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Effects of Interface Boundary Strength on Wear and Wear
Transition during Sliding in Silicon Carbide Ceramics
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Abstract—The effects of interface boundary strength on wear and wear transition during sliding
have been investigated in silicon carbide ceramics. Three different microstructures, i.e., solid state
sintered silicon carbide, liquid phase sintered silicon carbide and liquid phase sintered silicon carbide
composite reinforced with TiB, particulates, were designed by hot pressing. Examinations of crack
patterns and fracture modes indicated that interface boundaries were relatively strong between silicon
carbide grains in the solid state sintered silicon carbide, intermediate in the liquid phase sintered sil-
icon carbide and weak between silicon carbide grains and TiB, particles in the composite. Wear data
and examinations of worn surfaces revealed that the wear behavior of these silicon carbide ceramics
could be significantly affected by the interface strength. In the solid state sintered silicon carbide, the
wear occurred by a grooving process. In the liquid phase sintered silicon carbide and composite, on
the other. hand, an abrupt transition in wear mechanism from initial grooving to grain pull-out pro-
cess occurred during the test. The transition occurred significantly earlier in the composite than in the
carbide.
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Fig. 1. Schematic illustration of wear transition mechanism observed by Cho et. al. (a) Dislocations are produced
during sliding at subsurface where shear stress is maximum. The dislocations induces stresses in grain boundaries.
(b) At a critical point, sufficiently augmented stresses by accumulated dislocations produce grain boundary crack. (c)
The grain boundary cracking immediately results in grain pull-out.
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Table 1. Relative density and mechanical properties of
various hot-pressed silicon carbide ceramics

Solidf Liquid phase Liquid phase
state sintered sinterred
SiC SiC SiC-TiB,
Relative Deasity 94.1 99.9 97.1
(%)
Vickers Hardness* 27 28 28
(GPa)
Flexural Strength ' 320 610 570
(MPa)
Fracture Toughness® 1.9 3.6 4.3
(MPa-m'?)

*Measured at 49N.

' Measured by four-bending with a fixture having 30 and
10 mm outer and inner spans, respectively.

*Measured by single-edge precracked beam (SEPB) method.
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Fig. 2. Cracks emanating from a corner of a Vickers
indentation in (a) solid state sintered, (b) liquid phase
sintered silicon carbides and (c¢) liquid phase sintered
SiC-TiB, composite.
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Fig. 3. Fracture patterns de a Vickers indentation
in (a) solid state sintered silicon carbide, (b) liquid
phase sintered silicon carbides and (c) liquid phase sint-
ered SiC-TiB, composite.
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Fig. 4. Plot of wear data for solid state sintered silicon
carbide. Change of log wear scar diameter as a func-
tion of log sliding time for different applied loads. Note
no change in slopes of wear curves, indicative of single
stage wear behavior.

Fig. 5. Microstructure of worn surface showing a sem-
icircular cone crack in solid state sintered silicon car-
bide (tested for 600 min under 360 N).
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Fig. 8. Microstructure of worn surface typically pro-
duced (a) before wear transition (tested for 12 min
under 80 N) and (b) after the transition (tested for 10
min under 120 N), in the SiC-TiB, composite.

o) oJold-g elAgtr). Fig. 8(a)2} 8(b)yi= vh=H
o] 7} dofipr] M ot Fo] Al viwxg
& 7zt wof Fr}. vhrzr|ol= Fig. 8(a)ellA] ®

ule} zle], mprzt 7 o] olojupx] ¢f=rl. Fig. 8(a)oﬂ
A okzke} QlzbEo] "EtEle] 9l3-& H 4 i) vt
Eﬁlfﬂ%}%l B Aol E o] EXE0| 47&?&
o3 v Rl & Ho] Fig 2(c)llA & 4 3l= 7
A7) o] —3“4—2—" Al & ddrtkahe Foll A= Aol

m‘ F_E. o

N

gl ®eleh zefuh, B wig 2 Akt A v
Fo] QA= Wl 2f3te] A& o 4 3l

£ odr

.uhe el A F-of =, Fig. 8(b)ellA B.i= wls} ko],
glapSoe] gate= dabel 9lste] whysl At
ol @A o) 7hatkae] Wsk2 e v ol 58 )
W3 Az}, o] ARl E vltRAHo= 5] Frhst
TE oA olrr}. w o] A B4 X semicircular
cone crack-& A} & 8)5ol| 4] WabE]R] oFgkcl.

Journal of the KSTLE

d - AE 2 A

e}, AAAAR A2 sslgtae} SiC-TiB,
23t g Alolell= AHulsk xfolAe] st 1AL

it del7b deofib= AlAel sislet. Fig. 63 Fig.
78 wimslE 2 A & 4 ol A 3he], dubA
© 3 vlrAe|: SiC-TiB, &l ZollA] &-3lF4ol
AR A olojydr) o F Fol 120N9] 3Fos
Al alelg o, B3t aell A= 7208 F1E AlgEt
AEE Zd diztx] st Aelrt deuix] wglt
(Fig. 6). o] A BN = o] 23 Ft Agstefof v}
B Hol7} dejdn] mcl oo} niste], SiC-TiB,
A mol e 22 sltEstollM =] oF 6352k A
3l S o) o]v] whx )7} defytti(Fig. 7).

