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ANALYSIS OF A BRAZED JOINT OF SILVER AND COPPER
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Abstract: The paper describes a practical application of resistance brazing to joining of a silver element and a copper element to make a contact
element to be used in electrical engineering. First the two elements to be brazed are shown schematically. By means of an Auger electron
spectrometer a chemical analysis of both surfaces to be joined by brazing, i.e. the copper-element surface and the surface of the filler metal placed
at the surface of the silver element, is made. The experimental part schematically shows the principle of resistance welding and brazing, and
diagrams show variations of current and voltage drop in both workpieces during brazing as a function of time. An analysis of the brazed joint included
assessment of joint quality and of the occurrence of pores or other imperfections at the cross section of the joint. At individual locations of the joint,
a chemical composition was analysed with a scanning electron microscope JEOL JSM with an energy disperse X-ray analyser. The conclusions
drawn indicate that the technology applied to joining of silver and copper in the electrotechnical industry is quite suitable, although costly. From
the points of view of technology and economy it would be reasonable to investigate a possibility of welding silver and copper, i.e. joining without the
application of brazing filler metal.

Analiza spajkanega spoja srebra in bakra

Kijuéne besede: spoji spajkani, spoji varjeni, spoji kovina-kovina, spajkanje trdo, spajkanje elektrouporovno, Ag-Cu spoji srebro-baker spajkani trdo,
spajke trde, preseki spojev, varjenje elektri¢no, varjenje elekirouporovno, tok elektri¢ni varilni, padec napetosti elektricne, analiza kemiéna, elementi
kontaktni, znizanje strodkov

lzvledek: V clanku je prikazan prakti¢ni potek elektrouporovnega spajkanja elementa iz srebra in elementa iz bakra, ki se vgrajujeta kot kontaktni
element v elektrotehniki. Najprej sta shematsko prikazana oba elementa, ki ju spajkamo, s spektrometrom Augerjevih elektronov pa je narejena
kemi¢na analiza ober povrsin, ki se med spajkanjem spojita. To sta povrsina bakrenega elementa in povrsina spajke, ki se Ze pred spajkanjem nahaja
na povrsini srebrnega elementa. V okviru eksperimentalnega dela je shematsko prikazan princip uporovnega varjenja, v diagramih pa sta prikazana
potek jakosti toka in padca napetosti v obeh spajkancih med spajkanjem v odvisnosti od ¢asa. Pri analizi samega spoja smo na pre¢nem prerezu spoja
ugotavljali kakovost spoja, prisotnost morebitnih por ali drugih napak. Na posameznih mestih pa smo z vrsticnim elektronskim mikroskopom JEOL
JSM z energijskim disperzijskim analizatorjem rentgenskih zarkov analizirali kemi¢no sestavo. Na koncu ¢lanka smo podali zakljucke, ki pravijo, da je
tehnologija spajanja srebra z bakrom za elektrotehni¢no industrijo popolnoma ustrezna, toda nekoliko draga. Z ekonomskega in tehnoloskega vidika
bi bilo smiselno raziskati tudi tehnologijo varjenja srebra in bakra, t.j. spajanje brez uporabe spajke.

same or at least similar chemical, metallurgical, and physi-
cal properties. Highly different metals, however, can be
joined permanently only by brazing with a brazing filler met-
al which melts in the course of the process and joins the

1. Introduction

Increased demands for higher quality and productivity as
well as cutting the production costs require introduction of

up-to-date and reliable manufacturing technologies by
manufacturers. Joining by welding and brazing processes
may certainly be considered such advanced technologies.
For example, in electrotechnical industry elements are of-
ten used which have to conduct electric current efficiently,
show good strength and corrosion properties, and endure
dynamic loads. By using an appropriate joining method for
various elements made of different materials it is possible to
produce a final product with the properties required. In
numerous electric assemblies, elements can be found
which were manufactured by welding or brazing of the same
or different materials. The materials most often used for such
applications are copper, brass, silver, and stainless steels.

The various materials can be joined in different ways. A
special joining technology has to be elaborated for making
each joint of two or more similar or dissimilar metals sepa-
rately. Fusion welding can be used only under certain con-
ditions, and only with certain similar or dissimilar materials.
The different metals to be fusion welded should have the

two elements. It should be, however, taken into account
that any joint made by fusion represents inhomogeneity
between two metals. If the brazing filler metal is used, this
inhomogeneity is even stronger. With electric elements it
shows as an increased resistance during operation at room
or elevated temperature.

