
On Co-Ni-Cr-B Filler Metals for 
High Temperature Brazing 

Study of the structure, brazing characteristics and 
mechanical properties of selected compositions indi
cate their suitability for brazing 
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Introduction 

In the last few years nickel-chro-
mium-boron-(si l icon) based brazing 
filler metals have been successfully 
applied for joining austenitic steels, 
nickel, and cobalt superalloys (Ref. 1). 

Small amounts of boron and sil
icon (10 to 20 at.% ~ 2 to 4 wt.%) 
lower the melting points of these tern
ary or quaternary alloys to interesting 
temperatures (950 to 1150) for braz
ing. In addit ion, the deoxidizing effect 
of boron and silicon permits brazing 
without fluxes and ensures homo
geneous bonding. These alloys con
tain relatively high amounts of hard 
phases caused by the low solubility of 
silicon and boron in particular in the 
matrix. 

The hard phases decrease elonga
tion and ductil ity of the joints. The for
mation of these phases has not been 
clear up to now. Heat treatments of 
b razed j o i n t s d i m i n i s h the hard 
phases by diffusion of boron and 
silicon into the base metal. At small 
joint clearances, post brazing treat
ment can be employed economically 
(Ref. 2). Two-component brazing filler 
metals (reaction brazing filler metals) 
are probably the economic solution 
for high temperature repair brazing of 
large area and volume parts (Ref. 3). 

Recent ly d e v e l o p e d , the most 
important ternary systems are Ni-Cr-
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Fig. 1 — The system Co-Cr-B at 1000 C 

B (Ref. 4), Ni-Cr-Si (Ref. 5) and the 
quaternary system Ni-Cr-B-Si (Refs. 
6, 7). These systems are the basis for 
determining the kind and amount of 
hard phases in the different Ni-Cr-B-
(Si) alloys technically used. 

These alloys contain borides of 
chromium (CrB, Cr2B, Cr5B3), nickel 
(Ni3B) and, due to the solubility of 
sil icon, usually a few silicides, in the 

matrix. Most of the ternary phases are 
br i t t le and u n f a v o r a b l e for the 
mechanica l proper t ies of brazed 
jo in ts . The ternary s i l ic ides and 
borides of the Ni-Cr-B, Ni-Cr-Si and 
N i - C r - B - S i a l l oy ing sys tems are 
stabilized at high silicon and boron 
contents only. Therefore, conven
t ional n ickel based brazing fi l ler 
metals do not contain these phases. 
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Fig. 4 — Structure of a 33 Co-40 Nl-7 Cr-20 

Fig. 2 — Structure of a cobalt alloy (7 at.% g auoy rgt %> 
Cr, 20 at.% B, bal. Co) 
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Fig. 3 — Structure of a 53 Co-20 Ni-7 Cr-20 Fig. 5 Structure of a 13 Co-60 Ni-7 Cr-
B alloy (at.%) 20 B alloy (at.%) 
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Fig. 6 — Solidus temperatures in the 
system Co-Ni-Cr-10B 

The formation of ternary phases is 
much more important in cobalt based 
alloys. In these alloys nickel is re
placed by cobalt partially or com
pletely. Only small amounts of boron 
and silicon are needed to stabilize 
brittle ternary cobalt phases with 
complicated structures. 

At high temperatures, the mechan
ical properties of cobalt alloys are 
superior to those of nickel alloys. 
Therefore it was interesting to study 
the suitability of nickel-cobalt-chro
mium-boron alloys for high temper
ature brazing. 

The System Co-Cr-B 

Kuz' ma et al (Ref. 8) have found a 
ternary r -bo r ide and a pseudo-
ternary cr-phase at 800 C. In connec
tion with brazing problems it seemed 
to be more important to confirm or 
modify these results at 1000 C. This 
isothermic temperature was selected 
to be close to working temperatures. 

Figure 1 shows the Co-Cr-B system 
at 1000 C. The phases can be con
f irmed by x-ray diffraction, differen-
t ia l - thermo-analys is and metal lo
graphic investigation of about 120 dif
ferent alloys. At 1000 C the Co-Cr-B 
system is almost identical to the 
800 C f inding of Kuz' ma et al (Ref. 8). 
Therefore the known binary chro
mium borides Cr2B, Cr5B3, CrB, Cr3B„, 
CrB2, CrB4 and the binary cobalt 
borides Co3B, Co2B, CoB exist in 
large areas of the system at 1000 C. 

The large solubility of chromium in 
Co2B is remarkable. At 1000 C this 
orthorhombic boride can dissolve up 
to 30% chromium atoms in the lat
tice. The (T-phase is stabilized by in
creasing boron and chromium con

tent. Therefore the binary brittle a-
phase cannot be found in ternary 
cobalt rich alloys, which could be 
interesting for brazing. 

