
A Study of Some Cu-Mn-Sn Brazing Alloys 

Non toxic and inexpensive brazing alloys show promise as 
alternatives to silver brazing alloys in certain applications 

BY S. K. CHATTERJEE, Z. MINGXI AND A. C. CHILTON 

ABSTRACT. Interest in reducing or elimi
nating the content of expensive silver and 
toxic cadmium has led to the investigation 
of some copper-manganese-tin alloys as 
brazing materials. 

Joints of copper to mild steel (Cu/MS) 
and mild steel to mild steel (MS/MS) have 
been evaluated, both as butt and lap joint 
configurations. The Sessile Drop test has 
been used to characterize melting and 
wetting behavior. 

Results of this study carried out on Cu / 
3-15%Mn/15-20%Sn have revealed the 
potential of some Cu-Mn-Sn alloys for 
successfully joining MS to MS around 
850°C (1562°F) and Cu to MS around 
750°C (1382°F). 

A small amount of Ni addition has been 
found to be beneficial for improving the 
joint strength. Cerium addition seems to 
increase fluidity but reduces joint strength. 
By varying the amount of Mn and Sn ad
ditions, a series of Cu-Mn-Sn alloys can be 
prepared with a working temperature 
range of 700-900°C (1292°-1652°F). 

It is hoped that these new ranges of al
loys can be technically and commercially 
attractive to companies wishing to use 
cheaper and nontoxic brazing alloys for 
joining ferrous- and Cu-based metals. 

Introduction 

Brazing has been used as a metal join
ing process since Egyptian times and is 
now firmly established as a mass produc
tion technique in a wide range of indus
tries. The millions of joints produced every 
day by this process clearly demonstrate 
the versatility and cost effectiveness of 
the various types of brazing. 

Brazing can be defined as a process that 
joins two or more pieces of metal to
gether, using a filler metal with a melting 
point above 450° C and below the solidus 
of the base metal. The distribution of the 
filler metal between the adjacent surfaces 
is achieved by capillary action. 
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Silver-based brazing alloys, which usu
ally contain more than 40 wt-% Ag, have 
been playing a major role in this field of 
metal joining. This is because of the low 
melting point and wide metallurgical com
patibility of these alloys, which means that 
they can be employed to join virtually all 
common engineering materials with the 
exception of aluminum and its alloys. 
Silver-containing brazing alloys are expen
sive. Therefore, there is a demand for 
new types of filler metals to replace them, 
or at least, partly substitute the silver con
tent. These alloys, also, usually contain 
cadmium and/or zinc, which is normally 
added to depress the melting point of the 
brazing filler metal and increase its fluidity. 
When molten, the alloys containing cad
mium give off toxic fumes, which normally 
means that great care has to be exercized. 
Indeed, the use of brazing filler metals 
containing cadmium is banned in some 
western European countries. 

These are the two fundamental reasons 
for investigating the use of other alloy 
systems for low-temperature filler metals. 
Silver-based alloys have been almost re
placed, in the brazing of copper and its al
loys, by copper-phosphorus alloys, which 
normally contain small amounts of Ag, Sn, 
Ni, etc. 

The use of copper-phosphorus alloys is 
generally limited to copper and its alloys, 
and they have failed to extend their appli
cation to ferrous metals and nickel-based 
alloys because of the strong tendency of 
phosphorus to form a brittle layer of Fe2P 
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intermetallic compound at or close to the 
interface with the base metal. This drasti
cally reduces the strength of the joints. In 
recent years, researchers have been try
ing to develop new types of brazing alloys 
other than the simple copper-phosphorus 
alloys, especially for the brazing of ferrous 
metals. One of the systems studied was 
based on copper-manganese alloys such 
as Cu-Mn-Sn (Refs. 1-3). These alloys give 
competitive properties of joint strength 
and working temperature range com
pared with the silver brazing alloys. 

Tamura, ef al. (Ref. 1), investigated 
some rapidly solidified amorphous cop
per-manganese-based alloys and found 
that the melting point of Cu-20Mn-Sn 
brazing filler metal was similar to that of 
the commercial alloy BAg-6. 

Miller and Falke (Ref. 2) investigated the 
shear strength of copper-to-copper and 
mild steel-to-mild steel joints brazed with 
Cu-15Mn-15Sn, and their results showed 
that the strength of lap joints were the 
same as that with BAg-3 alloy. In this work, 
a series of Cu-Mn-Sn brazing alloys re
cently developed at the Institute (Ref. 3) 
have been studied in greater detail, with 
special reference to their metallurgy. 

