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Characterization of 205
and 206 copper alloys for space
and ground applications

A. Brotzu, F. Felli, F. Fraccaroli, A. Paolozzi, C. Paris, D. Pilone

Cu-Ni-Sialloys are widely used for electrical applications because of their interesting combination of high strength and
high electrical conductivity. They are utilized in several industrial sectors for producing, for example, resistance wel-
ding electrodes, plungers for die-casting, connectors, dies. They could be used for space applications, for example for
the production of passive satellites where high density, good thermal conductivity and good mechanical properties are
required. For common industrial applications, components made of these alloys are subjected to forging, extrusion or
drawing followed by aging treatment. In this work, the mechanical behavior of alloys 205 and 206 has been investigated
to evaluate the effect of solution heat treatment and aging. The results highlighted that small changes in the process
parameters greatly affect the alloy mechanical response.
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INTRODUCTION

Copper alloys characterized by both high conductivity and
high strength have several applications in many fields in-
cluding aerospace. A remarkable application was provided
by NARloy-Z, a copper alloy (3 wt.% silver and 0.5 wt.%
zirconium) used to dissipate the tremendous heat produ-

ced by the space shuttle engines due to its high thermal A. Brotzu, F. Felli, D. Pilone
conductivity [1,2]. High thermal conductivity is also desi- Dip. ICMA, Sapienza Universita di Roma, Via Eudossiana 18, 00184
rable to reduce a tiny but not negligible perturbation, the Roma

thermal thrust, on geodetic satellites [3,4]. In particular for F. Fraccaroli

the LARES 2 satellite [5] specifically designed to test Ge- Metalminotti s.r.l,, Via G.Puccini 21, 20028 San Vittore Olona, Ml
neral Relativity, the use of a copper alloy has been con- A. Paolozzi, C. Paris

sidered [6]. The main problem for beryllium-free copper Scuola di Ingegneria Aerospaziale, Sapienza Universita di Roma,

. , . Via Salaria, 00138 Roma
alloys is to reach a high surface hardness. This property for

instance, is important at the interface satellite-separation
system. Copper alloys 205 and 206 have shown good po-
tential to reach high surface hardness and high strength.
The critical aspect is to increase the strength of these al-
loys without decreasing the electrical conductivity. Cu al-
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loys can be strengthened by means of solid solution, pre-
cipitation, grain refinement and deformation, but all these
methods will create defects that will decrease the conducti-
vity. CuCrZr alloys have been deeply studied to improve
strength and conductivity [7]. Zr forms Zr-rich precipitates
that improve the alloy mechanical properties and its resi-
stance to creep and fatigue. In recent years, many proces-
ses have been set up to improve the strength and electrical
conductivity of these alloys [8-14]. For example, Sun et al
[11] studied a one-step deformation process without aging
in order to produce a nanostructured CuCrZr alloy having
a tensile strength of 700 MPa and an electrical conductivity
of 78.5% IACS. The high strain rate and cryogenic deforma-
tion allowed a mixed nanostructure to be produced with
nanotwins that strengthen the CuCrZr alloy without com-
promising the electrical conductivity. Other researchers
combined severe plastic deformation with heat treatments
to optimize strength and ductility [6]. The mechanical and
corrosion behavior of these alloys has been deeply studied
because they could be used for fusion reactors in extreme
conditions [15-19].

The most well-known high-strength medium-conductivity
alloys are CuNiSi alloys. Their strengthening mechanism
has been known since 1927, but in recent years a great ef-
fort has been devoted to mechanical and microstructural
characterization of these alloys [20-26]. Many reports hi-
ghlighted that the strengthening mechanism can be mainly
attributed to the precipitation of 6Ni,Si, although many
other metastable phases might co-precipitate [20]. Recent
studies revealed that by increasing cold rolling reduction
rates, the alloy forms parallel shear bands that determine
the formation of a fibrous microstructure that produces
an abnormal increase in electrical conductivity [25]. Other
studies showed that alloy pre-deformation provides shear
bands that offer sites for discontinuous precipitation initia-
tion in the early stage of annealing [26]. Several alloy sy-
stems have been analyzed by evaluating the effect of small
amounts of alloying elements, such as Cr, Fe, Ti, with the
aim of further improving mechanical properties without an
adverse effect on conductivity [21, 24].

