
Spreading and Aggressive Effects 
By Nickel-Base Brazing Filler Metals 
On the Alloy 718 

An experimental investigation with Ni-Mn-Si-Cu and 
both ASTM BNi-5 and BNi-7 brazing filler metals indi
cates that Ni-Mn-Si-Cu shows acceptable spreading 
as well as sufficient penetration to obtain satisfactory 
anchorage of the filler metal on the alloy 718 base 
metal 

BY I. A M A T O , F. BAUDROCCO A N D M. RAVIZZA 

ABSTRACT. The spreading and the 
aggressive effects of three nickel-
base brazing fi l ler metals on the A l 
loy 718 has been determined. The 
three brazing f i l ler metals are the 
ASTM alloy BNi-5, the Ni-Mn-Si-Cu 
alloy and the ASTM alloy BNi-7. 

Brazing was carried out under a 
vacuum of 1 0 4 Torr in the temper
ature and t ime range of each brazing 
alloy. Experimental results showed 
poor spreading for the ASTM alloy 
BNi-5 and acceptable spreading for 
the Ni-Mn-Si-Cu and the ASTM-BNi-
7 alloys. The aggressive effects are 
weak for ASTM BNi-5 and Ni -Mn-Si -
Cu alloys, but are strong for the 
ASTM alloy BNi-7. 

In t roduct ion 

Brazing has been an important 
and widely used joining process for 
several decades. The broadest appli
cations of the process are found in 
mass-production industries such as 
the fields of appliance and auto
mobile manufacturing. The accept
ance of brazing in the aircraft and nu-
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clear industry, however, has been 
slow because the brazed joints must 
possess severe heat and corrosion 
resistance requirements; to meet the 
needs of these industries, the f i l l 
er metals have shifted f rom the 
silver alloy compositions and pure 
copper to the nickel-base composi
tions and exotic alloys containing 
gold, palladium and plat inum.1"3 

Nickel-base materials provide a 
wide variety of fil ler metals to meet 
many needs as to mechanical proper
ties and heat and corrosion resist
ance qualities. The elements com
monly used as alloying additions in 
the nickel-base brazing fi l ler metals 
are chromium, sil icon, boron, phos
phorus, iron, manganese and copper. 
The primary function of chromium is 
to increase the oxidation resistance. 
The other elements add strength and 
lower the melt ing point of nickel to 
promote the wettabi l i ty properties. 

The alloying elements necessary 
to obtain the proper brazing charac
teristics of the fi l ler metals are phos
phorus, si l icon and boron; they show 
different spreading and aggression 
in the form of diffusion into base 
metal and the erosion of it by fi l ler 
metal. So at the beginning of experi
mental brazing, it is necessary to 

estimate the spreading and aggres
sive characteristics of the brazing f i l l 
er metal. 

This paper examines the spreading 
and aggression behaviour of three 
different brazing nickel-base alloys 
on a high temperature resistance ma
terial, i.e., alloy 718. 

Theoret ica l Cons idera t ions 
It is very important for a right 

knowledge of the spreading and the 
aggressive effects of the brazing 
fi l ler metal to know what are the pa
rameters that influence these phe
nomena. When two pieces of solid 
metal are joined by brazing, the l i 
quid fi l ler metal must f low between 
the two surfaces to be joined, ideally 
f i l l ing the entire overlap space be
tween the two metal parts. The fi l ler 
metal must, in addition, adhere to 
the parts so as to develop " jo int 
st rength." The process whereby the 
fi l ler metal f lows between the parts 
is capillarity and the process where
by it adheres to the parts is a func
t ion of solid solubilities,4 5 i.e., of the 
"work of adhesion," W A . Both these 
processes are dependent upon the 
surface tension of the fi l ler metal 
and the metal to be joined. 
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performed for a surface area a in 
cm2 at constant pressure p, tempera
ture T, and molal concentration N, 
the surface free energy, J is ob
tained: 

dG_ 

da Jp.T.N 
(2) 

which is expressed in ergs /cm 2 , i.e., 
dimensionally in dynes /cm as ten 
sion, and indicates a true thermody
namic property of the substance. In 
addition to this, an interfacial sur
face tension at the interface, where 
two species meet, exists. The condi
t ion for spreading of a liquid on any 
surface depends on the difference in 
chemical potential, in order to have 
that the spreading condition is given 
by dG < 0, i.e., any incremental 
change in the liquid surface wi l l ef
fect an equal change in wetted sur
face at the expense of non-wetted 
surface in order to have: 

9G 

do- Jp.T. = r (3) 

It is possible to designate a spread
ing coefficient, S l a ,6 as the total 
differential dG/da that is: 

s l s =ys -(Yis+ r, ) (4) 

The adhes ion b e t w e e n t w o 
species requires solid solubility to 
some degree between the two. The 
work of adhesion between the two 
species, i.e., the work, W A , required 
to separate two such species joined 
by adhesion, is related to surface ten
sion of the two species through the 
relation: 

w A = ya + yh - ya, (5) 

