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Laser cladded AlCuFe + Sn quasicrystall ine
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Abstract : Al2Cu2Fe + Sn quasicrystalline (QC) composite coatings with different volume fractions of Sn , i. e. 12 % ,
20 % and 30 % , were prepared by laser cladding technique. The effect s of soft phase Sn and processing parameters
on the microst ructure , microhardness and f rictional behavior of the coatings were investigated. The result s show
that af ter laser cladding , i2phase existing in the powder is decomposed and element Sn react s with Cu , formingβ2
CuSn. The volume f raction of Sn addition has less obvious effect on the microst ructure , microhardness and f riction
performance than that of plasma sprayed coatings. The best performance in terms of microhardness and f riction 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 　INTROD UCTION

Research on quasicrystalline ( QC) materials
has demonst rated many desirable characteristics
such as high hardness[1 , 2 ] , oxidation and corrosion
resistance[ 3 ] , low t hermal , low elect rical conduc2
tivity and unusual optical p roperties[4 , 5 ] and plas2
ticity at elevated temperat ure[6 , 7 ] . The shortcom2
ing of quasicrystals generally manifest s it self as
ext reme brit tleness in bulk form. To reduce the
impact of t heir brit tle nature , quasicrystals have
been grown as t hick and t hin coatings. A modern
t ribological coating is an engineered surface system
t hat consist s of multiple layers and p hases[8 , 9 ] . In2
corporation of different f unctional component s al2
lows a coating system to have a combination of
p roperties t hat were p reviously considered mut ual2
ly exclusive , e. g. high hardness and high tough2
ness , or high toughness and low friction. Quasic2
rystals wit h low surface energy and high hardness
suggest t hem may have significant potential as t ri2
bological materials[10 12 ] . J ust t he same as ot her
brit tle materials , t he addition of a ductile p hase en2

ables significant improvement of t he f ract ure
toughness[13 , 14 ] . Therefore , p roduction of quasic2
rystalline composites , which takes f ull of the ad2
vantage of QC and avoids their major drawbacks ,
becomes a feasible way for t heir applications. Re2
sent st udies have demonst rated t hat the addition of
a ductile p hases such as FeAl and Sn in QC coat2
ings give approximately a t hreefold increase of t he
wear resistance[15 , 16 ] . Plasma spray is particularly
approp riate for p reparation of coatings containing a
high f raction of i2p hase , but the drawback of this
technique is t he inferior microst ruct ure feat ures
such as interlamellar and pores , int ra2 and inter2
splat microcracks and splat boundaries generally
observed in t he coatings. These features greatly
influence t he p hysical and mechanical p roper2
ties[17 , 18 ] . But t he techniques of laser remelted 2
plasma sprayed or laser cladded can eliminate these
defect s and become one potential technique to fab2
ricate composite coatings comp rised icosahedral
p hase wit h high wear resistance[19 , 20 ] . This work
was t hus undertaken with t he aim of identifying
t he role of a ductile p hase Sn and processing pa2
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rameters on t he room temperat ure t ribological be2
havior of laser cladded quasicrystalline composites
coatings. The wear performance of laser2remelted
plasma sprayed coatings was significantly improved
only for t he coating containing a high volume f rac2
tion of i2p hase.

2 　EXPERIMENTAL

Gas atomized Al2Cu2Fe based composite pow2
ders wit h different volume f raction ( 12 % , 20 % ,
30 % , respectively) of Sn were selected for deposi2
tion of QC composite coatings[ 14 ] . The powder size
of 38 60μm was selected and d24 mm ×10 mm
medium carbon steel (0. 45 %C , 0. 65 %Mn and
0. 2 %Si) discs were used as subst rates. A CW
YA G laser was employed for laser cladding experi2
ment s. Detailed descriptions of t he p rocessing con2
ditions used for the laser cladded coatings are given
in Table 1. A parameter Θ, defined as t he ratio of
laser power and scanning velocity , (Θ= P/ v) , was
used to evaluate influences of the p rocessing pa2
rameters on t he microst ruct ure and mechanical
p roperty. Spot diameter was 5 mm. Argon was
used as shielding gas. Five t racks were cladded on
t he subst rate side by side with an overlap ratio of
approximately 30 %.