2. Posingthe problem

In manufacture of electotechnical elements very often a
need arises to join a silver element and a copper element.
In the literature practically no useful instructions or data on
joining of silver and copper can be found. Indeed some
general principles of welding and brazing of non-ferrous
metals can be found in various publications /1-7/ but for
such special cases as the one treated in the present paper,
some experimental work had to be done.

Taking into account the size of series, resistance welding
and brazing processes have established themselves as the
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most cost-effective processes to be used with practical ap-
plications. Direct joining of silver to copper by welding with-
out the application of filler metal shows numerous advan-
tages over a brazed joint. They are higher homogeneity of
the joint as a whole, more uniform characteristics of the
entire element, which particularly concerns voltage drop in
electric-current conduction. But the technology of welding
pure silver-based and copper-based materials or alloys is
extremely demanding due to high electric conductivity of
the materials. Thus in many cases resistance brazing is pre-
ferred.

Figure 1 schematically shows copper and silver elements,
a brazing filler metal, and the entire joint.
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Fig. 1. Schematic representation of copper and silver
elements including brazing filler metal, and the
joint.

Lower energy required to produce the joint in particular is
an advantage of resistance brazing over resistance weld-
ing. In brazing the parent metals will not melt but only heat
up to the melting temperature of the brazing filler metal. In
the course of brazing the filler metal will melt. The melting
temperature of the filler metal is much lower than that of the
parent metals, i.e. silver and copper, and a higher ohmic
resistance and lower thermal conductivity, which makes it
easier to produce the joint with Joule’s heat. Resistance
welding is based primarily on the principle of high contact
resistance between two workpieces which is much higher
than the resistance in the workpieces and that between the
workpiece and the electrode. This principle is made use of
in welding of all kinds of steel plates. In welding of non-
ferrous metals with high electric conductivity, however, the
contact resistance between the workpieces is compara-
tively low. Consequently, at the interface between the two
metals low thermal energy is generated.

In general, contact resistance per unit area depends on the
kind of the materials being in contact and on surface rough-
ness. With most metals, their surface is contaminated by
impurities and oxides, therefore, they show higher ohmic
resistance than pure metals. in our case, the decisive role
was played by the contact resistance between the copper
element and the filler metal placed on the silver element. A
chemical analysis of both surfaces was made. An Auger
electron spectroscope (AES) was used. The primary static
electron beam had an energy of 3 keV, a current of 0.8 YA,
and a diameter of 40 um. The two test pieces were etched
at an area of 4.5 x 4.5 mm with two argon (Ar) ion beams
with an energy of 1 keV at an angle of 47°. Velocity of ion
etching was 2 nm/min. The concentration of the elements
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at the surface was calculated using sensitivity factors spec-
ified by the manufacturer of the apparatus. Figure 2 shows
a through-depth profile of the chemical composition ob-
tained with the copper element. The surface is covered by
a thin contaminated carbon layer. It is estimated that the
layer has a thickness of a few atom layers. The surface is
mildly oxidised. Traces of chlorine were found as well.
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Fig. 2. Through-depth profile of chemical composition
at the surface of copper element obtained with
AES (velocity of ion etching: 2 nm/min)

Figure 3 shows results obtained with the silver element
including the filler metal. The surface of the filler metal was
analysed. The filler-metal layer at the surface of the silver
element was 100 mm thick. At the surface of the filler metal
some carbon and oxygen impurities were found. The com-
position of the filler metal was as follows: 74% Cu, 18% Ag,
and 8% P. This is, however, the composition of the filler-
metal surface. The composition of the filler metal itself dif-
fers very much from this composition.
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Fig. 3. Through-thickness profile of chemical
composition at the surface of filler metal placed
on the silver element (velocity of ion etching: 2
nm/min).
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Both figures, i.e., Figs. 2 and 3, indicate that the contact
surfaces to be brazed are covered by some impurities, but
these layers are too thin to make contact resistance essen-
tially increase. At both surfaces roughness was measured
too. The measurements made showed that the surface of
the copper element is much smoother than that of the filler
metal placed on the silver element. Roughness at the filler-
metal surface somewhat increases the contact resistance
between the filler metal and the copper element, which
makes brazing easier.