Experimental Procedure 

Melting and Casting of Brazing Alloys 

The alloys were prepared from oxygen-
free electrolytic copper (99.999%), elec
trolytic manganese and tin (99.999%). 
Melting was carried out in graphite cruci
bles, in a high-frequency induction fur
nace, under charcoal cover to prevent the 
manganese from oxidizing. Some manga
nese, however, was lost due to the pieces 
floating on top, which gave rise to a 
difference between the nominal and ac
tual manganese contents of the alloys. Ex
tra manganese was added to allow for this 
loss. The alloys were cast into 60 mm 
long X 12 mm diameter (2.4 X 0.5 in.) 
cast iron molds. 

Preparation of Samples 

Butt Joint. Mild steel (MS) and copper 
rods, both with a diameter of 6.45 mm 
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(0.25 in.) and a length of 300 mm (12 in.), 
were used to determine the tensile 
strength. One end face of each rod was 
flattened and then polished with emery 
paper, followed by ultrasonic cleaning in 
acetone to get rid of any grease and dirt. 

Lap Joint. Mild steel plates of 
10 X 30 X 0.5 mm (0.4 X 1.2 X 0.02 in.) 
and copper plates of 10 X 30 X 1 mm 
(0.4 X 1.2 X 0.04 in.) were prepared. The 
surface treatment of each plate was al
most the same as for the rod samples. 

The Preparation of the Brazing Alloy Paste 

Because of the considerable brittleness 
ofCu-18Mn-30Sn,Cu-12Mn-19SnandCu-
18Mn-15Sn, they can be easily ground 
into powder using a mortar and pestle. 
Ductile alloys of Cu-3Mn-l8Sn, however, 
required machining first to make small 
turnings before they could be ground into 
—60/um mesh powder. All powders were 
reduced to this size before they were 
mixed with a flux to form a homogeneous 
brazing alloy paste. All brazing pastes 
were freshly prepared prior to brazing to 
prevent degeneration. 

The flux paste used was classified as "F" 
type, which has a moderate melting range 
and long effective life. Alloy powder and 
flux paste were mixed in volume propor
tion of 1:2 to produce a brazing alloy 
paste that possessed moderate viscosity 
and high flux effectiveness. 

Brazing Procedure 

Both furnace brazing and induction 
brazing were employed to meet the dif
ferent requirements for brazing MS to MS 
and MS to copper. In furnace brazing, the 
brazing temperature can be controlled 
more accurately than in induction brazing. 
On the other hand, the rapid heating rate 
of induction brazing is an advantage when 
brazing copper to mild steel, since the 
brazing temperature is reached in a short 
time, thus reducing the degree of "copper 
softening" to a minimum. All the MS-
to-MS joints were made by furnace braz
ing, while those involving copper were 
produced by induction heating. Both of 
these brazing processes are described 
below. 

Furnace Brazing 

This was carried out in a horizontal tube 
furnace with a 50 mm (2.0 in.) ID. An 
Inconel® alloy tube was heated by a plat
inum/rhodium element in the form of a 
coil encased in refractory materials sur
rounding the tube. Accurate temperature 
control was provided by a thermocouple 
signal feedback system. 

A graphite block was used to hold the 
rod samples for butt joints in which a V-
shaped channel was machined on one 
face of the block to ensure uniaxiality of 
the two rods being joined. The two rods 

were assembled in the V groove with their 
polished surfaces mating together. A quan
tity of brazing alloy paste, sufficient to 
make a capillary braze, was placed on the 
joint. The graphite block holding the rods 
with the preplaced filler metal paste was 
put into the hot zone of the furnace 
already held at the brazing temperature. 
Each sample was kept in the hot zone for 
15 minutes. 

It was observed that it usually took 
about 10 minutes to heat the sample to 
the brazing temperature, which ranged 
between 750 to 850°C (1382° to 1562°F). 
Consequently, the time the braze re
mained molten was about 5 minutes. 

Another critical factor was the joint 
clearance. Here the design of the graphite 
block was relied upon to facilitate free-
joint clearance brazing. In this case, a vari
ation in the joint clearance was inevitable. 
However, as the samples were carefully 
and consistently assembled, most of the 
joints had a clearance width in the range 
of 0.05 to 0.2 mm (0.002 to 0.008 in.), 
which, it was hoped, would only cause 
the tensile strength of joints brazed with 
the same alloy to fluctuate within an 
acceptable range. 