A DM2400 micro2indenter was used for meas2
uring t he microhardness of t he coatings. Friction
and wear behavior of t he laser cladded QC compos2
ite coatings were investigated wit h a ball on disk
SRV friction and wear test machine under recip ro2
cating motion. Balls of 12. 7 mm in diameter , made
of GCr15 bearing steel (1 %C , 0. 3 %Mn and 1. 5 %
Cr) wit h hardness of Hv742 were used. The ap2
plied load , f requency and recip rocating st roke were
set as 10 N , 50 Hz and 0. 6 mm , respectively. All
test s were carried out at room temperat ure and un2
der non2lubrication conditions. X2ray diff raction
( XRD) and scanning elect ron microscope ( SEM )
with energy dispersive spect rometer ( EDX) analy2
sis system were employed for p hase identification ,
microst ruct ural characterization and composition
analysis of t he coatings.

3 　RESULTS AND DISCUSSION

3. 1 　XRD analysis
Fig. 1 shows t he XRD pat terns of Al2Cu2Fe +

20 %Sn atomized powders and coatings. In
Fig. 1 (a) , t he powders composed of the icosahe2
dral ( i) , Sn ( tet ragonal) andε22Al2 Cu3 ( hexagonal
approximant) p hases can be observed. After laser
p rocessing ( Fig. 1 ( b) ) , p hases in t he cladding lay2
ers were identified asβ2CuSn ,α2AlFe (Cu) wit h el2
emental p hase Sn. The Sn and CuSn content in t he
coatings varied wit h t he initial Sn content in t he
powder and the processing parameters , however
not st raightforward variation could be worked2out .
XRD result s suggested t hat i2p hase in t he powder
was decomposed , and part of t he elemental p hase
Sn reacted wit h Cu during laser cladding , forming
β2CuSn p hase. The micro st ruct ures were quite dif2
ferent f rom t hat of plasma sprayed coatings[15 ] , in
which Sn appeared as elemental p hase and there
was no significant change in t he volume f raction of
i2p hase before and af ter plasma spraying. The
difference in p hases resulted f rom t he different so2
lidification mechanisms of t hese two techniques.

Fig. 1 　XRD pat terns of Al2Cu2Fe/ Sn
composite powder and coatings with

20 %Sn (Cu Kα)

Table 1 　Processing parameters of laser cladding

Sample No. Material Laser power/ W Scanning velocity/ (mm ·s - 1 ) (Θ= P/ v) / (102 W ·s ·m - 1 )

1 AlCuFe + 12 %Sn 950 5 1. 9

2 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 f ully melted
and element s reacted wit h each ot her , causing new
p hases formation. While in plasma spraying , coat2
ings were formed by t he building2up of partially
liquefied droplet s flat ten wit h high cooling rates
onto a subst rate[17 , 18 ] . The relatively lower tem2
perat ures and high solidification rates p revent s the
decomposition of t he i2p hase and reaction of Sn.
The plasma sprayed coatings , t herefore , always
contain a high content of i2p hase.

3. 2 　Microhardness
The microhardness values for the five samples

were 337 , 357 , 383 , 354 and 357 Hv , respectively.
The existence of hard p hases such as β2CuSn
( Hv 600 800[21 ] ) and α2Al Fe ( Cu) ( Hv 775[ 22 ] )
formed during laser cladding together with the
lower defect content resulted in harder coatings in
comparison to plasma sp rayed coatings[15 ] . Fur2
t hermore , t he microhardness exhibited lit tle de2
pendency on t he Sn content . The microhardness of
t he plasma sprayed coatings was found to decrease
linearly wit h the Sn volume f raction f rom 376 to
147 Hv. In as2cast ingot s and plasma sp rayed coat2
ings , t he Sn existed as element p hase , t hus t he ad2
dition of 10 %Sn (sof t p hase) led to approximately
20 % reduction in microhardness. In cont rast , t he
variation of t he microhardness of laser cladded
coatings could be explained by t he formation of β2
CuSn ( hard p hase ) , owing to the lower cooling
rate. The microhardness of laser cladded coatings
is t hus dependent on t he processing conditions ,
and , for samples wit h t he same Sn content (No . 2 ,
3 and 4) , t he higher t he Θ value , t he harder the
coating.