Since the work of cohesion of a 
single specie joined to itself is given: 

Wc = 2 y (6) 

it is possible to obtain that: 

Wt. w WA - W(. (7) 

and since spreading occurs when: 

S u > 0 (8) 

Fig. 1—Spreading measurements on the base metal by brazing filler metals 

Physically, consider an a tom 
wi th in the body of a substance. It is 
surrounded by the other atoms and 
is subjected to forces of atomic 
attraction on all sides; thus it is in 
force equil ibium. At the free surface, 
however, there are no such attrac
tive forces above the surface. Conse-
quentty, the resulting forces are situ
ated on surfaces, and atoms tend 
inward toward the bulk of the materi

al. This force field accounts for the 
tendency of any mass of liquid to 
seek a form of min imum surface to 
volume ratio, i.e., a sphere. 

In thermodynamic language the 
Gibbs Free Energy, G, of any sub
stance is given by the wel l known 
relation: 

G = H-TS (1) 

where if the differentiation of G is 

by some simplifying assumption, con
dition for spreading of a liquid on a 
solid is that: 

y,>y, (9) 

In addition to the spreading phe
nomenon, the fi l ler metal migration 
occurs also for capillary action wh ich 
is directly connected w i th the sur
face tension. In fact, capillary f low 
takes place because of a pressure dif
ference which arises under the 
liquidus meniscus as a function of or
thogonal radii of curvature, R, and 
R2 where Rj is the radius of 
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meniscus itself and R2 is perpendicu
lar to it. 

This pressure difference, A P, ge-
nerically related to chemical poten
tial difference, is expressed through 
the wel l known relation: 

AP -rU.±) 
\ R , R 2 / 

(10) 

where Y is the interfacial energy be
tween liquid and solid. 

In essence this equation says that 
whenever there is a curved interface 
between two species, there w i l l exist 
a pressure difference wh ich wi l l tend 
to move the boundary toward the 
center of curvature. 

In the case of closely spaced flat 
plates, D cm apart, wh ich would s im
ulate a simple configuration of two 
plates to be joined by brazing, the 
radius of curvature along the line 
where liquid jo ins solid is inf inite so 
that 1 /Ri=0, wh i le for the meniscus 
itself, the curvature is given by the 
relation: 

1 o 

(11) 
R2 Dcosd 

where 6 is the interfacial energy be
tween the edge of the meniscus and 
the solid surface. For perfect wet
t ing, 6 = 0 and AP=-2Y/D so that 
the liquid would spread over the 
solid surface, continuing to spread 
until some other force caused it to 
stop. 

One of this force is the penetration 
of the liquid f i l ler metal into the base 
metal. The penetration may occur 
through the mechanisms of diffusion 
and erosion.8-9 The diffusion occur 
prevalently through the migration of 
interstit ial atoms i.e., atoms of rel
atively small atomic radii present in 
the fi l ler metal, into the base metal 
along the grain boundary. W h e n the 
interstitial atoms are along the grain 
boundary, they may migrate into the 
lattice of base metal, originating in
termetall ic compounds. 

The elements of relatively large 
atomic radii, acting as substitutional 
atoms in the base metal, diffuse at a 
slower rate in the lattice of the base 
metal grains along the entire inter
face region. This migration involves 
nickel, chromium and si l icon f rom 
brazing alloy and results in a com
plex solid solution (typically Fe-Cr-Ni-
Si) at the interface region; this gener
ally decomposes for cooling from 
brazing temperature to form an 
eutectoid mixture of solid solution 
and intermetall ic compound. 

Erosion is, instead, the dissolution 
of the solid base metal in the molten 
fil ler metal. Erosion and diffusion are 
undesirable because they reduce the 
effective thickness of the base metal 
and consequently the efficiency of 
the joined parts. 

"Inconel is registered trademark of the International 
Nickel Company, Inc. 

Table 2—Nominal Chemical Compositions of Brazing 

Alloy* 

ASTM BNi-5 
Ni-Mn-Si-Cu 
ASTM BNi-7 

C 

0.10 
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% 
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'The Brazing Alloys were supplied by the Wall Colmonoy Corp. Detroit, Mich. 
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Fig. 2—Measurement of penetration into the base metal by brazing filler metals 

Mater ia l and Exper imenta l 

Procedures 

The scope of the investigation was 
to determine the spreading and the 
aggression of three dif ferent brazing 
alloys on the Inconel alloy 718. * The 
chemical composit ion of th is alloy is 
shown in Table 1. The three different 
brazing alloys were chosen in order 
to investigate the inf luence on the 

spreading and aggression of al loying 
additions at different migrat ion rate; 
the chemical composit ions of the 
brazing f i l ler metals are shown in 
Table 2. 

