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ABSTRACT )

With regard to developing low melting Ni-Cr-Si alloys used as . joint
materials in high temperature bréZing technics, especially in reactor
technique, the melting behaviour of nickel-rich Ni-Cr-Si alloys was in-
vestigated systematically by differential thermal analysis. The depen-
dence of the liquidus temperatures on alleying concentration ranges from
0 to 28 at.-% Si and 0 to 60 at.—-% Cr shows a ternary eutectic melting
temperature minimum of 1077°C at 20 at.~%Cr and 21.3 at.-% Si.The mel-
ting behaviour of the alloys in the indicated concentration range will
be characterized in a reaction scheme.The dependence on temperature of
the solubility of Si and Cr in Ni will be discussed.

INTRODUCTION ,

Branches of industry in which nickel base alloys are used as high tem-
perature filler metals for joining high stressed parts are nuclear-, air-
craft—-, space—, energy-, and chemical engineering. An essential crite-
rion for the application of these alloys, which are besides one except-
ion either alloyed with phosphorus or boron, is their the processing in-
fluencing melting characteristic.

In nuclear industries are boron-containing filler metals because of
their high neutron absorption mostly unusable. For these industriesis
nowadays only one Ni-Cr-Sialloy (BNi-5) available (ref. 1) .The filler
metal BNi-5 has a very high liquidus temperature of 1135°C which causes
a heavy thermal strain of the base metal. Therefore it was made an
attempt to develop lower melting boron-free nickel base alloys. It was
necessary to investigate systematically the melting behaviour of Ni-

)

Cr-Si alloys by differential thermal analysis+ in concentration

ranges which are of interest in brazing technique.

+
DTA unit of Netzsch-Ger&dtebau-GmbH,Selb/Bay. ,heating and cooling rate 5°C per min.,
temperature range 25°C...1550°C,argon inert gas atmosphere,sample weight approx. lg.
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RESULTS

Liquidus temperatures of nickel-chromium-silicon alloys

The melting behaviour of Ni-Cr-Si alloys which are interesting in
brazing technique is mostly influenced by the eutectic reactions
Melt = a(Ni) +Ni3Si and Melt === a (Ni) +B (Cr) of j:he boundary syétems .
These transformations which ensue in the system Ni-Si at 21.2 at.-% Si
and 1150 °C (refs. 2-3) and in the system Ni-Cr at 54 at.—-% Cr and
‘;1345°C (refs. 2-3) could be proved by many own investigétions.

The liquidus behaviour of ternary alloys in areas of highnickel con-
tents shows Fig. 1. Obviously it is shown by the isoliquidus graphs in
a 50°cC distancekthat coming from the boundary systems both Cr and Si
lower the ligquidus temperature with increasing content. The influence
of S1i is strénger as it can be seen in the graph. At 20 at.-% (20.5 wt.-%)
Cr, 21.3 at.-% (11.8 wt.-%) Si and a temperature of 1077°C exists a
ternary eutectic. This fact is for high temperature brazing technique
very important because it shows that by changing slightly the composi- !
tion of the high temperature filler metal BNi-5, new, about 58°C lower
- melting £filler metals with the same godd brazing abilities are producable.

On the basis of the DTA results it is tried to characterize the mel-
ting behaviour of ternary alloys in the investigated concentration ran-
ge ina reaction scheme (Fig. 2). Starting with the nonvariant react-

ions of the boundary systems (EI, P EII) run the melting grooves

Il
- that are the lines of intersection of the planes of primary crystalli-

sation - into the ternary eutectic (E ) . Before reaching this ternary

. ITT
eutectic further four—-phase reactions of peritectic character (PII-—P

happen.

IV)

Solidus temperatures of nickel-chromium-silicon alloys

The space of the Ni-Cr~S5i solid solution is fixed by four characterié
tic temperatures (Fig. 3). That is to say the melting point of Ni
(14S3°C) , the binary eutectic temperatures of the boundary system Ni-
Cr (1345°C) and Ni-Si (1150°C) as well as the ternary eutectic tempera
ture (1077°C). The isosoliduslines- give an impression of the signifi- ‘
cant dependence of the temperature of the solid solubility of Cr and Si
in the nickel solid solution. Especially the decreases of the solubility
below the ternary eutectic temperature, where the nickel solid solution
is balanced with the ternary ©t -phase (refs. 5-6} too, is of great in-
terest for the brazing technique. Ni-Cr-Si filler metals have to be in
~concentration areas which are far aWay from the concentration area of
thg nickel solid solution because of the demand of a low liguidus tem-—

perature. The structure of Ni-Cr-Si filler metals contents besides si-
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licides predominantly so0lid solutions which are characterized with re-
gard to concentration in Fig. 3. The exact information of the solid so-
lubility in the Ni-Cr-Si solid solution area dependent on the temperat-—
ure makes it possible to estimate the real temperature constitution of a
filler metal alloy in a brazed joint. This constitution is dependent on
the brazing temperature, a diffusion treatment temperature, and cooling
conditions. If this constitution of a filler metal alloy is well known
it is possible to make a statement about the real solubility of silicon
respectively about the brittle hard phase part of the silicides. By op~
timization of the temperature cycle of the brazing- and heat treatment
process these ‘brittle silicide hard phases can be minimized.

This paper is based on work performed under research and develop-
ment administration contact No. 3584 of the Arbeitsgemeinschaft
Industrieller Forschungsvereinigungen e.V., FRG.
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Fig. 1. Liquidus temperatures of nickel-rich nickel-chromium-silicon
alloys (ref. 4). ' ' '
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Fig. 2. Reaction scheme of the melting reactions in the nickel-rich
part of the system nickel-chromium-silicon.
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Fig. 3. Dependence of temperature of the solid solubility of
chromium and silicon in nickel.