3. 3 　Friction and wear test
The time2dependence of the f riction coefficient

of t he laser cladded coatings is shown in Fig. 2.
The Al2Cu2Fe + 20 % Sn composite and the laser
p rocessing wit h low scanning velocity gave satisfy2
ing f riction performance ( samples No . 2 and 3) .
But on t he whole , t he f riction coefficient remains
relatively stable and t he influence of Sn addition on
t he f riction coefficient is not significant . The f ric2
tional behavior of plasma sp rayed coatings showed
different result s. The Sn in plasma sprayed coat2
ings , existing as a ductile element p hase , led to
rising of f riction coefficient because of t he st rong
adhesion mechanism[15 ] . In laser cladded coatings ,
part of Sn existed in t he form ofβ2CuSn. Alt hough
t here was no i2p hase observed , t he dispersion of
hard p hasesβ2CuSn andα2AlFe (Cu) in t he coatings
resulted in the variation of t he coefficient of f ric2
tion. And for t heses five samples , t he hardest
coatings correspond to t he lowest f riction coeffi2
cient . The laser cladded coatings show more satis2

Fig. 2 　Variation of f riction coefficient of
laster cladded Al2Cu2Fe + Sn coatings

fying wear resistance as viewed f rom slightly lower
f riction coefficient s than that of the plasma sprayed
coatings wit h same Sn addition.

3. 4 　SEM and EDX analysis
The SEM images of t he wear scar of t he laser

cladded Al2Cu2Fe + 20 % Sn compo site coatings
(sample No . 3) and of t he counter ball are shown
in Fig. 3. The morp hology of t he wear scar of t he
coatings was obvious plastic flow. A thin layer
covered the surface of counter ball . The EDX ana2
lyses on t he wear scar and wear debris indicated
t hat the material of t ransfer layer mainly came
f rom t he coatings. These suggested t he wear
mechanism was adhesive wear. Fleury et al [12 ]

investigated t he t ribological behavior of t hermal2
sp rayed quasicrystalline layers. It was found t hat
t he t ransfer film on Cr2coated disc ( counterpart )
was formed during dry sliding f riction. Based on
t he above analysis , in t he p resent investigation ,
t he f riction system under dry sliding conditions has
evolved f rom quasicrystal against t he hardened
GCr15 steel disc into quasicrystal has much higher
hardness compared to t he plasma sprayed coatings.
The ot her evidence t hat the wear resistance of
plasma sprayed coating higher t han t hat of t he
laser cladded one is t hat t he widt h , height of t he
wear scar of laser cladding sample is smaller than
t hat of t he plasma sprayed coating wit h same Sn
addition (t he test time are bot h 500 s) , indicating
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t hat t he wear resistance of laser cladded coatings is
bet ter t han t hat of t he plasma sprayed ones. For
samples No . 2 and 4 wit h 20 %Sn addition produced
by higher scanning velocity (not shown) , t he wear
damage of t he coating was more significant t han
t hat of sample No . 3. The surface t rack 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 t rack
morp hologies characterized by deep plowing
grooves and plastic flow. The worn debris was
mainly composed of element s f rom t he coating , as
indicated by t he EDX analyses. The wear mecha2
nism of t he four more damaged samples was a
combination of plowing and adhesion p henomena.
It also can be observed t hat t he Al2Cu2Fe + 20 %Sn
composite and t he laser p rocessing wit h 3 mm/ s
exhibit s t he best f riction performance , based on
t he obvious reduction of worn degree of t he coat2
ing.

Fig. 3 　SEM micrograp hs of
wear scar of couples

(a) —Coating ; (b) —Counter ball

4 　CONCL USIONS

AlCuFe + Sn compo site coatings were p re2
pared by laser cladding. The microst ruct ure of la2
ser cladded coatings differed greatly f rom t hat of
plasma sprayed coatings. The initial i2p hase of t he
powder decomposed and a significantly high p ro2
portion of Cu reacted wit h element Sn during laser
cladding. Bot h Sn content and processing parame2
ters influenced the t ribological behavior of t he
coatings. The major wear mechanism was identi2
fied as the adhesive wear caused by plastic flow.
The Al2Cu2Fe + 20 %Sn composite coating prepared
under suitable p rocessing parameters exhibited t he
highest value of hardness and t he best f riction per2
formance. The t ribological behavior of laser clad2
ded coatings is bet ter t han that of t he plasma
sprayed coatings.
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