3. Experimental work

Experiments were made with a common resistance weld-
ing device and an alternating current with a frequency of 50
Hz. The principle of resistance spot brazing is shown in Fig.
4. Individual elements making the secondary part of the
machine with a transformer such as electrode holders,
clamping dies, electrodes, and the workpieces are shown.
Materials for the electrodes and the lower-electrode clamp-
ing die are described. In resistance brazing and welding,
particularly of non-ferrous metals, it is very difficult to select
the right materials for the electrodes. The electrodes should
conduct electric current efficiently, show high strength and
hardness at room temperature as well as at elevated tem-
peratures.

Fig. 4. Schematic representation of resistance spot
brazing of silver to copper. 1-upper-electrode
holder; 2 - lower-electrode holder; 3-upper
electrode (silver); 4 - lower electrode (copper);
5-connecting piece (copper); 6 - electrode
(tungsten).

On the basis of experimental results, a copper electrode
was selected to be positioned on the silver element and a
tungsten electrode for the copper element (Fig. 4). As al-
ready mentioned. in brazing the brazing filler material should
melt whereas the two elements should heat only up to the
operating temperature.

Optimum brazing parameters were found experimentally.
The most important brazing parameters are alternating-cur-

rent intensity, electrode forces, and brazing time. The range
of the optimum parameters is very narrow. This is particular-
ly true of the brazing time and the brazing current intensity.
In resistance brazing, current intensity is most often set in
two steps. A rough setting is performed with a switch which
includes different numbers of windings at the primary side
of the transformer whereas a fine setting is performed with
two thyristors acting as a switch at the primary side of the
welding transformer as well. The optimum effective intensi-
ty of brazing current ranged between 6900 Aand 7250 A,
the optimum time between 180 ms and 220 ms, and the
optimum electrode force between 430 N and 590 N.

Quality assessment of a spot joint obtained in resistance
welding or brazing is a very difficult and time-consuming
task. No efficient method has been found yet to make a
reliable assessment of a spot weld based on the variation of
welding and brazing parameters respectively. One of future
methods which might provide appropriate results is meas-
urement of the voltage drop in the entire joint in the course
of welding and brazing respectively. Figure 5 shows a vari-
ation of voltage drop in spot brazing in duration of 200 ms
with an effective current of 7100 A, and an electrode force
of 480 N. It can be seen that the initial contact resistance
was comparatively high. Immediately after the beginning of
brazing it began falling and was falling for approximately 80
ms. After 80 ms of brazing, it was rising again till brazing was
completed. Such aresult could be expected. At the begin-
ning of brazing the contact between the two surfaces was
namely incomplete. This resulted in a high current density
and, consequently, a strong voltage drop.
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Fig. 5. Voltage drop at both workpieces as a function of
time in resistance spot brazing of silver to copper:
I=7100A, F=480N

Right after the beginning of brazing, the contact surface
between the filler-metal surface and the copper-element
surface increased due to Joule’s heat and the electrode
force. This produced the resistance and the voltage drop.
After approximately 80 ms of brazing both workpieces obvi-
ously heated up so that the brazing filler metal started melt-
ing. As the resistance of a majority of metals increases at
elevated temperatures, the voltage drop becomes stronger
as well. In the last phase when the brazed joint finally is
formed and the contact resistance between the electrodes
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and the workpieces decreases, the voltage drop is again
weaker.

Figure 6 shows a variation of the current during brazing.
Right at the beginning of brazing the current intensity is a
little lower since the contact resistance between the ele-
ments brazed is very high (see Fig. 5). After some ten milli-
seconds of brazing, a current of a stronger intensity flows
which is then almost constant.
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Fig. 6.  Variation of current during brazing of silver to

copper

4. Analysis of the brazed joint

Already during the study of the optimum parameters, macro
specimens of the brazed joints were made, joint quality and
dilution of the filler metal with the parent metal were stud-
ied, possible defects in the brazed joint were searched for,
and individual macro specimens were compared with each
other and with the brazing parameters. The brazing parame-
ters of the joints of which the macro specimens fulfilled the
stringent requirements for acceptance were taken as opti-
mum parameters.

Figure 7 shows a cross section of the brazed joint of silver
and copper. On the top the silver element is found, on the
bottom the copper element, and in between a layer of the
filler metal. The photo was magnified by 100 times, which
means that 1 cm in the photo corresponds to 100 mm atthe
actual specimen.