There is an equi l ibr ium between 
the borides Co2B, Cr2B, Co3B, the 
cobalt solid solution and the r-phase. 
This ternary brittle phase is stabilized 
at even small amounts of boron and 
chromium. Therefore different quan
tities of it can be found in cobalt rich 
alloys which are interesting for braz
ing. 

The structure of the r-phases and 
their stabi l izat ion was studied by 
Stadelmeier et al (Ref. 9). In cobalt 
alloys this cubic phase is built of 120 
atoms also. According to the ideal for
mula Co2, Me2B6 this phase is of the 
same type as the chromium carbide 
cr23L/6. 

In the Co-Cr-B system the Me-
atoms of Co2 , Cr2B6 are chromium 
atoms, called stabilizing atoms, and 
can be exchanged with cobalt atoms 
of the matrix. This is shown in Fig. 1 
by the area of homogeneity of the r-
phase. Most of the r-phases crystal-
ize congruently and primarily in the 
melt at temperatures below 1200 C. 
The melting point of Co2,Cr2B6 is 
1100 C. This phase crystallizes in the 
same way. 

Mechanical propert ies are influ
enced by the content of brittle r-
phases. Elongation and ductility are 
reduced noticeably. In Ni-Cr-B-alloys 
no T-phases exist. Therefore it was 
interesting to investigate the sta
bilization of the T-phase in Co-Ni-Cr-
B-alloy by various substitutions of 
cobalt by nickel, to avoid embri t 
tlement. 

In a r-phase-containing alloy with 7 
at.% chromium, 20 at.% boron, bal

ance cobalt (Fig. 2), cobalt was sub
stituted by steps of 10 at.% nickel. 
Figures 3-5 show the decreas ing 
amount of T-phase proportionally to 
the increasing nickel content at con
stant chromium and boron amounts. 
At 60 at.% nickel one can see (Fig. 5) 
the disappearance of the brittle T -
phase. This alloy contains the boride 
Co3B in the cobalt matrix only. 

Melting Behavior of Ni-Co-Cr-
10B Filler Metals 

The suitability for brazing of these 
alloys has to be proved by their melt
ing propert ies first. The quaternary 
alloys with constant 10 at.% boron 
( -2 .5 wt.%) content were analyzed by 
d if ferent ia l - t her mo-analys is . This 
boron content was chosen to keep the 
amount of hard phases (borides) low 
and to achieve a desirably low melt
ing temperature. 

Figure 6 shows the solidus temper
atures of the alloys in this system. The 
solidus temperature decreases with 
decreasing chromium content from 
1230 to 1060 C but increases up to 
1090 C at chromium levels less than 
15 at.%. The solidus temperature 
rises from 1060 C to 1110 C by in
creasing the cobalt content. 

The lowest solidus temperature of 
1060 C can be achieved in a large 
area of the system as shown in Fig. 6. 
The composit ion varies between 30 to 
70 at.% Ni (60 to 20 at.% Co) and 15 to 
30 at.%, Cr. 

X-ray diffraction conf i rmed the dis
appearing of the r -phase at nickel 
contents above 60 at.%. For brazing, 
the low melting filler metals of inter
est can be seen in Fig. 6 along the 
concentration line of 60 at.% nickel 
(30 at.% cobalt). 
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Fig. 7 — Melting points ot Co-60Ni-Cr-10B 
(at. %) filler metals 
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Fig. 8 — Wetting angles of Co-60Ni-Cr-1 OB 
(at. %) filler metals 

Fig. 9 — Machine for testing dynamic hot 
hardness 

For further experiments, the fo l 
lowing alloy composit ions (at.%) were 
selected: 

No. Co Cr B Ni 

1 
2 

3 
4 

15 
10 
5 

— 

15 
20 
25 
30 

10 
10 
10 
10 

bal 
bal 
bal 
bal 

To compare cobalt alloys with nickel 
alloys filler metal No. 4 was cobalt 
free. 

Figure 7 shows dif ferential-thermo-
analysis results of alloys containing 60 
at.% nickel wi th increasing chro
mium contents. For the alloys No. 1 
through 4, the solidus temperature re
mains constant, while the l iquidus 
temperature decreases with increas
ing chromium and decreasing cobalt 
content. A comparison of the l iqui
dus temperatures (at 1325 C-60 Ni-
30 Co-10 B and at 1230 C-60 Ni-30 
Cr-10 B) indicates the effect of low 
cobalt contents also (Fig. 7). 

Properties of the 
60 Ni-Co-Cr-10B Filler Metals 

Wetting Properties 

These propert ies were determined 
by measuring the wetting angle a 
which is formed by the molten filler 
metal and the base material. The base 
metal was 316 stainless steel sheet. 

The wetting experiments were car
ried out in an electrically heated tube 
furnace under argon at 1240 C. As is 
known, the wetting depends on the 
surface condit ion of the base mate
r ial . Therefore all stainless steel 
sheets were prepared by the same 
grinding and polishing procedure. 
The angles were measured after cool
ing in a special metal microscope. 