A f ixed amount (by weight) of f i l ler 
metal was placed on a plate of alloy 
718. The spreading and aggression 
determinations were carried out at 
different brazing temperature for vari
ous t ime, heating the specimens un-
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der a vacuum of the order of 1 0 - 4 

Torr. The brazing temperatures were 
chosen in the brazing range of each 
fi l ler metal. Af ter heat t reatment the 
drop fi l ler enlargement was mea
sured. After this determinat ion, the 
specimen was sectioned to corre
spond to the center of the fi l ler metal 
drop and the aggression determina

t ions were calculated as the penetra
t ion at the center of the drop. 

The summarized results are the 
average value of four determinations. 

Results and Discussion 
The results of the spreading deter

minations are summarized in Fig. 1. 
For the ASTM alloy BNi-5 it may be 

seen that different brazing temper
atures and different soaking t imes 
mean a small increase in spreading 
of the fi l ler metal (less than 10% 
diameter increase for the entire braz
ing range). For the Ni-Mn-Si-Cu al
loy, it may be seen that the brazing 
temperature and the soaking t ime 
have a great influence on the drop 
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Fig. 3—Drop spreading. Base metal, alloy 718, filler metal, ASTM alloy BNi-5 — brazing treatment: 1200C, 3 hr, 10~4 Torr 
vacuum (reduced 40% in reproduction) 
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spreading; in fact, for practical braz
ing t ime (0.5-1.5 hr.) the drop d iam
eter enlargement is of the order of 
40%. In addition it may be seen that 
the values of the spreading determi
nations are at high temperature less 
independent of the soaking t ime 
than at low temperature. 

For the ASTM alloy BNi-7, it may 
be seen that the spreading effect has 
a saturation value for each t ime in a 
range of brazing temperature; in ad
dition it is not needless to observe 
that spreading saturation occurs for 
each soaking t ime at different drop 
diameter. After spreading saturation 
is obtained, it is possible to observe 
a spreading decrease because the ag
gressive effects of the brazing alloy 
are prevalent on the wett ing and 
spreading effects. 

Concerning the aggressive effects. 
Fig. 2 summarizes the results ob
tained. For the ASTM alloy BNi-5, 
only a grain boundary diffusion of 
the brazing fi l ler metal or of the com
positions very similar to this, is ev
ident (Fig. 3); the brazing fil ler metal 
undergoes an eutectoid decomposi
tion wi th formation of roundish inter
metallic compounds and solid solu
t ion. It is possible to see that the in
terfacial zone between the base met
al and brazing fi l ler metal is impover
ished of the solid solution wh ich is 
diffused into the base metal. 

For the Ni-Mn-Si-Cu brazing alloy, 
a behavior very similar to that of pre
vious alloy may be seen; also in this 
case it is possible to note the eutec
toid decomposition and the solid so

lution diffusion (Fig. 4). Since the si l 
icon content of this alloy is less than 
that of the previous alloy, the diffu
sion zone is smaller. 

For the ASTM alloy BNi-7, a more 
complicated situation is evident (Fig. 
5). In this case, it is possible to see 
the eutectoid decomposition of the 
brazing fi l ler metal in dendrit ic inter
metallic compounds and solid solu
tion (Fig. 5a). It is also possible to 
see the precipitation in base metal 
grains and at grain boundaries (Fig. 
5b) and the grain boundary diffusion 
and precipitation (Fig. 5c). The net re
sult of these effects is a great ero
sion of the base metal (Fig. 5d). It is 
clear that the greater diffusion rate 
of the alloying element present in 
the ASTM alloy BNi-7, i.e., the phos
phorus, gives to this alloy a behavior 
more aggressive than that of the f i l l 
er metals wi th sil icon as alloying 
element. 

Conclusions 
The fol lowing main conclusions 

can be drawn from the performed ex
periments: 

1. ASTM alloy BNi-5 shows small 
spreading in the entire range of braz
ing temperature. 

2. N i -Mn-S i -Cu braz ing a l loy 
shows acceptable spreading in the 
entire range of brazing temperature. 

3. ASTM alloy BNi-7 shows good 
spreading, but the spreading stops at 
a saturation value because the alloy 
diffusion hinders further spreading. 

4. ASTM alloy BNi-5 and the al
loy Ni-Mn-Si-Cu show penetration in 

YWr 

d) filler metal - base metal interface 
— 100 X 

- - - 0. • 
c) grain boundary diffusion 

and precipitation 

g 500 X 

the range 10-40 microns for the en
tire brazing range; this penetration is 
enough to obtain a satisfactory an
chorage of the fil ler metal on the 
base metal. 

5. ASTM alloy BNi-7 shows a 
great penetration of the fi l ler metal 
w i th erosion of the base metal. The 
zone affected by the fi l ler metal is in 
the range 40-180 microns; conse
quently this fi l ler metal can be used 
only when great penetration does not 
influence the performance and the 
efficiency of the brazed components. 
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