent was subjected to a suitable aging 
heat treatment to produce optimum me- 
chanical properties. In the brazing joint 
microstructure, chromium borides ap- 
peared in grains and at grain boundaries. 
Furthermore, the benefit of the applica- 
tion of pressure in this process resulted in 
improving the mechanical properties of 
the lnconel 718 superalloy SPF/braze 
component. 
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4th International Seminar "Numerical Analysis of Weldability" 
September 29 - -  October 1, 1997, Graz-Seggau, Austria 

The IIW Subcommission IXB Working Group "Numerical Analysis of Weldability" and the 
Technical University Graz, Austria, Department of Materials Science and Welding Technology, 
are organizing the 4th International Seminar on Numerical Analysis of Weldability. The 
seminar is to be held on September 29-October 1, 1997, in Graz-Seggau, Austria. 

Subjects, concerning the application of numerical analysis, which are to be covered include: 

Melt Pool Phenomena, Solidification, Microstructural Modeling in Weld Metal and Heat- 
Affected Zone, Microstructure and Mechanical Properties, Influence of Postweld Heat 
Treatment, Residual Stresses and Distortion, Modeling Tools and Computer Programs. 

Authors wishing to contribute papers on the above subjects are invited to send a half-page ab- 
stract to the Seminar Chairman by April 1, 1997. The abstracts should include the title of the 
paper, name of the author/authors, and affiliation. 

On-line information about the seminar can be obtained on the WWW page at 
http://www.cis.tu-graz.ac.at/weld/seggau.html 

For further information, contact H. Cerjak, Seminar Chairman, TU-Graz, Kopernikusgasse 24, 
A-8010 Graz, Austria, Tel. No." +43/316/873-7180, Fax No.: +43/316/873-7187; 
E-mail:bernie@weld.tu-graz.ac.at. 
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