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Abstract: AFCuwFe+ Sn quasicrystalline( QC) composite coatings with different volume fractions of Sn, i.e. 12%,

20% and 30% , were prepared by laser cladding technique. The effects of soft phase Sn and processing parameters

on the microstructure, microhardness and frictional behavior of the coatings were investigated. The results show

that after laser cladding, i-phase existing in the powder is decomposed and element Sn reacts with Cu, forming B

CuSn. The volume fraction of Sn addition has less obvious effect on the microstructure, microhardness and friction

performance than that of plasma sprayed coatings. The best performance in terms of microhardness and friction are

obtained for the coating containing 20% Sn additions prepared with the laser power of 950 W and scanning velocity

of 3 mm/s.
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1 INTRODUCTION

Research on quasicrystalline ( QC) materials
has demonstrated many desirable characteristics

2]

£ 1, . . .
such as high hardness'" *, oxidation and corrosion

Bl low thermal, low electrical conduc

resistance
tivity and unusual optical properties'® ' and plas-
ticity at elevated temperature'® ”. The shortcom-
ing of quasicrystals generally manifests itself as
extreme brittleness in bulk form. To reduce the
impact of their brittle nature, quasicrystals have
been grown as thick and thin coatings. A modern
tribological coating is an engineered surface system
that consists of multiple layers and phases'® *. In-
corporation of different functional components al-
lows a coating system to have a combination of
properties that were previously considered mutual-
ly exclusive, e. g. high hardness and high tough-
ness, or high toughness and low friction. Quasic
rystals with low surface energy and high hardness
suggest them may have significant potential as tri-

[10712]

bological materials Just the same as other

brittle materials, the addition of a ductile phase en-

ables significant of the fracture

[13, 14]

improvement
toughness Therefore, production of quasic
rystalline composites, which takes full of the ad-
vantage of QC and avoids their major drawbacks,
becomes a feasible way for their applications. Re-
sent studies have demonstrated that the addition of
a ductile phases such as FeAl and Sn in QC coat-
ings give approximately a threefold increase of the
wear resistance!™ ', Plasma spray is particularly
appropriate for preparation of coatings containing a
high fraction of i-phase, but the drawback of this
technique is the inferior microstructure features
such as interlamellar and pores, intra- and inter
splat microcracks and splat boundaries generally
observed in the coatings. These features greatly
influence the physical and mechanical proper
ties'"” "', But the techniques of laser remelted -
plasma sprayed or laser cladded can eliminate these
defects and become one potential technique to fab-
ricate composite coatings comprised icosahedral
phase with high wear resistance'” *". This work
was thus undertaken with the aim of identifying

the role of a ductile phase Sn and processing pa-
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rameters on the room temperature tribological be-
havior of laser cladded quasicrystalline composites
coatings. The wear performance of laserremelted
plasma sprayed coatings was significantly improved
only for the coating containing a high volume frac
tion of i-phase.

2 EXPERIMENTAL

Gas atomized AFCu-Fe based composite pow-
ders with different volume fraction( 12%, 20%,
30%, respectively) of Sn were selected for deposi-
tion of QC composite coatings'. The powder size
of 38 7 60 Hm was selected and d24 mm X 10 mm
medium carbon steel (0.45%C, 0.65%Mn and
0.2% Si) discs were used as substrates. A CW
YAG laser was employed for laser cladding experi-
ments. Detailed descriptions of the processing con-
ditions used for the laser cladded coatings are given
in Table 1. A parameter ©, defined as the ratio of
laser power and scanning velocity, ( €= P/v), was
used to evaluate influences of the processing pa-
rameters on the microstructure and mechanical
property. Spot diameter was 5 mm. Argon was
used as shielding gas. Five tracks were cladded on
the substrate side by side with an overlap ratio of
approximately 30% .

