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Tribology in Ceramics

Yoshiyuki Mizutani, Yoshio Shimura, Yoshiaki Yahagi, Shigeru Hotta
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Abstract

Tribological properties of ceramics such as Si;N,, SiC,
Al,O; and ZrO, were investigated in various environments,
and surface modification by metallic coatings was made to
these ceramics in order to improve the wear resistance at
high temperatures. The results obtained are summarized as
follows.

The frictional coefficients of these ceramics at high
temperatures up to 1,00000 were found to be within a range
of 0.5 to 1.1, while the sliding pair of SiC/SiC showed a
low friction at the beginning of the test. The wear rate of
these ceramics except Al,O; increased to an order of 10"

mm/(NOm) with increasing atmospheric temperature to

1,0000 .

In aqueous H,SO, solution, the wear rate of Si;N,
showed the maximum at a concentration around 20 wt[] of
H,SO,, resulting from the grain boundary corrosion. In
distilled water, very low friction corresponding to a
coefficient of 0.01 was realized with SiC and Si;N, after
"running-in", i.e., forming a very smooth surface. Similar
results were also obtained in organic solutions with functional
group such as alcohol and caprylic acid.

Appropriate metallic film coatings for individual ceramics
were found to remarkably reduce the wear rates at higher

temperatures.
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Table 1 Ceramics used for automotive engine parts”".

Ceramic materials Engine parts Objectives Car makers
Isuzu
Glow plug Make engine starting easy Mitsubishi
Nissan
Mazda
Hot plug Reduce idling noise generation Isuzu
Si,N, Increase output Toyota
Swirl chamber Reduce particulate generation in diesel engine| Mazda
Cam follower Improve wear & scuffing resistance Mitsubishi
Turbine of Nissan
Reduce turbo-lag
turbocharger Isuzu
Alminum titanate Port-liner Reduce exhaust emission & cooling loss Porsche
S'_OZ-AIZO3 flbe'r Piston ring carrier Improve wear & scuffing resistance Toyota
reinforced aluminum

Table 2  Engine parts expected to be replaced by ceramics"".

Systems

Parts to be replaced by ceramics

Ceramics

Valve train Cam
Cam follower, tappet

Engine valve, valve guide, valve seat SizN,

SiC, PSZ
Si;N,

Cylinder liner
Piston ring

Combustion chamber

Lower surface of cylinder head, piston head

Siy N, ,PSZ spraying
Siy N, ,PSZ spraying
SizN,

Exhaust port liner

Turbo-charger, turbine casing

PSZ spraying
lithium-aluminume-silicate

Piston pin Si;N,

Others Fuel injection nozzle SizN,
Apex seal FRC *1

Rotary engine Side housing Cr-carbide spraying
Reinforced aluminum rotor FRM *2

*1 Fiber Reinforced Ceramics
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*2 Fiber Reinforced Metal
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Table 3 Test materials.

Composition(wi%) analyzed by EPMA Substances Grain size | Suctice | Apparent
Materials roughness| density
identified by XRD| pm 7
Mg | Al |8 | Y la Fe|W |7z |m smRz | ghem?
siN, | = |19 ]33] 09 |01 0208 | = | = | 2-SiN.SiW [05~10] 003 33
sic == s = = <o = | =] = ]asic 5~10] 02 330
A, <0d|33fcon) = | == b= | = | = e-ALD 2 ~120| 005 389
zo, | = |02 |<01]38 |<00| = = 610 1L 03~5 | ol | 607

*1 Polytype ismainly 6§ * Mainly tetragonal structure.
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Fig.1  Relationships between Vickers hardness of ceramics Fig.3  Frictional curves of ceramics rubbed against themselves

and temperature. at 1,0000 .

Graphite-like carbon

After sliding at 850°C

Intensity (arbitrary unit)

Before sliding

Specimen holders

Heating coil

(=]

;) Load 1600 1400 1200
=~ ::I ‘Wave number (cm™')

o ’J Fig.4  Raman spectra of SiC surfaces before and after sliding at
Specimens f—-. o 8500 for 0J min.

Rotation

Heat insulating plates

Fig.2 Plate-on-plate type friction apparatus.

