( Evaluation of wear chracteristics for Al0Oz-40%TiQ, sprayed
on casting aluminum alloy)

Abstract

The wear hehaviors of AlO3-40%TiO, deposited on casting aluminum alloy(ASTM A356) by plasma
spray against SiC ball have been investigated experimentally. Friction and wear tests are carried
out at room temperature. The friction coefficient of AlLO3-40%TiO. coating is lower than that of pure
AlO; coating(APS). It is found that low friction correspond to low wear and high friction to high
wear in the experimental result. The thickness of ALO3-40°%TiO, coatings indicated the existence of
the optimal coating thickness. It is found that a voids and porosities of coating surface result in the
crack generated. As the tensile stresses In coating increased with the increased friction coefficient.
The columnar grain of coating will be fractured to achieve the critical stress. It is fournd that the
cohesive of splats and the porosity of surface play a role in wear characteristics. It is suggested
that the mismatch of thermal expansion of substrate and coating play an important role in wear
performance. Tensile and compressive under thermo-mechanical stress may be occurred by the
mismatch between thermal expansion of substrate and coating. This crack propagation above
interface is observed in SEM.

keywords: Plasma spray, Wear, Thermal expansion coefficient, Thermo-mechanical stresss, Residual
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Table 1 The plasma spraving parameters

for Hexa plasma

Parameter

ALO;-40%TiO»

Current {A]
Primary gas [/ min)
Secondary gas [/min]
Powder carrier gas [/mini
Powder mnlet position

Feed rate [g/min]

Stand - off distance [mm]

Traverse speed [mm/min]

500
250 (No)
100 (H)
13 (Ar)
internal

60

160

5000

Table 3 Mechanical properties  of
specimens
Vickers Thermal
hardness, expansion
GPa coefficient,C !
AbOs40% TiO: 8.50 7.0%10°
ASTM A3%6 0.93 17x10°
SiC 28
NEdzos ZAsAt TRETH
50N 2 100N¢ 33 Olm-s 'o &
2 dgstd. &9 EY(track)F 2 3
AL 10mmE 2YE sRen, FHEAH
7] 2R A (Mitutoyo Surf-500)8 A&
ate] wiE R I E A A
22 A1¥gd
AlQs, TiO: & 7Ztzte] I”HETL

(furnace)ell A & Y2tz &g+, &
F FaolAd 42 Aew 156~45umA
o] E#3% YAiHgrain shape)s 7HA Ut
60%(Al:03), 40%(TiONE FA3A &7
3te]  AlO3-40%TiO:9] +2& Fv]3 %
t}. Table 17 #& 279 &AHHexa
Plasma)st o™, &ALg H oM 4
24tk 5%l 715&S #elsty] st

Table 2 Chemical compositiontwt,% ) of

casting aluminum alloy

Chemical . . . .
Al Cu Si Ng /n  Fe NIn
clement

ASTN 95
A356 more

of HALEE 3

23l

e

AbE-%l

.Eg- RH "_C:._ o %_OLE— U] po—

T =S =
s ASTM  A3s6elw, shatazige
Table 29][' Q‘E}“ )\] '5‘:} f{i _% 1 j\}_ = 49,"5}031

qd % ans 2A sa, duA g
#600Cw, #800Cw, #1000Cw, #1500Cw %
#22000Cw o2 B8 E3x Huzxgs
lgmRmax® Avtsldch ZE Alg#H <
hEHFe] FHzxRE FALS

8mm=Z 3] Hlwrt H £ AEE 49
ot AlEHe ¥ AV)e Figo 1o W
b wie} o] ERAEHES AH
30mm, 7 10mme] ¢

2P H NGB 2EE ¥ A3 95t
M=ol X #60, ltzﬁ’:}a 3.06kPa, =&
217 10mm, AEL AlLOsE HEEBEgQAE
(sand blasting)& 3l¥ ¢k ol EAZ®
¥ 30pgmRmax® FAHJY. ZVF #
wWeol A7) F(open pore) M AE 8t
of| % x4 & (epoxy sealing)g dgow, =
B2 EdHo A% 0lgmRmax® dAut
(polishing) st %4

o

Fig. 1 Schematic illustration of ball on disk
type wear test



Fig. 2 Microstructure of AlOz-
coating

40%TiO;

Fig. 2= #A}Fde Ayl HAE B
ola AT wFF LFEUUYE SAT T
Z9E= 2 84 7}

4& 7HA ™M, TiO.o #H
ERAY #A9xE
2 o1t hole's
pattern? Z¥-2 vlAzz o2 Fig. 39
ety glth columnar grain®] X el
FARo 2 HASA 51“4, T3k EARF o
Ztap Aol A A E FHOZ Qe ¢
| AEEA _E}(u.

ARNYHL Fig. 13 Zo] Jdixo=
vldol x| e o] 127mme] 3

3

[=]
2 Aste] ~z

g7

ZRH Yo

Al

il

| | Load . SON
A t= §0um

® t=100m hd
2 ® t=130um

Wear volume, mm?

