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Abstract

The experimental study has been performed (o deposit chromia powder on magnesium
alloy for tribological and mechanical properties. The optimal condition was obtained by
changing the spray condition such as working distance and gun power. As ceramics was
coated onto the a lght metal such as Mg according to the weight reduction of the car en-
gine block, it could acquire that the engine efficiency due to the weight reductien and prop-
erties such as resistance to heatf, as well as wear. Coating qualities are discussed with respe-
¢t to hardness, tribologicalproperty, and microstructure. The tribological and mechanical
properties are investigated by using the reciprocal configuration triboreter and microhardne-
ss tester. Wear mode is determined by observing the SEM morphology of wear track and
cross section view of wear track

1. INTRODUCTION

Plasma spray technology has been utilized
by many coating manufacturers and is regard-
ed as one of the most universal coating tech-
niques. Plasma sprayed coatings are widely

used in a large number of aircraff engine

components, for such application as thermal
barrier, abradable seal and wear applications.”
Chrome-oxide coatings are among the category
of coatings used for wear application to pre-
tect surfaces from severe wear environments,
such as, abrasion, adhesion, fretting, and parti-

cle ercsion. The combination of optimized plas-
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ma deposition parameters coupled with the
unique properties of C:0: material can produce
extremely corrcsion and wear resistant coat-
ings. The work conditions t¢ which technologi-
cal equipment is submitted leads to the use of
materials with specific characteristics, for ex-
ample, good wear resistance to high tempera-
ture. The aim of this work is to observe the
friction and wear behaviour of plasma C.0s
coatings, uhder the unlubricated sliding condi-
tions against alumina ball. Plasma spray con-
dition was varied as spray distance and gun
power. The friction and wear volume of the
different testing pairs were evaluated. Finally,
the wear mode is discussed by analyzing the
worn surface analysis.

2. EXPERIMENTAL PROCEDURE

The C,05 ceramic coating which has a avera-
ge size, —45x15mm, irregular shape was plas-
ma sprayed onto AZ91D Mg substrate. An
average coating thickness is about 200mm. And
the substrates were grit blasted with alumina
grit (80mesh) to increase adhesion of molten
particle as well as to eliminate surface impuri-
ties. Also, the substrate was pre-heated at
about 120°C before spraying for the purpose
of reducing thermal shock which was caused
between hot molten particle and cooled sub-
strate in contact. Then, the value of this study
were varied by working distance and gun
power tc acquire optimal condition of the
sprayed laver. Table 1 shows the projection
parameters.

The tribometer used at room temperature

was PLINT high frequency friction machine

Table 1. Rasma soraying parameters

Arc gas Argon

Gz.is flow rale(l/ 70/50

min)

Spray rate{g/min) 35

Powder carrier gas Hydrogen
Are power 32.5, 35, 375
Spraying  distance 579

{cm) :

Thickness (zm) = 200

which has ball-on-plate reciprocal type config-
uration. The alumina balls of 1/2" in diameter
were used. The applied load was 10N. The
sliding speed was 1Hz' And the sliding dista-
nce was 122mm. The frictional coefficients
were calculated as the ratic of the recorded
friction force to the normal load. Wear volume
was measured using a surface profilometer by
multiplying the cross-sectional area and the
sliding groove length. The microhardness test-
ings were performed, using the ZWICK micto
vickers hardness tester. The indentation lead
and holding time were 1kgf, 15 seconds, respe-
ctively. To reveal the wear mode of the coat-
ing layers, scanning electron microscopy was
used to observe the coating surface and the

worn track of the specimens after wear tests.

3. RESULTS AND DISCUSSION

Figure 1 shows the variation of hardness of
coating layers and wear volume as a function
of distance. The hardness has maximurn value
at the working distance of 70mm and also wear
volume has minimum value at 70mm. Figure 2
shows the variation of hardness and wear vol-
ume as a function of gun power at 70mm. The

spray parameters change the microstructures,
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which wvary the hardness and wear volume.
The mollen particles are heated by plasma
flame and transported onto the cool substrate.
This solidification phenomena cause variations
in deposition temperature depending on plasma
spray distance. When the spray distance is
short, the molten particles can be overheated
during colliding on the substrate® ®. Probably,

hardness has low value and wear volume re-

veals high values also. When the spray dista-

Varation of the wear volume ano hardnass

nce is long such as above 70mm, the flying
speed is dropped. When the particles are collid-
ed on the subsirate, the thermal and physical
energy s not sufficlent and maybe forms
pores. So, wear volume has very high value at
the working distance of ahove 70mm.