£
Table 4 Operating conditions of plate-on-plate-type tests. %
g
E
Applied load 40N S J/
5 \
Sliding velocity 0.2 m/s 10-¢ g | ! A
0 1000
Heating temperature | R.T. ~ 1,000 T (T)
Atmosphere Air Fig.5 Wear rate of ceramics as a function of testing
temperature.
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Fig.6 A rough surface of AD; formerly rubbed at 500 was
smoothed by the rubbing at 1,000
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Fig.7  Cross section through the surface of@lsliding

against SiC at 700 for 50 minutes.

O00O0OO0O0OO0R&DOODODODOVOL 27 No.2(1992.6)



16

00000 10 200000000000000
(Fig.8°°")000000000O000O0O0p 00.01
000000000000000000000000
00000000000000

obooboALo,0p 000C0O0COOODOOO0OOO
gboboooboobobbooboobOoooubdZeo,
OpbOobOoooogo.noo3noooooonogon
goobooobobooooooooobobooooooo

gogpobooboboooboo

0000000 (B -Zr(S0,),02H,0) 0000000
000000000000000000000000

00000000000000000000000
0oOo0O0O0O0O0O0O0O0O0O0O0O0O0O00O0O0O00C e
00o0O0oooo
00000000000000000000000
0000004INOODOOOOO0.13m/s00070000
000 6000000000000000O0000OO
O 3x 5 (00O0Omm)000000000000
@34x 50000000Table 30000000000
000000000000000000000000
000000 (000 )O007s50
0ooooo

ooo
000000000000000FRig.100 Fig.110
gooboooosi,NOooobooooooooo
gboooooooboooooboooooobooon
gooooooooooooooooboooooon
oooo0O00 (SEeM)OOO0OO0OO0OO0O0O0DOOOO0O
OOEPMAOOOO (FRig.12) 0000000000
goobooboybooooooboboboooo
gooboooooosi,NJooobooooooooo

Fig.oOOOoOOOOOOOOO
gooooooooooobooo

Hydrodynamic lubrication

Boundary lubrication

ooSi;N,Op OOooonood F Solid lubricants
goooboooooooboooo - Plastics
S
goolooooooOOonoOooODC § Ceramics
gooooooogogo.z2ooso E
Metals and alloys
gooosicupy 0DD00OD0OD0ODO
. Metals and alloys
goooooa SI3N4D gooad (very clean surfaces)
L 3 -~ 1 0 1
DD0000000000000 o 10T ot en 10
Coefficient of friction
OooSi;N, Oy ODO0onoocrC
FIg.8  Schematic diagram of frictional coefficient (portially modified
Tomizawa & Fischer( O O "0 O from Ref. 14 ).
H,S0, content
0.5
0 wt%
. N
é‘ 0.5 -
3 F’ E E L_\__ 20 wt%
E ol ] 1 . 1 N ] L. 1 . L . N ; L . N ' . " 3
E 0.5
E E E E\ 75 wt%
02 s 2 4 6 3 i 6 2 1%
SisNy/ SiaNy SiC/8iC Al,O3 / AlO4 PSZ/PSZ
Sliding time (h)

Fig.9 Frictional curves of ceramics rubbed in H,SO, solutions.
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Fig.12 Corrosion loss of yttrium (Y) in Si;N, subsurfaces as a
function of H,SO, content after immersing Si;N, in the
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Table 5 Viscosity of fluids used.

Distilled water | 0.9| Octyl amine | 1.7

Methyl alcohol| 0.4| Caprylic acid | 6.1

Butyl alcohol | 3.3| Octane 0.7

Octyl alcohol | 9.7
(mmé/s, 220)

Mineral oil 217

Table 6 Effects of metallic coating on wear reduction in
ceramics.

Cr |Mn| Fe | Co| Ni | Cu| Ag | Ni-Cr
Si;N, [C |A|A]A|/A|C|C| A
SiC A A|A| A|lB c| C A
Ap, A |A|A| A B|A|A|C
z0, | B C C c|CcC| A| C B

Rank A : The wear rate was lower than 3x 10”7 mg/mm, and very
little damage was observed on the sliding surfaces of
ceramics

Rank B : The wear rate was lower than 3x 10" ®mg/mm, and slight

damage was observed on the sliding surfaces of ceramics.

Rank C : The wear rate was higher than 3x 10" émg/mm, and large
damage was observed on the sliding surfaces of ceramics.
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