Induction Brazing 

A Radyne 6-kW induction furnace with 
a current coil of 90 mm (3.5 in.) ID. was 
employed, which was adequate to house 
the brazing load. The same type of graph
ite block was used as for furnace brazing. 
For lap joints, it was not necessary to use 
a V-shaped block, but again the free-joint 
clearance brazing technique was em
ployed. 

After the brazing assembly was posi
tioned at the center of the induction coil, 
full furnace power was applied. As soon 
as the brazing alloy paste had melted and 
had been drawn into the joint by capillary 
action, the power was turned off. 

The Posttreatment of the Brazed Joints 

To obtain precise data of both the ten
sile and shear strengths of the joints, it was 

necessary to file away the surplus alloy 
that surrounded them. An Instron Univer
sal Testing Machine, Model TT-DM-L, was 
used to test the properties of joints. 

The Sessile Drop Test 

A simple technique to measure the filler 
metal alloy spread area on base metal was 
used to characterize its melting and wet
ting behavior at one particular tempera
ture where the alloy is molten. Five tests 
were carried out for each sample. 

The substrate base metal chosen was 
mild steel plate of 10 X 20 X 1 mm 
(0.4 X 0.8 X 0.04 in), and the brazing 
paste (2 g) was gently placed on it. Then 
it was heated in the furnace at 800°C 
(1472°F) for 5 minutes. All the alloys were 
observed to wet on the base metal satis
factorily. The area of wetting was mea
sured using a Seescan Image Analyzer. 

Results and Discussion 

A series of Cu-Mn-Sn alloys has been 
investigated in which Mn content is in the 
range of 3 to 18 wt-%, and Sn is in the 
range of 3 to 30 wt-%. The compositions 
of these alloys, their melting ranges and 
the strength of joints brazed with them at 
different brazing temperatures are listed 
in Table 1. These alloys are divided into 
three groups according to their different 
melting ranges, which were determined 
by DTA. The first group includes Cu-
3Mn-18Sn, Cu-3Mn-17Sn-1Ce and Cu-
11Mn-16Sn-1Ni. Their brazing tempera
ture exceeds 850°C, while Cu-12Mn-
19Sn, Cu-13Mn-20Sn-1Ce, Cu-15Mn-
22Sn-1Ni and Cu-l8Mn-15Sn fall into the 
second group and the brazing operation 
should be above800°C. Finally, Cu-10Mn-
30Sn itself is distinguished in the third 
group for its unique potential to braze 
copper to mild steel at about 750°C. 

The as-cast microstructures of the sam
ples proved as expected. The structure of 
Cu-3Mn-18Sn alloy was similar to that of 
binary Cu-Sn bronze, i.e., large primary a 
dendrites of Cu-rich solid solution in an 
a+ 8' eutectoid matrix —Fig. 1. The 5' 

Table 1—Tensile Strengths of Mild Steel to Mild Steel Butt Joints Using Cu-Mn-Sn Alloys, at 
Various Brazing Temperatures 

Group 

1 

Alloy 
(actual 

composition) 

Cu-3Mn-18Sn 
Cu-3Mn-17Sn-1Ce 
Cu-11Mn-165n-1Ni 

Melting 
Range 
(°Q 

790-900 
790-910 
760-890 

Tensile Strength 
MS to MS 
(N/mm2) 

800 °C 850°C 

303.8 
254.8 
352.I 

Tensile Strength 
Cu to MS (N/mm2) 

750°C 

2 

3 

Cu-12Mn-19Sn 
Cu-13Mn-20Sn-1Ce 
Cu-15Mn-22Sn-1Ni 
Cu-18Mn-15Sn 
Cu-10Mn-30Sn 

725-785 
720-780 
680-785 
744-810 
640-700 

235.2 
245 
245 

313.6 
294 
313.6 
245 

137.2 
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Fig. 1 — Cu-3Mn-18Sn alloy in the as-cast condition. 700X Fig. 2 — Mild steel to mild steel butt joint at 850 C, using Cu-3Mn- 18Sn 
brazing alloy. 500X 

