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Co-based brazing fillers

Luty na bazie kobaltu

Abstract

Cobalt-based superalloys are used under high-tem-
perature service conditions. It is often necessary to join
parts made of these alloys to construct components with
complex geometries. High-temperature brazing is a suit-
able joining technology. To ensure a good corrosion re-
sistance, the brazing filler and the base material should
have similar chemical compositions. This paper deals with
the development of near eutectic cobalt-based brazing fill-
ers based on the alloy system Co-ZrC-TaC. The alloys are
prepared by arc-melting on a water-cooled copper hearth
in an argon atmosphere using a non-consumable tungsten
electrode. Geometrical shaping is done by suction casting
into a sectioned copper mould. Microstructure and melting
behaviour are characterized by means of light microscopy
and differential scanning calorimetry.

Introduction

Co-based materials are widely used in aircraft ap-
plications, industrial furnace applications or gas turbine
manufacturing. Since the 1960’s these alloys play an
important role in the fabrication of high-temperature re-
sistant components. The common requirements for the
so called Co-superalloys are good high-temperature
strength as well as corrosion and creep resistance.
The predominant advantage of Co-based materials in
comparison to Ni-based superalloys is the higher stabil-
ity against corrosion in sulphur-containing atmospheres
[1]. In order to save material and costs it is preferable to
design complex structures consisting of multiple parts.
Therefor use of corrosion- and creep resistant brazing
fillers is necessary. Nickel-, gold-, or palladium-based
fillers are commonly used. In order to lower the melting
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Streszczenie

Nadstopy na bazie kobaltu sg stosowane do pracy
w wysokiej temperaturze. Czesto pojawia sie koniecznosé
taczenia elementéw wykonanych z tych materiatéw w celu
uzyskania zaprojektowanej konstrukcji. Lutowanie twarde
jest odpowiednig metodg tgczenia tych stopéw, poniewaz
zapewnia dobrg odpornos¢ na korozje, przy czym zaréwno
materiat dodatkowy, jak i materiat lutowany powinny mie¢
taki sam sktad chemiczny. W artykule przedstawiono wy-
niki prac nad tréjsktadnikowym lutem przyeutektycznym
opracowanym na bazie stopu kobaltu — Co-ZrC-TaC. Stopy
wytwarzane sg przez topienie tukowe elektrodg wolframo-
wa na podktadce miedzianej chtodzonej woda i w ostonie
argonu. Ksztatt geometryczny nadawany jest w procesie
odlewania prézniowego do dzielonej miedzianej formy.
Mikrostruktura i zachowanie sie topionego metalu analizo-
wano z wykorzystaniem mikroskopii $wietlnej i kalorymetrii
skaningowe;.

temperature, the Ni-based materials often contain
high amounts of boron, silicon or phosphorous. Espe-
cially in case of brazing gaps exceeding a thickness of
50+80 pm, these elements form brittle intermetallic
phases. Because their higher tolerance on gap geom-
etry, the expensive noble metal based fillers are pre-
ferred in some industrial processes [2+3]. Nevertheless
especially gold-based fillers show disadvantageous due
to erosion effects at the grain boundaries and the local
difference in electrochemical potential. To improve the
corrosion resistance, the chemical composition of the
base material and the brazing filler should be similar.
The commercially available Co-based brazing fillers
impair the mechanical properties of the basis material
induced due to their high liquidus temperatures, caus-
ing thermal damage and their poor flow abilities [4+7].
Because of the requirement of using Ni-free materials
inside the human body, the dental industry is one of the
exceptions yet.

