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Laser sintering of Cu-Sn-C system P/M alloys
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The Cu-Sn-C system P/M alloys were sintered by laser. The influence of laser sintering on
the properties of the laser-sintered materials was investigated. The properties, such as the
density, impact toughness, hardness and wear resistance of the laser-sintered materials are
desirable. A maximum impact toughness of 11.7 J/cm? was achieved and the wear
resistance of the laser-sintered materials was tremendously increased compared with
conventional sintering. The green compact made from Cu-Sn-C powders, with a thickness
of 10 mm, can be penetratively sintered by using a suitable processing condition. The laser
sintering was characterised by a thermal cycle which was accomplished in a relatively short
time, resulting in a relatively high temperature (950 °C). The curves showing temperature
profiles for the top surface and bottom of the laser-sintered specimen were recorded by
thermocouples. Differences in temperatures between the top surface and bottom were very
small, less than 60 °C. Some intermetallics/phases such as a-Cu, Cuz1Sng(§), CuzSn(s) and
CueSns(n) were most readily produced in the laser-sintered materials and their distributions
were more homogeneous than conventional sintering, owing to the better flow ability of
the melt caused by a relatively high sintering temperature. The behaviour of diffusion
between Cu and Sn was also studied by means of simulation diffusion couple.
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1. Introduction the machine was operated at a speed of 30 rpm for
Cu-Sn alloys have most widely been used as self3.5 h. After the homogeneity was confirmed by chem-
lubricating materials for many years [1, 2], and pow-ical analysis, the mixtures were then compacted into
der metallurgy has been a main process to fabricate thgpecimens at a pressure of 400 MPa, producing the
alloys. Some components which undergo wear in pracgreen compact with a size of 2010 x 55 mm. A 2kW
tical situation should have much less wear for their fric-CO, laser generator was employed to sinter the green
tion couple. For example, pantograph/collector, whichcompacts using a beam size of 30 mm in diameter and
is used for collecting electrical current from the over-a scanning rate of range in 0—20 mm/min. Thermocou-
head cable of electric trains, is a typical of componentples connected to an automatigy recorder were used
requiring less wear to the electrical cable largely beto monitor temperature profiles during laser sintering.
cause of its expensive cost. Cu-Sn-C system alloy is &or the purpose, two small holes with a depth of 1 mm
good candidate for this purpose. Since the miscibilitywere carefully drilled on the top surface and bottom of
of C in the Cu-Sn alloy is very poor, it is difficult to the specimen, and the ends of the thermocouples were
sinter Cu-Sn-C P/M alloys to become a high strengtithen mounted in the holes. Consequently, two tempera-
alloy. Inthe present study, green compact laser sinterintpre curves can be obtained at the same time. The den-
(GCLS) which can produce a high density P/M struc-sity of the sintered specimens was calculated through
tural part [3-5], will be adopted to sinter the Cu-Sn-Can equation of density= weight/volume. The size of
powder materials. The purpose of this paper is to studyhe specimens used for wear testisdD0x 14 mm. A
the properties and microstructures of the laser-sinteresample-on-the-wheel reciprocation wear test machine
Cu-Sn-C system P/M alloys. The characteristic of thewas used. The specimens were clamped to the wear
GCLS is also discussed in the paper. test machine. A friction wheel made of copper was em-
ployed as a friction couple to wear the sintered materi-
als. The friction wheel was run at a speed of 400 rpm
2. Experimental under an applied load of 10 kg, and wear time was
The powders used for experiments were copper, tin and0 min for each friction couple, under an unlubrica-
graphite with a size of range from250 to—300 mesh. tion condition. A balance with an accuracy of 0.1 mg
The compositions of the powder mixtures are listed inwas used to determine the weight loss for each worn
Table I. specimen and copper wheel. The morphology of the
The various powders were mixed in a self-made mix-worn surface was observed by SEM and compositions
ing machine. With the powder mixtures of 500 g load, in the laser sintered specimens were examined by EDS.
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TABLE | Composition of powder mixtures (wt %)