Figure 8 shows the wetting angles 
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Dynamic hot hardness of Co-60Ni-Cr-10B (at.%) filler metals 

of alloys with constant 10 at.% boron 
and 60 at.% nickel. At 1240 C most of 
the alloys were completely molten 
and the a-values of 7 to 17 degrees 
are significant for good wettability on 
316 stainless steel, for the alloys No. 1 
through 4 especially. 

In addit ion, thermal expansion, hot 
hardness and tensile strength are 
important criteria for the selections of 
h igh t e m p e r a t u r e b raz ing f i l ler 
metals. 

Hot Hardness 

Dynamic hot hardness was deter
mined in a hardness machine devel
oped by Bollenrath and Orth (Ref. 10). 
Figure 9 shows the device without the 
vacuum bell. The hardness is mea
sured at steps of 50 C from room 
temperature up to 1000 C. The spec
imen is fixed in an electrically heated 
furnace. The cover can be swung off 
for measurement. The maximum tem
perature is 1500 C and is deter-
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mined by a thermocouple at the sur
face of the specimen which can be 
tu rned. The Vickers d iamond is 
pressed in by a beating pendulum. 
The beat energy can be varied by a 
torsion spring which is the axis of the 
pendulum. The pendulum is drawn 
back and kept in position electro-
magnetically. In a specimen of 10 mm 
diam it is possib le to make 100 
impressions depending on the tem
perature. The impressions are mea
sured in a microscope and related to 
t h e s t a t i c r o o m t e m p e r a t u r e 
hardness. 

Figure 10 shows results of these 
hardness tests. The al loys No. 1 
through 4 are ductile due to the ab
sent b r i t t l e T-phase. The room 
temperature hardness (HV 310-360) 
decreases almost linearly to HV 130-
160 at 1000 C. The comparison of 
cobal t - f ree and coba l t -conta in ing 
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Fig. 11 — Coefficient of linear thermal 
expansion ot Co-60Ni-Cr-10B (at.%) filler 
metals 

alloys shows a considerable increase 
in hardness at cobalt contents higher 
than 10 at.% cobalt. This increase is 
constant along the whole temper
ature range. 

Thermal Expansion 

The thermal expansion of alloys 
No. 1 through 4 was determined by a 
Dilatometer (Leitz UBD-Bollenrath) 
(Ref. 11) at temperatures up to 
1000 C in vacuum. The heating and 
cool ing speed was 100 C /h . The 
samples were homogenized before 
measuring by two thermocycles sim
ilar to that in the dilatometer. 

The coefficients of linear thermal 
expansion between 20 and 1000 C 
are shown in Fig. 11. The cobalt-con
taining alloys have a higher thermal 
expansion coefficient than the cobalt-
free alloy. The coefficients (13.0 to 
14.2 at 300 C and 15.3 to 16.0 at 
1000 C) are in the range of the usual 
high temperature alloys (see Fig. 11). 
The conformity of expansion coef
ficients of base metal and filler metal 
has to be provided at high temper
ature applications. Therefore these 
alloys are suitable for high temper
ature brazing in this respect. 

Tensile Strength at Elevated 
Temperatures 

The tensile strength (Fig. 12) of 

son looo 
temperature rci 

Fig. 12 — Tensile strength of Co-60Ni-Cr-
10B (at.%) filler metals at elevated tem
peratures 

Fig. 13 — Tensile strength of 316 stainless 
steel joints brazed with Co-60Ni-Cr-10B 
filler metals 

alloys No. 1 and 3 is relatively high up 
to 600 C (16,000 to 21,000 psi) but 
decreases markedly to 800 C (3000 
to 4000 psi). The tensile strength was 
determined by stressing at a speed of 
elongation of 1 % and 5% per minute 
and calculated accord ing to the 
tangert method of Happek (Ref. 12). 

Brazing Exper iments 

Cylindrical samples of 316 stain
less steel (10 mm diam) were butt 
brazed using filler metals No. 1-4 and 
inducton heating at 1260 C. The 
brazing t ime was 100 s, joint clear
ance 50 (im. Figure 13 shows the 
brazed tensi le s t rength spec imen 
(DIN 50125). 

The tensile strength of the joints in 
relation to cobalt content is shown in 
Fig. 13. The strength of joints brazed 
with filler metals containing 5 to 15 
at.% cobalt (4500 to 4700 psi) is below 
the joint strength of the cobalt-free 
alloy No. 4 (5500 psi). This could be 
predicted by comparing the prop
erties of boron-free nickel and cobalt 
alloys. In addit ion, the alloys 1-3 did 
not melt homogenously. For brazing 
cobalt base high temperature alloys 
the best brazing condit ions have yet 
to be worked out. However, the 
results reported here appear to indi
cate usable strength properties. 

Dedication 

This work is dedicated to Prof. Dr. 
R. Kieffer, Vienna. 
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