Figure 8 also shows a cross section of the same brazed
joint magnified by 600 times, which means that 1 cminthe
photo corresponds to 17 mm at the actual specimen. In
both figures (7 and 8) capital letters indicate eight different
jocations. At locations D, E, F, and G chemical analyses
were made. For this purpose the scanning electronic mi-
croscope JEOL JSM 35 with energy-dispersion microana-
lyser of X-rays TRACOR TN 2000 was used. With the elec-
tronic microscope photos of the specimens were taken with
secondary electrons emanating from bombardment of the
specimen by an electron beam with an energy of 25 keV,
current 0.2x107'° A, and a beam diameter of 200 nm. Us-
ing the method of electron microanalysis the energy dis-
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perse X-Ray (EDX) spectra were registered at the above-
mentioned locations. The spectra obtained permitted the
determination of the chemical compositions. This is an an-
alytical method of determination of the composition of an
around 1 mm thick layer.

In Table 1 the elements found at the point analysed are
stated. It is estimated that the error may amount to around 2
Wt%.

Designation Description Ag (wt-%} Cu (wt-%) P (wt-95)
Location D grain 84.5 155 0
Location E grain 824 17.6 0
Location F phase | 3.6 96.4 0
Location G phase 2 10.3 85.7 4
Location H phase 2 165 84.5 4

Table 1. Compositions of the analysed locations at the
specimen of the brazed joint in weight
percentages. Locations are marked in the same
way asin Fig. 8.

At the cross section of the silver plate two different zones
were observed. Inthe upper zone (A in Fig. 7) dark pores
were observed. The basic composition of the zone was
silver. Traces of aluminium and copper, however, were found
too. In the lower zone there was a 200 pm thick layer (B in
Fig. 7) containing no dark pores. The chemical composi-
tion is the same as in the upper zone of the plate. A special
layer is the layer of the filler metal (C in Fig. 7} which melted
during brazing and partly diluted by the parent metal, partic-
ularly silver, and much less with copper. Prior to brazing the
thickness of the filler-metal layer placed on the silver ele-
ment was 100 um {(see Fig. 1).

100um
oo

Cross section of the brazed joint magnified by
100 times; brazing parameters: | = 7100 A,
F=480N

Fig. 7.

The layer formed during brazing was approximately 40 mm
thick. It was composed of grains rich in silver and two inter-
metallic phases rich in copper. Some pores were found
here too. The boundary between the filler-metal layer and
the copper element was straight. This indicates that during
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brazing there were no conditions for the formation of new
phases or grains from the filler-metal elements or copper.
Suitable conditions for such processes would be a longer
brazing time or a higher energy input in the joint.

In Figure 8 capital letters D and E indicate the grains (in
electronic microscope shots they are of light colour) con-
taining 85 wt-% of silver and 15 wt-% of copper.

17um

Fig. 8. Cross section of the brazed joint magnified by
600 times; brazing parameters (see Fig. 7).

Among these grains rich in silver and some pores in this
layer there are also two phases both rich in copper but each
having a different composition. The first phase consists of
96 wit-% of copper and 4 wt-% of silver and is round-shaped
(F in Fig. 8). The second phase consists of 85 wt-% copper,
11 wt-% of silver, and 4 wt-% phosphor, and is fine-grained
(GandHin Fig.8).
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Fig. 9.  Cross section of the brazed joint containing pores
magnified by 200 times; brazing parameters:
1=6750A,t=300ms, F=480N

In the case brazing was carried out with parameters beyond
the range of optimum parameters, the joint obtained was
not so homogeneous as the one shown in Figures 7 and 8.
Figure 9 shows a cross section of the brazed joint contain-
ing pores with diameters ranging from 65 to 85 um. The

pores are found in the filler-metal layer and are relatively
numerous, i.e., much more numerous as in the specimen
shown in Figures 7 and 8. Quality of such a brazed joint is
not acceptable. Consequently, such brazing parameters
were excluded from the optimum range although the ap-
pearance of the brazed joint might be satisfactory and joint
strength within the limits of acceptability.

5. Conclusions

The study of brazing of the silver element with the copper
one showed that the comparatively low energy input per-
mits the achievement of a quality joint and that the inhomo-
geneities at the brazing boundary, if brazed with the opti-
mum parameters, are negligibly small. A difficulty encoun-
tered in the practical application of this technology is that
the assessment of the quality of such a joint is very exact-
ing. In spite of an excellent visual appearance of the joint
and satisfactory joint strength it might happen that there are
pores at the brazing boundary which will impair the charac-
teristics of the brazed element, and they may be noticed
only after a shorter or longer operation time.
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