4 & 9

W o] AupeFatoit sl v == glRMAte] o) Al
WAEE AAHo T Bo Fr) IAALAR A Fg &
shtAaol A Vickers Shj Al o 25 Wl
o] wlad Aoz Hubs s1(Fig. 2(2)), 3=
lusta)ofl o] ated dojdrt. I, Vickers A=
2] §iALEE HAAR| 2] Qo o] glol(Fig. 3(a). °]
AP EE B o] A RelAM 2 x7E AdZFEst v
WA F-& o|u|gte}. ubdo)), A AR A B3t
TadM e, ddeo] A o (Fig. 2(b)), o=+
Aol )5ke] alefubel, grelabEle) JAHEo]
goixd gleh(Fig. 3(b)). ol= 4AE Alde] w4
2 A Zg Bh3br ol v]3te] ofg-E 2fvigict SiC-
TiB, B3] Foll M=, WA 2 A 2g whgqfiol
Hl A, o] SiC 3jAke} TiB, A} Alele] A

< me} o] & Fg = o] glrh(Fig. 2(c)). o]+ SiC-TiB,
Bl Fol412] SiC iz}t TiB, A+ Abol 2] AH L
oS <ofkghg 2|vlghe}. SIC-TiB, 53l mela] Al
& Antdliz E5e AF9] §iAEe] HEEE AR
o] Azl AMALEI} Asirt= AE B F=
Aol

ntrdlele]l= vtR, 53| nfrAele| vlx|= AW
Ao} Qe wol Frh Fol YA AHowy
B §]A}So] Welx]= A o 28] nprHe]r} et
7] fale, HLAv g el WA sl FA5 =
$Hol, A7 SEst= A" AR HA
of qtr}. mAAAR A2 dsliolM e vhrA
o]7} edofutn] edsfr). o] = olRe ATt A



Rl Ak zeld vlmgiAe) sty @ st ole] vlA L AP 4 27

7] WZolvt. wtdol|, AL HR A z3F &t
SiC-TiB, B3l 8ollM & rte o]} dojyrt. o]
o] AFEoNM2] AH7twert vjawd Aok 7o 7]
algtc}. w, AAALZA R A x3) e piuoE SicC-
TiB, B3t gollA mtx o]} "4 oA dojydr}
o]7-& EitA gol|Ae] A} Er}t Bl
AR e b 2b7] wf-Folct.

B o pdshe AAAQ] delMk ol Fa3 9
15 7Ax1a ek Alzbe] Al Jell A ek flsle &
L A ARl g rA o gl vl
22 2Agch 2}7)743HGn sit) A SF2[6], 717)
3} wrEarA 78], A aA 3 Aeb s, oAt
J)2he] 2 %[9,10]0] L oo}, o] A gEellAe] AR
2 QS & AHphase)ite] o Y AAl=lo] ol o))
of YHztF-g o2 qlsle] <fsi=ict. ofslsl Al
& FdZAel} v A (microcrack)®] WA ==
3] 2}7} il (grain bridging)yE §-ol3tA &t webA] o]
£ A goAe o)l AL ey, o] 9} 7
o] efztEl AL, B g FAT A He], vt He]
5 o4d doivA & & ok whekd] & ivkRA
< ¢six e, S ofa s Adseet s, AT}
ZE 3 sh= el ol

220 2 semicircular cone crack-& AAIAZAR A F
g st aelAet A EE AtaFR Az
&3 Fau} SiC-TiB, B3 Rell 4= o] dde] A4
A skt H&2Fo di= I3
(macroscopic failureys= 7}t Sh=]elAdel o] &EE 4~
30-&-& A g

=]

4

Z
A

o] =

= L

1. S. J. Cho, H. Moon, B. J. Hockey and S. M. Hsu,

“The transition from mild to severe wear in alumina

10.

.S. M. Hsu,

during sliding,” Acta Metall. Mater., 40[1], pp.185-
192, 1992.

. S. J. Cho, B. J. Hockey, B. R. Lawn and S. J. Bennis-

on, “Grain-size and R-curve effects in the abrasive
wear of alumina, J. Am. Ceram. Soc., 72[7], pp.
1249-52, 1989.

.S.J. Cho, C. D. Um and S. S. Kim, “Wear and wear

transition mechanism in SiC during sliding,” J. Am.
Ceram. Soc., 78[4], pp.1076-78, 1995.
Y. S. Wang and R. G.

“Quantitative wear maps as a visualization of wear

Munro,

mechanism transitions in ceramics materials, Wear,
134, pp.1-11, 1989.

. J. She, J. Guo and D. Jiang, “Hot isostatic pressing of

silicon carbide ceramics,” Ceram. Int., 19, 347-51

(1993).

. A. J. Pyzik and D. R. Beaman, “Microstructure and

properties of self-reinforced silicon nitride,” J. Am.
Ceram. Soc., 76[11], pp.2737-44, 1993.

. N. P. Padture, “In situ-toughened silicon carbide,” J.

Am. Ceram. Soc., 77{2], pp.519-23, 1994.

. N. P. Padture and B. R. Lawn, "Toughness properties

of a silicon carbide with an in situ induced het-
crogeneous grain structure,’ J. Am. Ceram. Soc.,
7710}, pp.2518-22, 1994.

. G. H. Campbell, M. R hle, B. J. Dalgleish and A. G.

Evans, “Whisker toughening: A comparison between
aluminum oxide and silicon nitride toughened with sil-
icon carbide,” J. Am. Ceram. Soc., 73[3], pp.521-30,
1990.

B. R. Lawn, N. P. Padture, L. M. Braun and S. J.
Bennison, “Model for toughness curves in two-phase
ceramics: 1. Microstructural variables.” J. Am. Ceram.
Soc., 76[9], pp.2241-47, 1993,

Vol. 11, No. 4, 1995