These subject coincident with the micrographs
of crogs section and wear ftracks. Figure 3
and 4 shows SEM image of before and after
wear test al various working distance and
gun power, respectively, Small debris particles
are more likely to be entrapped within the
wear tracks and to be agglomerated to form
compact wear protective layers and are benefi-
cial to the transition to mild wear.¥ Bowden
and Tabor proposed that when the asperities
of the sliding pairs contact, they undergo elas-
tic and plastic deformalion to accomodate the
applied stresses thereby increases the real con-
tact area”. Examination of the wear surface
with SEM revealed that even in the unscuffed
zones, significant pleatau regions were ob-
served on all coatings, which indicates plastie
deformation mode predorainantly. Coating with
lower porosily level and higher hardness value
exhibited beiter scuffing resistance. Therefore,
it may hypothesize that porosity can jmprove
the [racture resistance when small debris fills
into pores and play a role of solid lubricant.
In Figure 3{a), as it was seen the after wear
test, if gun power was low, physical energy is
not sufficient so bond strengsh between ceram-
ic layer and substrate was low. Therefore, it
happened adhesion wear. But, as seen at Fig-
ure 3¢}, if gun power was much high, molten
particle was overheated so it appear to splash

-splat onlo coated surface. The fractured area
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Fa.
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is highly larger, it has higher hardness and re-
sistance to wear than that of 32.5kw with
gun power. The above can be conformed in
Figure 4. Figure b. shows the comparison of
SEM image of the polished cross-sections of
the sprayed coatings micrographs as a func—
tion of the working distance as well as gun
power. The microstructures consist of the cu-
rred lamella, pores, embedded solidified parti-
cles, referred to as the ‘unmelt” for particle
along splat boundaries. Another important
issue addressed by these figures is that the
wear debris particle size is an important fac-
tor in the wear testings.

Figure 6 and 7 reveal the comparison of the
coefficients of friction of plasma spray coated
layers at wvarious working distance and gun

power, respectively. In these figures, most of

{1y}

3 SEM morphclogy of betars(A) and after (B) wear test at various working distance |
(b 70am

(e} ©0mm

wear was happered mainly at intial state of

weal by judging [rictional traces.

4. CONCLUSION

To establish of weight reduction of autcmo-
tive component, this study shows the proper-
ties of hardness and wear with the variation
working distance and gun power after coating
chromia onto magnesium alloy.

The main conclusions are made as follows.

1) When

power were 7em and 3Bkw, respectively, sur-

the working distance and gun
face hardness of chromia coated layer was su-
perior (o that of other coating conditions.

2) When

the working distance and gun



1497

ST () (¢}
sl o A

SEFERY

Pl

waar tesh al vanoos gun power

e coal SRR oepnooey o - : At of e working distance(A)



AZ9ID 4wl EEd 3RE Orlde Z1Ad o Wty 49 W34 Sepaet SAEE 55 405

2 it .2 12 2
18 oo 8 tu u{ 108
; L AL } E(.s 196
N % - lag B T1s [Fricton force | A #
2 {Fricti K
) = Q - a . -~
g g g R -
g i 'a"‘a"\""'-m 8 % jo0 \\\‘\”‘m ;
! i 1
‘ s Ene et 36 T éw} fs 3
a4 [Cout, of ¥riction 24 Sos P T las HIYS v, of fristion 3
02 {u 02 : 12 02 12
o 9 2 — 0
91 02 0F 04 05 08 47 08 09 1 01 02 €4 44 08 £ 67 0F OF G182 UF 04 03 08 07 03 09
iding ¢ Stiding timefhr) Stidng timelhe}

Fig. 8 Variation of the coefficient of friction of the plasma spray coated layer at various working dista-
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