resembles the 8 phase of the Cu-Sn system 
but had a different crystallographic struc
ture. The <5' phase in the Cu-Sn system is 
f.c.c, while the 8' phase in the Cu-Mn-Sn 
system is hexagonal. In Cu-11Mn-16Sn-
1Ni alloy, the amount of primary a phase 
was found to be considerably less but 
showed an increased amount of a + 8' 
eutectoid in the matrix — Fig. 3. This agreed 
with the work of Tamura, et al. (Ref. 1). 
There was also a reduction in the amount 
of a phase in Cu-12Mn-19Sn alloy (Figs. 5, 
9) in comparison with the Cu-18Mn-15Sn 
alloy —Fig. 7. The microstructure of Cu-
10Mn-30Sn alloy (Fig. 10) showed a com
plete a + 8' eutectoid structure. Using 
this as reference, it can be concluded that 
the Cu-12Mn-19Sn alloy is nearer the eu
tectoid point than the Cu-18Mn-15Sn al
loy—Fig. 7. 

The carbon pickup of the alloys from 
the graphite crucible during melting was 
negligible and varied from 0.018 to 

0.020%, irrespective of the manganese 
content. 

Strength of joints brazed with Cu-11Mn-
16Sn-1Ni alloy was considerably higher 
than the joints brazed with the Cu-3Mn-
18Sn alloy at the same brazing tempera
ture. This could be due to their different 
joint morphology— Figs. 2 and 4. In joints 
made with Cu-11Mn-16Sn-1Ni alloy, the 
primary a phase is much finer and spher
ical and tends to adhere at the joint/braze 
metal interface (Fig. 4), improving the joint 
strength. Analyses by energy dispersive x-
ray analysis (EDX) of the element concen
tration at the joint interface in joints made 
with the above-mentioned alloys showed 
that in joints brazed with Cu-11Mn-16Sn-
1Ni the amount of Mn diffusion into the 
base metal was considerably more than 
with Cu-3Mn-18Sn alloy. 

So, for joining MS to MS at tempera
tures above 850°C, Cu-11Mn-16Sn-1Ni 
alloy is recommended. If it is applied with 

appropriate joint clearance, tensile 
strength of the joint could reach 411 
N/mm2 , a strength comparable to those 
obtained with a silver-based alloy like 
BAg-7. The four alloys in the second group 
have similar melting ranges and give sim
ilar joint strengths, except for Cu-18Mn-
15Sn alloy, the strength of which is lower 
than the others. 

It was of interest to assess the wetting 
behavior of Cu-12Mn-19Sn, Cu-13Mn-
20Sn-1Ce and Cu-15Sn-22Mn-1Ni alloys 
by measuring the area of spread to study 
the effects of Ni and Ce additions. The re
sults are shown in Table 2. 

It is evident that a small addition of Ce 
markedly influences the flowability of Cu-
13Mn-20Sn alloy (32% better), which re
sults in good penetration during brazing. 
Cerium's strong affinity toward oxygen, 
promoting deoxidation, enables the alloy 
to undermine the metal/oxide interface 
more readily. This causes wetting to 

Fig. 3 - Cu-1 IMn- 16Sn- INi alloy in the as-cast condition. 500X Fig. 4 - Mild steel to mild steel butt joint at 850 "C, using Cu-11Mn- 16Sn-
lNi brazing alloy. 300X 
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fig. 5 — Cu- 12Mn- 19Sn alloy in the as-cast condition. bOOX Fig. 6 - Mild steel to mild steel butt joint at 800 C, using Cu- 12Mn- 19Sn 
alloy. 400X 

progress more easily, resulting in the for
mation of a larger spread area. This alloy 
can be recommended for joining MS to 
MS at above 800°C to provide a high-
strength low-porosity joint. 

Another important factor that affects 
the joint strength is the presence of inter
metallics at the braze/metal interface. 
Both Figs. 4 and 6 show the presence of 
complex Fe-Mn-Sn intermetallics, revealed 
by etching. In general, intermetallics are 
brittle and impair the strength of the joint. 
Intermetallic formation was found to be 
more severe in the interface of joints 
made by Cu-18Mn-15Sn alloy (Fig. 8) 
rather than Cu-12Mn-19Sn al loy-Fig. 6. 
This accounts for the comparatively lower 
strength of the former. 

The third group consists of a single 
alloy, Cu-10Mn-30Sn, which meets the 
special requirement for brazing copper to 
mild steel at an intermediate temperature, 
e.g., 750°C. 