Alloys 205 and 206 (Beryllium free RWMA Class 1V) find
wide applications in the fabrication of parts and tools for
plastics, i.e. molds for plastic injection, sliding parts, and
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coolinginserts because they allow a better productivity due
to the shortened cooling time of molds and other injection
equipment. This happens because of the excellent thermal
conductivity that permits a rapid thermal exchange. More-
over, moulds and inserts have a longer service life becau-
se of the high wear resistance of these alloys. These alloys
find wide application also in the production of permanent
molds for brass low-pressure and gravity casting, thanks
to the increased production rate and a longer mold service
life. Even the Die Casting process (all plunger tips for ma-
gnesium and aluminium production) required 205 and 206
alloys as substitutes of copper beryllium alloys that gave
safety problems. Resistance welding is also an important
market for CuNiSi alloys. In this work, 205 and 206 alloys
were studied in order to evaluate the effect of aging treat-
ment on their mechanical behavior to further widen their

fields of application.

MATERIALS AND METHODS

205 and 206 copper alloys were provided by Metalminotti.
The as-received samples were already extruded and aged.
To study the behavior of these alloys, they were subjected
to a solution heat treatment. This treatment was carried
out at 900 °C for 1.5 h and subsequent cooling was carri-
ed out in water for the alloy 205 (sample A1) and the alloy
206 (sample A2), while it was carried out also in air only for
alloy 206 (sample B). The aging of the specimens was per-
formed at 500 °Cfor 18 h. The specimens were subjected to
metallographic characterization and to mechanical tests to
observe the variations induced by the heat treatment. Me-
tallographic analyses were performed after etching, carried
out by using ferric chloride. SEM/EDS analyses were per-
formed to determine the composition of different visible
phases.

Tensile tests were carried out to determine ultimate tensile
stress, yield stress, and elongation. Tensile test specimens
were cut from the bulk material in order to determine the
alloy mechanical behavior in the as-received condition,
after solution heat treatment and aging at 500 °C.,

To identify the phases before and after heat treatment,
X-ray diffractions were performed using a Philips X'pert
diffractometer with a Cu(Ka) source. Phases were analyzed

by using X'pert Highscore software and PDF2 database.
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Conductivity tests have been carried out in the Metalmi-
notti laboratories. Electrical conductivity has been tested
with a portable instrument for determining the electrical
conductivity of nonferromagnetic metals in accordance
with the eddy current method. This instrument is the Foer-
ster Sigmatest and does not follow international standards
or particular procedures. This instrument needs to be ca-
librated using a pure sample of oxygen-free Cu. Particular

attention must be paid not to exit the allowable range of
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temperatures of the sample and to its surface, which must
be clean and oxide-free. Considering that the test tempe-
rature range must be 18-28 °C, our tests were carried out at
22°C +/-3°C,

RESULTS AND DISCUSSION
The compositions of the two selected alloys, determined
by means of EDS analyses, show they are age hardenable

copper alloys (Table 1).

Tab.1 - Measured composition of alloys 205 and 206.

205 Alloy (wt %) 206 Alloy (wt %)
Si 0.57 0.7
Cr 0.62 0.46
Ni 2.69 5.70
Cu Bal. Bal.

Aging tests, carried out at 500 °C, showed that the 205 al-
loy (sample A1), already after 6 h of treatment, reaches a
hardness of 224 HV10. This value remains almost unchan-
ged up to 9 hours (Fig. 1) and subsequently decreases due
to overaging.

