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Fig 1. Schematic representation of the relationship be-
tween the coefficient of friction and wear resistance
of pairs of different materials (2)

Table 1. Mechanical Data from Literature

Sl';N4 Algo_';

Toughness, MPa*m? 14-6 2-6
Hardness, GPa 13-17 11-22
Elastic Modulus, GPa 290-333 340-410
Density 3.1-34 3.8-3.9

Wear coefficient

(K=H-V/F-S)

Ambient 107°-10 % 107%-10°°

Humid air 1071074 1077-10 ¢

Lubricated 1077-102
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Fig. 2. Wear diagram for two kinds of silicon nitride
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Fig. 3. Wear constant of hot pressed Si;N, sliding on
hot pressed Si,N, (unlubricated) in air and argon as
a function of relative humidity and in water (6)
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Fig. 4. Friction and wear of silicon nitride ceramics
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Fig. 5. Friction and wear of alumina ceramics (7)

LA R AT Sl S 0 ygaed e 3
”}%bﬂ o8-8 F+= 7L tribochemical &3}
aledl Alges vpRe] 9 dyhFoer 1
2 Eojo} e}

At s 48 B Bl ¥ &
gareoll A9 spEASTE vy Fol AAA
S-go FA7} qlek Alghe 2] AbHe #8
Ae otz Muts A & Aeely H 1A
2y fof gl 34 {3l g A7 = ASEHIL
slct. Fig. 62 1% S48 913 A3l oil3} 4
B zkE Aebeso)] dig HE2EHe| Frtel
o3 A RS Jepdci12]. FA v
=2 Joad bearing capacity® H.oJFH silicon
nitride = silicon carbide®] 7% oil boun-
dary lubricant?] 94&& & & 4 slrh

Fig. 7 alumina®] 7% &% vy A
o W vlRES vehd Zoz wEdAte

Journal of the KSLE

Chilled cast iron (scuffed at >1,000 My
8.10 \ ALDL 99%) et
]

SisN. thot pressed}

.05

Coelficient of Jriction
£

Pressureless-sinteced silicon carbide

ol
700 1,000 1,200 1.400 1,500
Face load, MP2

Test conditions:  Run agzinst 1020 steel J0W (2 DP} oil at 1,000 RPM and bearing loads
(Hertzian contact stresses).

Fig. 6. The coefficient of friction between 1020 steel
and various materials (12)

(Dry) (Lubricant)
100

‘\ Wear Rale Wear Rate
\ {mm3/m) (mm?3/m)
g0 Jo7 I
T
T 10 10
-4 . 10 10-8
(%] 10-%
107 10-¢ 1073
(a) (b)
1073 L L 10-2 It '

Normal Force (N)

Fig. 7. Contour map of (a) the unlubricated and (b)
the lubricated wear of alumina

e F ] 2L ATy 84
AE mild wearE el 7184 H(usable
region)e] HolAw dlFdut FEde AE
BojZc}, Fig 89 353 mluiydzd o
ulgg2] 3303 q) do]E|+ paraffin oil 3}l
4] alumina®} silicon nitride®] v}f2A%ES 3
Foll  F dEE elltl o] HA3= silicon
nitride®] 7% A3lE T&o| = vtEgo] ¥
o] 2= A% hydrodynamic ¢% &3& Ho|v
alumina®] 73-$-9 Z& £x Frle ©E F4
g HolE o)z ¢rer) v olE ¥ AF
74A19] paraffin oil 5] Alzhzd] W &8
Aol i kgl 77 AEY A @
c}.

2-4, N2 EAM

F2e Aeielas) b 2 33 39 shis
1500C o] 47kAle] meolA AW & slvhs
Roltt. o2l @ o)foll A T4 Aetelat



rhe BE 285 9% edAse viRebd 54 13

Log({Wear Rate) m=3/m
[ Y4 -6.0 -4 -0 ~30 -2 0

]

P R SR L

L

-0
7

—-52
14

- ui‘l‘lg“
il

iy

N

A

A
f re

.’,a;(}fenr Pate) mm3/m

1 [Togas
i
<, te
gy, e ’I
$o, s
=
% ]

(b)

Fig. 8. (a) Alumina wear map and silicone nitride (b)
wear map under paraffin oil lubrication

2

4

4

2K

2 3 A AFEe A FE
NE2 B F5& 21 gk olEY
A Ae e8] vhit wir EA 2
7t DA olch AF7HRA Y AHAN}E T
ANE ol vl Azt FAQAFS BT
v wiSdubgt A9E BoFx] Z3ba 3ol

Tomizawa[13] 5-& hot pressed silicon nit-
ride7]8]8] vlaAAIGE 800C 712 9] X o)A
A3 A3 dry argon} airel A& 0.8& A
dgor 718 LT 7] FolMde 650C
7hA= 028 FAEch 2 ojAbe] EExoAe=
thA] Z7lEE AL Buskgdch Gray[l4]E
partially stabilized zirconia(PSZ)/PSZ<} SizN,/