In a Cu to MS joint, a continuous layer 
of homogeneous solid solution was ob
served (Fig. 11) between copper and the 
filler alloy when this alloy was used. The 
composition of this solid solution was an
alyzed by EDX and was found to contain 
74.5 wt-% Cu, 5.6 wt-% Mn and 19 wt-% 
Sn. A thin layer of complex intermetallics 
was also formed between the mild steel 
and the filler alloy. The composition of this 
layer consisted of more Mn but less Cu 
and Sn than the solid solution layer. This 
indicates that the distribution of elements 
varies from one end of the joint to the 
other. There is an apparent variation in 
structure of the filler metal in the joint, 
which no longer appears as the uniform 
as-cast structure, possibly due to remelt
ing, different cooling rate and elemental 
diffusion from the base metal —Fig. 11. it 
can be seen that a small amount of irreg
ular a phase, which is derived from the 
eutectoid, tends to concentrate on the 

copper/filler metal interface, while the 
finer eutectoid form remains at the inter
face between mild steel and the filler 
metal alloy. Both these features are sup
posed to be beneficial to the joint strength. 

Unfortunately, this alloy did not pro
duce satisfactory joints with MS to MS. 
This could be due to the fact that in braz
ing Cu to MS the diffusion of Cu from the 
base metal into the brazing alloy takes 
place readily and alters the composition of 

Table 2—Area of Spread of Cu-Mn-Sn 
Alloys on Mild Steel in Sessile Drop Test at 
800° C for 5 Minutes 

Alloy (actual 
composition) 

Cu-12Mn-19Sn 
Cu-13Mn-20Sn-1Ce 
Cu-15Mn-22Sn-1Ni 

Spread Area 
(mm2) 

148 
196 
127 

- Cu- 18Mn- 15Sn alloy in the as-cast conditions. 600X Fig. 8 —Mild steel to mild steel butt joint at 850°C, using Cu-18Mn-15Sn 
brazing alloy. 700X 
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Fig. 9 — Cu-12Mn-19Sn alloy in the as-cast condition. SEM micrograph 
1000X 

Fig. 10-Cu-10Mn-30Sn alloy in the as-cast condition. 500X 

the alloy, making it ductile. This effect was 
also observed in our work with MS to Cu 
and Cu to Cu lap joints, made with high-
tin-containing Cu-Mn-Sn alloys (Ref. 3). 
This does not happen readily in MS to MS 
joints, so the characteristic of the brazing 
alloy is not altered significantly to make a 
satisfactory joint. 

The Cu-rich corner of the Cu-Mn-Sn 
system has been studied by various work
ers (Refs. 4, 5). The melting points of the 
alloys seem to decrease with increasing 
amounts of manganese and tin. It is evi
dent from this work that the composition 
of Cu-Mn-Sn alloys can be varied to 
choose a suitable working range. How
ever, for successful brazing of ferrous 
metals, additions of manganese should be 
controlled between 3 to 15 wt-%, with 15 
to 20 wt-% tin, to overcome or minimize 

Fig. 11 — Copper to mild 
steel butt joint at 

750°C, using 
Cu- 10Mn-30Sn brazing 

alloy. 500X 

the formation of detrimental intermetallics 
at the braze/metal interface. 

Conclusions 

1) Cu-Mn-Sn system alloys have the 
potential to join MS to MS at brazing tem
peratures at or above 800°C, and to join 
copper to MS at about 750°C. Cu- I IMn-
16Sn-1Ni produces high-tensile-strength 
joints of MS to MS at temperatures above 
850°C. Cu-12Mn-19Sn and Cu-13Mn-
20Sn-1Ce can be used to braze MS to MS 
at about 800°C with acceptable joint 
strength. Cu-10Mn-30Sn is capable of 
joining Cu to MS at about 750°C. 

2) Both the adhesion of the primary 
phase to the interface of the joint and the 
diffusion of manganese into the mild steel 

base metal are beneficial to the joint 
strength, but the formation of intermetal
lics in the interface between the filler 
metal and the base metal is harmful. 

3) Though the addition of a small 
amount of nickel improves the MS to MS 
joint strength considerably, it also raises 
the effective brazing temperature. The 
addition of a small amount of cerium im
proves the flowability of the alloy but 
lowers the joint strength, so a balance has 
to be sought. 
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