As far as the 206 alloy is concerned, the sample B, which
is quenched in air, has a higher hardness in comparison
with sample A2 since, during the slow cooling, the pre-
cipitation of reinforcing intermetallic particles has begun.
The aging tests carried out at 500 °C showed that sample
A2, already after three hours of treatment, reaches a value
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of 274 HV10. This value remains virtually unchanged for
up to 18 h. Table Il also shows that sample B, after aging,
does not reach the hardness values reached by sample A2.
Having found, for sample B, a hardness reduction already
after a 7-hour test, no subsequent measurements were
made. These results highlight that the aging behavior is
influenced by the quenching rate after solution heat tre-
atment. By observing Fig. 1 it is apparent that 205 alloy in
the as-received state has a hardness higher than the one
we obtained, while the hardness of 206 alloy is similar to
the one we obtained with the selected thermal treatment.
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Fig.1 - Vickers hardness due to aging treatment at a 500 °C of 205 and 206 copper alloys quenched in water.
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Tab.2 - Alloy 206: effect of quenching rate on aging behavior. Hardness values (HV10) of sample A2 and sample
B after aging at 500 °C.

Time (h) 0 3 5.5 7 9 12 18
Sample A2 96 274 280 297 274 274 264
Sample B 181 254 -- 237 -- -- --

As far as the microstructure is concerned, the alloys have
beenanalyzed inthe asreceived, solution heat treated and
aged state. The microstructure is quite similar in the three
states of the alloys for both alloys and the heat treatments
do not seem to have an influence on the size of the grains,
which are, however, somewhat heterogeneous.

Observing the microstructure of the alloys (Figures 2 and
3), analyzed after aging, it is possible to see the presence
of a gray phase observable even in the absence of metal-
lographic etching. SEM/EDS analyses revealed that this

phase probably consists of a Cr-Si eutectic compound
(Cr-Cr,Si). By comparing the microstructures of 205 and
206 alloys it is possible to highlight that in alloy 206 the
eutectic phase is less homogeneously distributed and it
forms big grains (Figure 3). Moreover, the micrographs in
Figure 3 show that after aging treatment the alloy is cha-
racterized by grains of different sizes that in some areas
reach maximum values of about 30 um. This confirms that
during aging there is no grain growth.

Fig.3 - Optical micrographs that show the microstructure of the 206 alloy after aging at two different magnifications.

The XRD pattern shown in Fig. 4 highlights that after aging, alloy 206 is reinforced by Ni, Si , particles precipitated in

the bulk copper material.
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Fig.4 - Xray diffraction pattern of 206 alloy after aging treatment.

The effect of heat treatment on the mechanical properties
of the 205 alloy has been evaluated. Table Il shows the
yield stress, tensile stress, elongation (%) and hardness
values for the as-received sample (extruded and aged),
for the sample after solution heat treatment at 900 © C and
after aging at 500 °© C for 6 h. The results show that, while

after solution heat treatment the alloy is characterized by
low values of the tensile strength and high ductility, after
aging both the yield strength and the tensile strength in-
crease but do not reach the values obtained for the alloy

in the as-received state.

Tab.3 - Alloy 206: effect of quenching rate on aging behavior. Hardness values (HV10) of sample A2 and sample
B after aging at 500 °C.,

oy (MPa) oR (MPa) A% HV10
As-received specimen 511 641 19 240
Sample treated at 900
oC for 1.5 h and water 76 271 59 63
quenched
Sample treated at 900° C
for 1.5 h, water quen-
ched, and aged at 500 °C 485 627 14 224
foreh

To evaluate the effect of heat treatments on the mechani-
cal properties of the 206 alloy, tensile tests have been per-
formed. Table IV shows the yield stress, ultimate tensile
stress, percentage of elongation, and hardness values for
the as-received sample, for the sample after solution heat
treatment at 900 °C and after aging at 500 °C for 6 h. The

results show that while in the solution heat treated state
the alloy is characterized by low strength values and high
ductility as expected, after heat treatment the yield stress
and the percentage elongation increase in comparison

with the as-received alloy.
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Tab.4 - Tensile test results for alloy 206.

oy (MPa) oR (MPa) A% HV1o0
As-received sample 589 701 12 274
Sample treated at 900 ©
Cfor1.5hand quenched 120 345 36 94
in water
Sample treated at 900
oCfor 1.5 h,quenchedin
water and aged at 500 °C 607 693 16 280
foreh