N
I

2 4 & 8 10
Number of cycles, x10¢

Fig. 4 Variation of wear volume for Al:QOs-
409 T10> coating under 50N
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Fig. 3 SEM photograph of hole’'s pattern
in coating
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Fig. 5 Variation of wear volume for
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Fig. 6 Variation of wear rate for ALO;-40%
Ti0»
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Fig. 7 SEM photograph of worn surface in

wear track
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Fig. 9 SEM
initiation in wear track

photograph  of crack
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Fig. 10 SEM photograph of scratch test

failure

Contact
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Fig. 11 Schmatic illustration of wear
process
(a) cracking in subsurface
(b) crack propagation by thermo-
mechanical stress



% olo

o
[w
-
o
S
o ©
>
>
£
4z
rlo 2 0
2
L
e
2o o 0
My @i ¥ £ oN o ot ot mY 2 o B 4 |-

_
Lo

joicd

[

=
ot MR 4

ol
=
°
1o
iIh)
g\_l
ST
ol
o of\
o
o
lo
HIng
o o
o 2

b

g %
Wil &

o )
e v
o, U
R
o,
B
o
2
~

0!
WAy o

T
oo

lo

3 @agAs 293
#g n2sd Fig 1
dehd s gtk o)A
WRGEIFEHO

5]
dof AujE we

>_
::L
o e
T 2
¢
2
o
rir

rlo
Ry
U

°
d
-

(N R
20N

1

1,

2

fru
)
X
flo
ins

fo m v rot -y

off 1
=l
a

O ol o MU R ol

©
o

o
Yo
)

4 A
S

i

o — i
- t? Moo o ol
ng
c>.,_’.ml
i R

! 3
o x
o 2

oX 2
&= o
A s :E
'—}g’ ol mg olo
oy
fiieh

5l
[o]
N
%,
ko
in
N
X
-,
o9
===
o
ok
»
L

BB

e
in
2

Ul
iRy
rhu

B At F28 Fvw®s ASTM
A35691 9] ALOs- 40%TiO: &AHE2 3%
oAuetr etdgel F7HE Boln, 299

Fig. 12 SEM photograph of crack propaga-

tion by thermo-mechanical stress

do

ot
2

O

20

ol

4

3

r o

Row, FFIONZHAM=
300mel ZRFA HEW Aoz ve
goh @R shEe A48F FRAY

AxtviEo) F8 vl Tolgi

(
2l

ch
%

al

ju!

—

Nicoll A. R. 1990, "Plasma Spraying
Materials, Applications and Systems for
Industrial Coatings,” Meeting H. School
Technike, Gijon, Spain, November,

2. Cuetos J. M., Fernandez E. Vijande R.,
1993, "Plasma-spraved coating treated
with lasers: tribological behaviour of
Cr:03," Wear, 169, pp. 173-179.

3. Fernandez J. E., Rodriguez R., Wang Y.,
Vijande R., Rincon A. 1995, "Sliding
wear of a plasma-sprayed AlO; coating,”
Wear, 181-183, pp. 417-425.

4, Wang Y., Jin Y., Wen S, 1983, "The
analysis of the friction and wear
mechanisms of plasma-sprayed coating at
450°C," Wear, 128, pp.267-276.

5 Wang Y., Jin Y, Wen S. 1988, "The
analysis of the chemical structure and
properties of ceramic surface films in
friction using SEM, AES and
Micro-region X-ray diffraction,” Wear,
128, pp.277-290.

6. Wang Y., Jin Y., Wen S. 1989, "The

~ 189~



inspection of  sliding surface  and
subsurface of plasma-sprayed using
scanning acoustic microscopy,” Wear,

134, pp. 399-411.

7. Wei J., Xue Q., 1993, "Effects of additives
on friction and wear behaviour of Cr:QO;
coating,” Wear, 160, pp. 61-65.

8. Vijande-Diaz R., Belzunce ].,, Fernandez
E., Rincon A, Perez M. C., 1991, "Wear
and microstructure in fine ceramic
coatings,” Wear, 148, pp. 331-233.

9. Bull A. J, Kingswell R., Scott K. T,
1996, "The sliding wear of
spraved alumina,” Surface and Coating
Technology, 82, pp. 218-225.

10 D.S.Rickerby and P.J.Burnett, "Correlation
of process and system parameters with
structure and properties of physically
vapour-deposited hard coating”, Thin
Solid Films, 157 (1988) 195-222.

11 K. J. Niemi, P. M. J. Vuworisto and T.A.
Mantyla, "Properties of alumina based
coating deposited by -plasma and high
velocity combustion processes”, Proc. 5th
National Thermal Spray Conf, Thermal
Spray Research and Applications, ASM
International, Anaheim, CA, 1993, p.469
-473.

12 R. Vijande, J. Belzunce, E. Fernandez, A.
Rincon and M.C.Perez, "Wear and
microstructure in fine ceramic coatings”
Wear, 148 (1991) 221-233.

13 S.Safai, "A microstructural investigation
of plasma spraved metal and oxide
coatings”, Doctoral Thesis, State
University of New York, Stone Brook,
Mayv 1979.

14 G. Barbezat, A. R. Nicol, Y. S. Jin,
Y.Wang and X.Y.Sheng, "Abrasive wear
performance of Cr:Co-25%NiCr coatings
by plasma sprav and CD$S detonation
sprav”, Tribology transactions, 35 (1995)
4, 845-850.

15 R. McPherson, "A review of micro-
structure and properties of plasma
spraved ceramic coatings”, Surface and
Coating Technology, 39/40 (1989) 173
-181.

16 R.Nicoll, "Plasma Spraying: Matreisls,
Applications and Svstems for Industrial

plasma

i

Coatings”, Meeting H. School Technike,
Gijon, Spain, November, 1990.

17 S. A. G. Oliveira and A. F. Bower, "An
analysis of fracture and delamination in
thin coatings subjected to contact
loading”, Wear, 195 (1996) 15-32.

18 P. K. Gupta and ]J. A. Walowit, "Contact
stress between an elastic cylinder and
layered elastic sohd”, ASME J. Lubr.
Technol. 94 (1974) 250-237.

19 J. MULeroy and B. Villechaise, "Stress

determination in elastic coating and
substrate  under both  normal and
tangential loads”, in D.Dowson, C.M.

Tavlor and M. Godet(eds.), Mechanics of
Coatings, Elsevier, New York, 1990, pp.
195-201.

- 190~