No. 1 2 3 4 5 6 7 8 9 10
Cu bal. bal. bal. bal. bal. bal. bal. bal. bal. bal.
Sn 3 3 3 3 3 2 3 4 5 6

C 2 3 4 5 6 6 6 6 6 6

TABLE Il Properties of specimens laser sintered

Weightloss  Weight loss

Density Hardness Impact of specimen of friction
(g/cn?)  HRB (Ilen?)  (mg) wheel (mg)
GCLS 6.07 38 5.78 1.7 5.0

X-ray diffraction test was carried out on a D/max-rA
type diffractometer using Cu target and graphite filter.

3. Results and discussion

3.1. Influence of C content on properties

For the laser-sintered specimens, the properties change
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Figure 3 SEM photograph, showing morphology of worn surface for
the laser-sintered specimens.

as C content increases; as shown in Fig. 1 and Fig. 2.
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Figure 1 Variations of properties with C content (3 wt %Sn).
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Figure 2 Variations of wear resistance with C content (3 wt %Sn).
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The density, impact toughness, and hardness of the
laser-sintered materials all decrease with increasing C
content, especially for the impact toughness which has
a maximum value of 11.7 J/évat 2%C and a mini-
mum value of 4.3 J/chat 6%C. Thus, the effect of

C content on the impact toughness is much more ob-
vious. The characteristics of wear resistance for both
the specimens and the friction wheel are reflected in
Fig. 2, showing the weight loss variations with C con-
tent. The weight loss of the specimens and friction
wheel decreases with increasing C content, indicating
that the self-lubricating effect of the graphite in the
laser-sintered specimen is well utilized. The wear re-
sistance of the laser-sintered specimen is very good.
(see Table I1). In order to investigate the reason for the
enhanced wear resistance, SEM was used to observe
the worn surfaces. The ploughed ditches of the worn
surface in the laser-sintered are not only shallow but
also narrow (see Fig. 3). It was observed by SEM that
almost all the graphite were firmly attached to the ma-
trix in the laser-sintered materials, leading to the better
wear resistance. Therefore, it is concluded that the lu-
brication effect of the graphite on the wear resistance
could be dominant in the laser-sintered condition.

3.2. Influence of Sn content on properties

Fig. 4 shows the density, impacttoughness and hardness
variations with Sn content for the laser sintered spec-
imens. Almost all the properties significantly increase
with increasing Sn content, showing there is a big influ-
ence of Sn content on the density, impact toughness and
hardness increase. Amounts of intermetallics/phases
formed in the Cu-Sn alloy increase as Sn content in-
creases. Thus, it is thought that the enhanced hard-
ness, density and impact toughness are attributed to the
formation of the intermetallcs/phases because of their
high hardness. For the wear resistance (see Fig. 5), the
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Figure 4 Variations of properties with Sn content (6 wt %C). (96 ml).
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weight loss of the specimens decreases with increas timels)
ing Sn content. Conversely, the weight loss of Cu fric-
tion wheel increases with increasing Sn content. It jg79ure 7 Temperature vs time.
because the hardness values of the laser-sintered ma-
terials are much higher than that of those Cu friction i i
wheels. The properties of the laser sintered specimerfP Surface(iradiated surface) and 8€bfor the bot-
are shown in Table II. tom. Starting time for the bottom being heated is later
than that for the top surface and the difference is about
5s, as shown in Fig. 7. The maximum temperature val-
3.3. Microstructure uesforthgtop sgrface and bottom are different, but 'Fhey
Fig. 6 shows morphology for the laser-sintered Spec_reach_thew maximum values at almost the same time.
imen. The microstructure includesCu, graphite as The higher sintering temperqture_an_d shorter sintering
well as some precipitates. TheCu phases are char- cycle of I_asersmterlng resultin a liquid phase sintering
acterized by twinning structure. As can be seen, thénechanlsm.
graphite is well combined with the matrix. It is diffi- The hardness vglues of both the top surface ar!d
cultto find pores by microstructure observation, but th ottom were examined, and the result_s are shown in
porosities were calculated to be 10-15% for the laser- able lll. The numbers are representative of the mea-
sintered materials. sure_d points on_the Iaser—s_,lntered specimens. There are
no significant differences in hardness values for them.
Thus, itis likely that the differences in the temperatures
3.4. Temperature profile make no significant microstructure changes.