In order to evaluate the fracture behavior of the 205 alloy
it is important to analyze the morphology of the fracture
surfaces of the tensile specimens. Figures 5a, 5b and 5c
show, respectively, the micrographs of the fracture sur-
faces of the as-received, solution heat treated and aged
specimens, respectively. From these figures it can be ob-
served that the specimens supplied by Metalminotti show
a mixed fracture mode characterized by brittle behavior,
with mainly intergranular fracture, and by ductile beha-
vior. Figure 5b shows that after solution heat treatment

the behavior of the alloy is ductile: the surface is in fact
characterized by the presence of dimples. After aging at
500 © C for 6 h, the behavior of the alloy is partially ducti-
le and partially brittle: in fact, Figure 5¢ shows areas cha-
racterized by plastic deformation (dimples) and areas cha-
racterized by transgranular fracture.

From a comparison between the alloy treated by Metal-
minotti and the one treated at the Sapienza laboratories,
it is evident that small variations in temperature and aging
time can considerably influence the behavior of the alloy.

Fig.5 - SEM micrograph showing the fracture surface morphology of alloy 205 in the as-received conditions (a),

after solution heat treatment (b) and after aging (c).
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Figures 64, 6b, and 6c show SEM micrographs of fracture
surfaces of as-received, solution heat treated, and aged
specimens of alloy 206. From these figures it can be ob-
served that the specimens provided by Metalminotti have
a mixed fracture mode characterized by a brittle behavior,
with predominantly intergranular fracture, and a ducti-
le behavior. Figure 6b instead shows that in the solution
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heat treated state the behavior of the alloy is ductile: the
surfaceisinfact characterized by the presence of dimples,
similarly to alloy 205. After aging at 500 © C for 6 h, the
behavior of the alloy remains predominantly ductile (Fi-
gure 6c), although the fracture surface has areas of limited

extent with brittle behavior.

Fig.6 - SEM micrographs showing the fracture surface morphology of alloy 206 in the as-received conditions

(a), after solution heat treatment (b) and after aging (c).

By doing a comparison between the alloy treated by Me-
talminotti and that treated at the Sapienza laboratories,
it is still evident how small variations in temperature and
aging time can greatly influence the behavior of the alloy.
Considering that the studied alloys have interesting ap-
plications like plungers for light alloy pressure die-ca-
sting, die-spare parts for plastic materials, and especially

electrodes for resistance welding, it is important that they
are characterized by high electrical conductivity. Con-
ductivity tests carried out on the two selected alloys, in
the as-received state, highlighted that both alloys are
characterized by very good conductivity. Table V shows
the measured values, the mean values and the standard

deviation.

Tab.5 - Experimental values of electrical conductivity measured in IACS %.

Stan
Mean dev
Alloy 205 47,9 47,3 47,6 47,5 46,8 46,9 47,2 47,5 46,9 47,2 47,28 0,35
Alloy 206 36,3 36 36,6 36,1 36,9 36,5 37,1 36,8 36,8 36,3 36,54 0,36
Meas No. 1 2 3 4 5 6 7 8 9 10
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CONCLUSIONS

The evaluation of the properties of 205 and 206 alloys
for possible space applications, in particular for the con-
struction of a passive satellite, showed that some requi-
rements such as mechanical properties, specific weight
and both thermal and electrical conductivity were met.
However, the research carried out in this paper highli-
ghted that alloys 205 and 206 are very sensitive to heat tre-
atment conditions and thus that it is possible to tailor the
heat treatment for each particular application. Alloy 206,
which has a higher content of Ni and Si, allows to obtain
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better mechanical properties without adverse effect on
conductivity and show a very ductile behavior even for
high yield stress values. This study highlighted that in this
alloy hardening mechanisms are related to the formation
of Ni,,Si,, particles, precipitated during aging treatment.
Moreover, microstructural analyses highlighted that 206
alloy is characterized by the presence of fairly coarse Si-
Cr eutectic phases and therefore it is possible to perform
a study with the aim of improving the dispersion of this
phase and the alloy mechanical properties.
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