A DM-400 micro-indenter was used for meas-
uring the microhardness of the coatings. Friction
and wear behavior of the laser cladded QC compos-
ite coatings were investigated with a ball on disk
SRV friction and wear test machine under recipro-
cating motion. Balls of 12. 7 mm in diameter, made
of GCrl15 bearing steel(1% C, 0.3% Mn and 1. 5%
Cr) with hardness of Hv742 were used. The ap-
plied load, frequency and reciprocating stroke were
set as 10N, 50 Hz and 0. 6 mm, respectively. All
tests were carried out at room temperature and un-
der nomlubrication conditions. X-ray diffraction
(XRD) and scanning electron microscope ( SEM )
with energy dispersive spectrometer( EDX) analy-
sis system were employed for phase identification,
microstructural characterization and composition
analysis of the coatings.

3 RESULTS AND DISCUSSION

3.1 XRD analysis

Fig. 1 shows the XRD patterns of AFCuFe+
20% Sn
Fig. 1(a), the powders composed of the icosahe
dral(i), Sn(tetragonal) and &-Al2Cus( hexagonal
approximant) phases can be observed. After laser
processing( Fig. 1(b)), phases in the cladding lay-
ers were identified as BCuSn, ¢ AlFe(Cu) with el

emental phase Sn. The Sn and CuSn content in the

atomized powders and coatings. In

coatings varied with the initial Sn content in the
powder and the processing parameters, however
not straightforward variation could be worked-out.
XRD results suggested that i-phase in the powder
was decomposed, and part of the elemental phase
Sn reacted with Cu during laser cladding, forming
B CuSn phase. The microstructures were quite dif-
ferent from that of plasma sprayed coatings'”', in
which Sn appeared as elemental phase and there
was no significant change in the volume fraction of
i-phase before and after plasma spraying. The
difference in phases resulted from the different so-
lidification mechanisms of these two techniques.
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Fig. 1 XRD patterns of AFCu-Fe/Sn
composite powder and coatings with

20% Sn( Cu Ka)

Table 1 Processing parameters of laser cladding

Sample No. M aterial Laser power/ W Scanning velocity/ (mm * s™') (€= P/v)/(10°W * s * m™ ')
1 AlCuFe+ 12% Sn 950 5 1.9
y AlCuFe+ 20% Sn 950 5 1.9
3 AlCuFe+ 20% Sn 950 3 3.17
4 AlCuFe+ 20% Sn 1 400 10 1.4
5 AlCuFe+ 30% Sn 1 400 10 1.4
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During laser cladding, particles were fully melted
and elements reacted with each other, causing new
phases formation. While in plasma spraying, coat-
ings were formed by the building-up of partially
liquefied droplets flatten with high cooling rates

U7 The relatively lower tem-

onto a substrate
peratures and high solidification rates prevents the
decomposition of the i-phase and reaction of Sn.
The plasma sprayed coatings, therefore, always

contain a high content of i-phase.

3.2 Microhardness

The microhardness values for the five samples
were 337, 357, 383, 354 and 357Hv, respectively.
The existence of hard phases such as BCuSn
(Hv 600~ 800*") and aAlFe( Cu) (Hv 775%")
formed during laser cladding together with the
lower defect content resulted in harder coatings in

51 Fur-

comparison to plasma sprayed coatings
thermore, the microhardness exhibited little de-
pendency on the Sn content. The microhardness of
the plasma sprayed coatings was found to decrease
linearly with the Sn volume fraction from 376 to
147 Hv. In as-cast ingots and plasma sprayed coat-
ings, the Sn existed as element phase, thus the ad-
dition of 10% Sn (soft phase) led to approximately
20% reduction in microhardness. In contrast, the
variation of the microhardness of laser cladded
coatings could be explained by the formation of B
CuSn ( hard phase), owing to the lower cooling
rate. The microhardness of laser cladded coatings
is thus dependent on the processing conditions,
and, for samples with the same Sn content(No. 2,
3 and 4), the higher the ® value, the harder the

coating.

