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Frictional Characteristic of Si;N,-Based Composite Ceramic Tool
Materials by Microwave Sintering

XU Weiwei, YUAN Juntang*, YIN Zengbin, WANG Zhenhua

(School of Mechanical Engineering, Nanjing University of Science and Technology, Jiangsu Nanjing 210094, China)
Abstract: A Si;N,-based composite ceramic tool material was fabricated by microwave sintering. Its tribological
behaviors and wear mechanisms sliding against three counterpart materials (i.e. Si;N,, cement carbide and bearing steel
GCr15) under the several applied loads were studied. The results show that in sliding against Si;Ny, the wear rate was
highest and increased rapidly with the increase of applied load. The wear was mainly in the form of brittle flaking. In
sliding against cement carbide, the friction coefficient was lowest. Transition of wear mechanism from abrasive wear to
abrasive and fatigue wear was observed by increasing the applied load. In sliding against bearing steel GCr15, the wear
rate was smallest and decreased with the increase of applied load. This was due to the transferred metal formed on the
surface of wear tracks. Compared with the commercial Si;N, ceramic of SNGN120408, the coefficient of friction was

slightly lower and the wear rate was reduced by about 14.17%~59.49%.
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Table 1 The detail composition and mass fraction of
components for Si;N,-based composite ceramic tool
materials

Powder Component Grain size/pm Purity
a-Si3Ny 71% 0.7 99.9%
(W, Ti)C 15% 1~3 99.9%
ALO; 2% 0.5 99.9%
MgO 5% 1 99.9%
Y,04 5% 1 99.9%
Ni 2% 0.6 99.9%
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Fig. 1 The friction coefficient of Si;N,-based composite ceramic sliding against (a) Si;Ny, (b) cemented carbide and (c) bearing
steel GCr15 under the different applied load
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Fig. 2 The wear rate of SizN,-based composite ceramic
sliding against different hard materials under
different applied loads
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Fig. 3 (a) SEM micrograph of the wear track of Si;Ny-based ceramic sliding against Si;N, under a applied load of
40N and (b) the enlarged SEM micrograph of area A
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Fig. 4 SEM micrographs of the wear tracks of SizNy- based ceramic sliding against cemented carbide under the applied loads of
(@)10N, (b)20 N, (c)30 N, (d)40 N and the EDS spectra of the (e)area A and (f)area B
4 ()10 N, ()20 N, (c)30 NAII(d)40 N A7 I FUHRESE P B bAoA} 088 o £ gt % B 4 3 1T 1 300 1
Fie) XA, (HXIKBIIEDS /7 B



%6 M

IR, 55 B S A RERE S 5 W B T BT BRI ERIT AL

725

A LLE R EMC. ONWIL R & B 25, Nt
R U, AR T R R AR R A K
MIWC 15 1% 3 B A ik J W B A RL R THT, () 8] B
T, Bt 53 AP RS A R R
Si0,”" 12 S 7 JEE 4 R 2 T 75 224 [ A T i 7 F 1
FH, RIS A R RS DA )T 1 24 B R BN,
NI ASE 512 P o ) R e 2 25 L ) 79 e R 4 W A1
5 AN [ 38707 T B R FE H % 5 GCrl 5% K 4
Xof B Jig B 4 R T RS . m L B E BE AR R TR R T
VFZ FORW i, g oo R Ao A ORI, KT
KEMFe t & (21.15%) i K Crot K[ WK 5(e)],

RS FAKERR & B A BRI ANy, E BRI AR T b
EBREN 72 A, AN RS2 AL, 1805 B B A TE
R ERMI TR R EIR. FE 5 E4e)M L,
OTCH & WA THim, W45 e BE S f il pE A AL
AR WEAMERE Y T 5 R W 2 AL, v
BT B 45301 350 47 DA B s B 45 32 7610 N3 fur 5 Bl
JEEPEI] (B B, PR AT, RN R A S R R
&, BHERTH AR E L% Oy . 284 N20~30 NET,
KINFENZ, HRAERIFAE B, K50
o) 5 Bl v s, H T B RS 3 T B ) 32 BE R AR THI
PRI TR YRR, b BRI R 2 B R R E M RER

(b)

(d)

w(C): 31.37%
w(N): 4.52%
w(0): 15.12%
w(Mg): 0.06%
w(AD: 1.36%
w(Si): 21.91%
w(Ti): 3.02%
w(Cr): 0.25%
w(Fe): 21.15%

w(W): 1.25%
Total: 100%
LTSy S )
4 6 8 10
Energy/keV
(e)

Fig. 5 SEM micrographs of the wear tracks of Si;N,- based ceramic sliding against bearing steel GCr15 under the applied loads of
(@)10N, (b)20 N, (c)30 N, (d)40 N and (e) the EDS spectrum of the area A
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Table 2 Friction coefficient and wear rate of SWTCN and SNGN120408 sliding against Si;N, under the different applied

loads
Applied load/N Friction coefficient Wear ratex10%/[mm’/(Nm)]
SWTCN SNGN120408 SWTCN SNGN120408
10 0.513 0.552 4.18+0.33 4.87+1.24
20 0.519 0.560 4.40+0.20 7.46+0.51
30 0.542 0.503 7.35+0.50 11.99+0.46
40 0.519 0.599 14.2£0.28 35.05+0.57
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