4 2 oo O
to

Mg0-2r0, / MgO-2r0, {ZN40)

-3
8 v
0’//50‘9/9’9"._9—9@.
‘o

-t ! i S T | J I FE IO S SR A |
22 400800 22 400800 22 400 800 22 400800 22 400 800 °C

Total volumetric wear coelficient

&, {0-1000 m}, mm? {Nm) ™}

ve00Ims™ velims™ ve03ms? valms'  yeIms!
(a)
1073 51066
A—u k" pin
F o-——0,0-1000 5. T = 800°C
r M
£ 0 A\
% E \
E; -7 b \‘~~°.__,'°, Transfer™"
o sl T = 400°C stick-slip
N
Q2 r
3 L
o
5 108
d -
= E
1077 st 111 e prad A NNl
1072 107! 10° 10!
Sliding velocity v, m s™'
(b)
»-E- Al;03/A1,0, (A 1999.7)
= = e,cweﬁ
E 1075 (<]
E o
E a
e 1w
=] a
s
x 10771
c
S
8
3 108
o
(%)
5
gt 0t t 1 1 LI S S | [ L
5 10 0030103 1 3Ims™* 00301031 Ims* 00301031 Ims™
T=22°C T=400°C T =800°C
{c)

Fig. 9. Coefficient of friction as function of sliding ve-
losity at different temperature for (a) MgO-ZrO,, (b)
reaction bonded SiC and (c¢) alumina couples (15)

SiCe] wpaA| 47} Ab2oll X 650C Z7}3tol u}
2} oF 0.2014 0.8 WHE oF 035904 0.75%
zZyz2b 2712 ¥tk Fig 95 MgO-Zr0,, rea-
ction bonded SiC, ALOz7|E]e] 2% ulE
vy upe Age] AdE vehd AHelci[15].
7zt Am F3] 2xrt SRt wel mlREo)

Vol. 9, No. 1, 1993



14 s

HA A F7hsle] AF2ol 4 800C 74 7}
719 vhEASE o 10008 ol4k ZFrbEle 1
ofFch 2 9He] o E AP AAE u|d AES
Hol=d o]#gh oM £& vhE vlw A
T Az 93 59 AEddAMe e &
Fe FL HU2E ANES 12 F-3A 9 Jhuks
Q73 o)23t AT E 1L o §3 Rul
&, k2w 8, o] 259 wby Fo] Aty

Hth 14, 16, 17].

2-5. QY9 OtET|T

ek A 5o TS sl e vhEr) e
o]#7} ¢-Adelrh o]#jt vlr )2 W3l A}
45 5o vAFE P FAdd, g
ol weh WA ok Bl dubyel
a8 wlRI|FE 2slaxl o AF
71X 9] AF-A3} A AW ¥ (plastic deformation),
FHA I A (brittle fracture) ¥ 38" A3 2be-
(chemical interation €-2 tribochemical effect)
Foll 213 wiry} F3 wiur|F2 24w
3le& HoFr)h Ricer o]#3 A5 A8
o wlAlTE & 7]¥(pore), AHgrain)
crackEo] AZAE-E doy|i o]Ed uwet
Rzl AAE Aelzhar Agkatadvi4]. 2.7
BollME AW o] doid 4= glETtell s
M =7l iy, Ao qE vl o3
SHA Q] AW Fe] dold 4 glg<] silicon
nitride, alumina A|#¢] x-ray diffraction %
AxE d@v)7 $A2 2Boifo{18,19].
Ao 93} vlR = Evans So] Alka) Iz'e-
ral crack 2@} o] HF<H(cracking)el] 23|
g7t doix W AS d3e20]. F as-
perity®] sHE3 wpAHol o8 cracke] YA
L o] 7o mp iR} Aol 7]edgtrh= 7o)
Zirconia, magnesium oxide %2 A}8-3 A& &
T3 whEe] <k} AHF] QA B Axel A
A S Halvks mdo] elAde] gleS XY
ok ob2-9] 3pebA Alsabg-g Fukshs nlRE
Stoll A ARdgk £9171v f84 So] vl

)

4

|

%S 71A vhEH wstel #d W A S
Rbeo 2 niel] 3 7)== Zlolr). o]egl
d& el A=kt

Journal of the KSLE

ojgh e Pl FE BYHOR doju]
urhe 43Ah8E Yo BHog do
=g AR FF R A clw x5 63,
9071 Soll weh sk vhes 7o} Wl
Hu, olojute} vlmgE WalA Weh opYs
A 2Nz ehusFol g oshe b
%) Faht AR Abgo] FHRe] we} vjolal
Zelek