3.3 Friction and wear test

The time-dependence of the friction coefficient
of the laser cladded coatings is shown in Fig. 2.
The AFCu-Fe+ 20% Sn composite and the laser
processing with low scanning velocity gave satisfy-
ing friction performance ( samples No. 2 and 3).
But on the whole, the friction coefficient remains
relatively stable and the influence of Sn addition on
the friction coefficient is not significant. The fric-
tional behavior of plasma sprayed coatings showed
different results. The Sn in plasma sprayed coat-
ings, existing as a ductile element phase, led to
rising of friction coefficient because of the strong
adhesion mechanism'" . In laser cladded coatings,
part of Sn existed in the form of B CuSn. Although
there was no i-phase observed, the dispersion of
hard phases B CuSn and @ AlFe( Cu) in the coatings
resulted in the variation of the coefficient of fric-
tion. And for theses five samples, the hardest
coatings correspond to the lowest friction coeffr
cient. The laser cladded coatings show more satis-
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Fig. 2 Variation of friction coefficient of
laster cladded AFCu-Fe+ Sn coatings

fying wear resistance as viewed from slightly lower
friction coefficients than that of the plasma sprayed
coatings with same Sn addition.

3.4 SEM and EDX analysis

The SEM images of the wear scar of the laser
cladded AFCu-Fe + 20% Sn composite coatings
(sample No. 3) and of the counter ball are shown
in Fig. 3. The morphology of the wear scar of the
coatings was obvious plastic flow. A thin layer
covered the surface of counter ball. The EDX ana-
lyses on the wear scar and wear debris indicated
that the material of transfer layer mainly came

from the coatings. These suggested the wear

5 . 12
mechanism was adhesive wear. (12

Fleury et al
investigated the tribological behavior of thermalk
sprayed quasicrystalline layers. It was found that
the transfer film on Crcoated disc( counterpart)
was formed during dry sliding friction. Based on
the above analysis, in the present investigation,
the friction system under dry sliding conditions has
evolved from quasicrystal against the hardened
GCrl5 steel disc into quasicrystal has much higher
hardness compared to the plasma sprayed coatings.
The other evidence that the wear resistance of
plasma sprayed coating higher than that of the
laser cladded one is that the width, height of the
wear scar of laser cladding sample is smaller than
that of the plasma sprayed coating with same Sn
addition( the test time are both 500 s), indicating
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that the wear resistance of laser cladded coatings is
better than that of the plasma sprayed ones. For
samples No. 2 and 4 with 20% Sn addition produced
by higher scanning velocity(not shown), the wear
damage of the coating was more significant than
that of sample No. 3. The surface track exhibited
narrow and shallow plowing grooves and plastic
flow. The more pronounced wear damage was
observed for samples No. 1 and 5 with 12% and
30% Sn, respectively, which exhibited wear track
morphologies characterized by deep plowing
grooves and plastic flow. The worn debris was
mainly composed of elements from the coating, as
indicated by the EDX analyses. The wear mecha-
nism of the four more damaged samples was a
combination of plowing and adhesion phenomena.
It also can be observed that the AFCu-Fe+ 20 % Sn
composite and the laser processing with 3 mm/s
exhibits the best friction performance, based on
the obvious reduction of worn degree of the coat-
ing.

Lt
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Fig.3 SEM micrographs of

wear scar of couples
(a) —Coating; (b) —Counter ball

4 CONCLUSIONS

AlCuFe + Sn composite coatings were pre
pared by laser cladding. The microstructure of la-
ser cladded coatings differed greatly from that of
plasma sprayed coatings. The initial i-phase of the
powder decomposed and a significantly high pro-
portion of Cu reacted with element Sn during laser
cladding. Both Sn content and processing parame
ters influenced the tribological behavior of the
coatings. The major wear mechanism was identi
fied as the adhesive wear caused by plastic flow.
The AFCu-Fe+ 20% Sn composite coating prepared
under suitable processing parameters exhibited the
highest value of hardness and the best friction per-
formance. The tribological behavior of laser clad-
ded coatings is better than that of the plasma
sprayed coatings.
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