Two curves indecating temperature variations with time

for thh the top .Surfa.ce ?‘nd bottom of the Iaser_smterquB LE Il Hardness of top surface and bottom (HRB)
specimen are givenin Fig. 7. As can be seen, each curve

is characterized by a typical thermal cycle. The thermal 1 2 3 4

cycle consists of heating and cooling, and the former . 9.0 - 50
; ; : ; op sur. . . . .

of which is accomplished in less than 70 s. The curve%Ottom 36.8 392 382 377

show a maximum temperature value of 9&0for the
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3.5. Diffusion of Cu and Sn during along the gaps between the graphite and the other par-
laser sintering ticles and form some solidified structures around the
In order to investigate composition distribution in the graphite on cooling. Itis likely that the graphite closely
laser-sintered specimen, a diffusion couple consistingissociated with the solidified structures may be well
of Cu and Sn was employed to simulate diffusion be-combined with the matrix. On the other hand, the melt
tween Cu and Sn (see Fig. 8). After the diffusion cou-may leave pores during laser sintering and this can pro-
ple was irradiation for 10 s, the compositions of whichvide chances for Cu and graphite particles to be rear-
in various positions were detected by EDS. Curves irranged, resulting in the densitized materials. The solid
Fig. 9 show Cu and Sn content variations with distancestate diffusion may also occur prior to melting, but main
and the interface of the original Cu and Sn regions iglensification mechanism for the GCLS is liquid sinter-
marked with number 6 (see Fig. 8). Itis clear that thereng. In this case, solid state diffusion, evaporation as
is a drastic increase in Cu in the original Sn region, bewell as condensation are all possible phenomena. As
ing up to 50%. In contrast, Sn in the original Cu regionmeasured by the X-ray diffractometer, the laser sin-
is relatively less. This indicates that Cu atoms diffusetered structures contained many intermetallics/phases.
into Sn rapidly. The transformed products on heatingSome of them are calculated to beCu, Cug1Sng(5)
and cooling are very complex, but Sn melting must haveCusSrs(n) and CiaSnee).
occurred due to its lower melting point and a high sin-
tering temperature. Consequently, the melts can flowy. Conclusion

Cu-Sn-C system P/M alloys were successfully fabri-
cated by the GCLS. The laser sintering was character-
ized by a thermal cycle, allowing relatively high sin-
tering temperature. Specimen with a size o100 x
55 mm can be penetratively sintered. The laser-sintered
specimens included many intermetallics/phases such
asa-Cu, Cw1Srg(8), CusSns(n) and CySnee), which
were homogeneously distributed. In comparison with
the conventional sintering, the laser sintering produced
the better properties to the laser-sintered specimen.
The wear resistance of the laser-sintered specimen is
very good. A maximum impact toughness value of
11.7 J/crd was achieved. Cu diffusion in Sn was very
fast. The enhanced density for the laser-sintered speci-
mens is attributed to the liquid phase sintering mecha-
nism, resulting from high temperatures. The factthat the
Original Cu region and Sn are labeled with letter Cu and Sn, respectively; roperties such as.' the density, hardne_ss, Impact tQUQh_
Short arrows in photograph are representative of points to be measure{/€SS and wear resistance of the Iaser—_smtered_ specmens
were much better than those conventionally sintered in-
dicates that GCLS is a potential process for the sintering

Figure 8 SEM photograph, which shows a Cu and Sn diffusion couple.

100 @ of P/M parts and could be applied in the field of Rapid
- i _o-Cu Prototping or P/M.
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