The aim of this study is the development of new,
relatively low melting, good flowing Co-based braz-
ing fillers for use under high-temperature corrosive



conditions. This is achieved by reducing the melting
temperature via addition of hard phase forming refrac-
tory metals and carbon. The use of these brazing fillers
improve the homogenization of mechanical and corro-
sive properties within the joints. Additionally, the refrac-
tory phases could affect the high-temperature creep
resistance positively. For this purpose, the quaternary
system Co-Zr-Ta-C shall be modified. The quasiternary
cut Co-ZrC,,-TaC, is shown in Fig. 1. The first step
of the development is the re-evaluation of the experi-
mental data, published by Shurin et al. in the 1990s

[8+9].
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Fig. 1. Quasiternary cut in the quaternary system Co-Zr-Ta-C (axes
in at%, temperature in °C)

Rys. 1. Wycinek poczwérnego uktadu fazowego Co-Zr-Ta-C (osie
w % at., temperatura w °C)
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Experimental

The alloys were prepared by melting on a water
cooled copper crucible in an electric arc furnace us-
ing a non consumable tungsten electrode (Fig. 2). The
furnace was evacuated to 102 Pa and refilled with high
purity argon (6.0) in order to create a slight overpres-
sure of about 1,1.10% Pa. Metallic elements with a pu-
rity of not less than 99,8 % and spectrally pure graphite
were used as starting materials. The compositions of all
samples are summarized in Table. The intended weight
of the specimens was about 10 g. On the basis of the
inert melting procedure, the melting losses can be de-
termined by comparing the charge weight and the re-
sulting alloy weight. Mass losses were measured after
each step of alloying using a laboratory scale with an
accuracy of 1 mg. After homogenising the samples by
continuous flipping over and remelting, suction-casting
was carried out in cylindrical moulds that are divided
into two sections (Fig. 3).

The specimens were cut into slices by a metallo-
graphic cut-off machine using a CBN wheel. In order to
ensure a good homogeneity within the samples, X-ray
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Fig. 2. Sc"hé.r.natic drawing of the employed electri.c.é.rc furnace
Rys. 2. Schemat pieca tukowego

Fig. 3. Cylindrical suction-casting mould
Rys. 3. Cylindryczna forma do odlewania prézniowego

Table. Compositions of the produced samples (balance Co); wt.%
Tablica. Sktad chemiczny wytworzonych prébek (reszta Co); % wag..

Sample Zr Ta C (Zr,Ta)C
1 211 2.53 0.36 5
2 2.53 3.04 0.43 6
3 2.95 3.54 0.51 7
5 3.37 4.05 0.58 8
6 3.80 4.55 0.65 9
7 4.22 5.06 0.72 10
8 4.64 5.57 0.80 11
9 5.06 6.07 0.87 12
10 5.48 6.58 0.94 13
11 5.90 7.08 1.01 14
12 6.33 7.59 1.08 15
13 6.75 8.10 1.16 16
14 7.00 8.40 1.20 16.6
15 717 8.60 1.23 17
16 7.59 9.11 1.30 18
17 8.01 9.61 1.37 19
18 8.43 10.12 1.45 20

fluorescence analysis (XRF) was carried out at each
cut surface. The acceleration voltage was adjusted at
30 keV and a collimator of 2 mm was used to cover
a relatively large surface area of the specimen. The
measuring procedure can be used to detect elements
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Fig. 4. Position of measuring points in XRF
Rys. 4. Miejsca pomiaréw XRF jednorodnosci odlewu

with atomic numbers above 13, consequently no car-
bon is detectable. Due to the strong chemical affinity
of carbon to the refractory metals and the substoichio-
metric composition of the carbides ZrC_,, and TaC_,,,
homogeneity can be ensured by measuring the metal
contents. The position of the measuring point on each
slice in XRF is shown in Fig. 4.

Parts of the specimens were hot mounted, ground
and polished using Struers grinding consumables and
polishing cloths. In the last step of preparation, ac-
tive oxide polishing suspensions were used to obtain
a good surface. Microsections were captured by light
microscopy using the phase-contrast method.