3.4 £

o)gell M Azhe} 28] tribology £4& ol
stazt vl T, At &4 9 Sxe b2
vhE vhEe] e F ] AE B dotn
ek AEtelie AL W mEedMe] 14w
R OAE, e kA, WdAd §o %
54S 2 3 Wt 54 S= e gl
Als) ppsted Azbms 3 Sl olv] $4
=i glont, 1ol "oz I vl
LA vhe wha B2 Z[d A6 v]AA] dw
Al o] "ojxle 59 FAE ZIL Sl A
ghel ARz gro] A<l Fofdle] $-ge]
oA giek 22 e Asel] wis)
54 Holn nATE §9 Ao} Fo2 A
8o SA40] Bdd x)7} glenz o] Ropo
A ATE o2 EAE #HA=HL &4
of Bdld Zoirt Alzpejne] ZAA HdAe
AL Mehe) o} shabA £97], &84 ot
BEAEE olaiste] AapAel &8 o wiAE
Mtstal, 53] A #8AE Niske Ao
o Ao A BE &8-S H3 Fasioh
ol& #siA vi=, A& % FH o= et
A 7R odTE ¥k ey =
A= ofell i ko] BF3lr} o] Fofo
ZIETE ARE Fo)7) A% =7HH Ay
o of Idzte] #AF AT:Ho] glejof
shHAlct.

g2 #

1. D.E. Dechman, SM. Hsu and E.E. Klaus, NIST
SP 754, Vapor Phase Deposition Studies of Phos-



jo o]

10.

11

Wohw ¥E $82 A% SRS vhuvty 54 15

phate Esters on Metal and ceramic surfaces, 2
(1988).

. K. Zum, Gahr, Microstructure and Wear of Mate-

rials, Elsevier, p.460, N.Y., (1987).

. SM. Hsu, D.S. Lim, Y.S. Wang and R.G. Munro,

J. of the Soc. of Trib. and Lubr. Eng. 47(1), 49-54
(1991).

. RW. Rice, Ceramic Eng. and Sci,, Proceed, 6(7-8),

940-958 (1985).

. D.S. Lim, SXK. Pack and H. Moon, Wear Testing

of Advanced Materials, STP1167, 151-160 (1992).

. T.E. Fischer and H. Tomizawa, Wear, 105, 29-45

(1985).

. M. Kinoshita and M. Iwasa, 412%]”]< seminar,

[47]1e4, 17-23 (1992).

. T.E. Fischer, Scripta Met., 24, 833-838 (1990).
. R.S. Gates, SM. Hsu and E.E. Klaus, Tribology

Trans, 32, p.357 (1989).

H. Ishigaki, I. Kawaguchi, M. Iwasa and Y. Toibana,
Wear of Materials, 13-21 (1985).

J.L. Lauer and S.R. Dwyer, Tribology Trans, 34(4),

AL

12.

13.

14.

15.

16.

17.

18.

19.

20.

521-528 (1991).

Guide to Engineered Materials, Advanced Mate-
rials and Processes, p.87 (1990).

H. Tomizawa and T.E. Fischer, ASLE Trans, 30(1),
41-46 (1987).

S. Gary, Ceramic Eng. Sci. Proceed, 6(7-8), 965-974
(1985).

M. Woydt and K.-H. Habig, Tribology International,
22(2), 75-88 (1989).

JM. Perez, C.S. Ku and S.M. Hsu, SAE Tech. Se-
ries 910454, 1-9 (1991).

J. Lankford, W. Wei, J. of Mater, Sci., 22, 2069-2078
(1987).

0.0. Adewoye and T.F. Page, Wear, 70, 37-51q
(1981).

S.J. Cho, B.J. Hockey, B.R. Lawn and S.J. Bonnin-
son, J.Am. Cer. Soc., 72(7), 1249-52 (1989).

A.G. Evans; the Science of Ceramic Machining and
Surface Finishing, B.J. Hocky and R.W. Rice Ed.
NBS SP, 562 (1979).

sl =l e

il g

Bratislava, Slovakia August 26-29, 1993
Friction-Wear-Lubrication-Design

Micro-Tribology 93
7-8 September, 1993, Warsaw, Poland

XXth Leeds-Symposium on Tribology
7-10 September, 1993, France

21-23 September, 1993

1-3 October, 1993, Sofia, Bulgaria

21 Years of Materials Engineering

(Tribology, Lubricants and Lubrication)

Vth Internation Symposium INTERTRIBO ’93

16th International Congress on Tribology

Theory and Practice of Tribology, August 30-September 2, 1993, Budapest, Hungary

DISSIPATIVE PROCESSES IN TRIBOLOGY

The Univercity of Leeds Three Day Course on Engine Tribology

The First Balkan Conference on Tribology: BALKANTRIB '93

6-8 October, 1993, Univ. of Cape Town, South Africa
SYMPOSIUM '93: Porec, Croatia: 27-29 October, 1993

<

Vol 8, No. 1, 1993