Differential scanning calorimetry (DSC) was carried
out using a NETZSCH STA 449 F1 simultaneous ther-
mal analyzer. The maximum attainable temperature is
1650°C at heating and cooling rates up to 50 K/min.
The resolution of the balance is 25 ng at a maximum
weight of 5 g. The weighed portion of specimens for
DSC is about 50 mg. Because of the high thermody-
namic stability of the carbides high heating and cooling
rates are need to distinguish the liquidus reaction from
base line. The rates were set to 40 K/min.

Results

The total mass losses during the melting procedure
did not exceed 0.2 wt%. A good homogeneity was
achieved within the specimens. The standard deviation
of the XRF measurements did not exceed 2% of the
measured value, which is close to the estimated stan-
dard deviation of the measuring principle [10]. The re-
sults of 20 measurements on the different cut surfaces
of one specimen are shown in Fig. 5.

Due to complexity of the alloying system, the evalu-
ation of the DSC curves is difficult. The Co-rich speci-
mens (samples 1+5) show a tendency to supercooling
of the liquidus reaction. The solidus temperature can
be determined properly, it decreases almost linearly
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Fig. 5. Metal contents measured by XRF on 20 cut surfaces of one
specimen

Rys. 5. Zawarto$¢ badanych pierwiastkéw w 20 odcietych fragmen-
tach probki (XRF)
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Fig. 6. DSC curve of Sample 10, dashed lines indicate the deter-
mined solidus and liquidus temperature

Rys. 6. Krzywe kalorymetryczne dla prébki 10. Linie przerywane
okreslajg granice solidusu i likwuidusu

with rising content of alloying elements. Sample 6 is
the lowest melting one in the examined range. The de-
termined solidus temperatures (T ) are constant for
samples 7+10 at a value of 1365°C. Due to the small
liquidus reaction and the different possibilities of con-
structing the onset, the evaluation of the liquidus tem-
peratures (T, ) is ambiguous for hypoeutectic alloys.
Therefore the temperatures of the first reaction in the
cooling curve and the one of the crystallisation peak
were used to determine the melting behaviour of these
alloys (Fig. 6). The liquidus temperatures rise almost
linearly for samples 7+10. For higher carbide contents
no liquidus reaction can be determined, T_, remains
constant at 1365°C.

The melting behaviour of the alloys is strongly de-
pendent on the carbide content. The examined quasi-
binary cut seems to be eutectic with the lowest melting
point at 9 wt% (Zr,Ta)C. The results of the DSC mea-
surements are summarized in Fig. 7.

The micrographs show the dependence of the mi-
crostructure on composition of the alloys. Because of
the difference in hardness between the relatively soft
Co-based matrix and the carbides, the hard phases
appear salient. As can be seen in Fig. 8, the dendritic
structure disappears induced by the addition of alloy-
ing elements. The microstructure of sample 7 (Fig. 8b)
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Fig. 7. Determined melting behavior of the alloys in the quasibinary
cut Co-(Zr,Ta)C
Rys. 7. Wyznaczone zachowanie si¢ pseudopodwdjnego stopu
Co-(Zr,Ta)C podczas topienia

is very homogenous with fine dispersed carbides. The
further addition of Zr, Ta and C causes the growth of pri-
mary carbides, which enlarge with increasing amount
of alloying elements. It can be summarised that the
micrographs confirm the results of the DSC measure-
ments.

Conclusions

It is possible to melt hard phase reinforced Co-
based alloys in an electric arc furnace with very low
mass losses (< 0.2 wt%). A good homogeneity can
be achieved within the samples using arc-melting
and suction-casting techniques. The liquidus tempe-
rature (T"q) drops with increasing amounts of alloying
elements (samples 1+6) up to a carbide content of
9 wt% (Zr,Ta)C. It rises with further addition of Zr, Ta
and C (samples 7+10). Due to the specification of
the thermal analyzer, T, is not detectable for carbi-
de contents above 13 wt%. The microstructures of
the alloys are in good agreement with the determined
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