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Abstract 

The abrasive wear o f  various experhnental and com- 
mercial ceramic-matrix composites was measured 
ushlg a pin-on disc technique with SiC paper. The 
results are presented in a comparative way. 

Der Abrasivverschleifl verschiedener experhnenteller 
und kommerzieller Keramil~'mati'ix- Verbundwerk- 
stoJ'fe wttrde mit ehwm Stift-Scheibe-Test attf SiC- 
Papier gemessen und vergleichend dargestellt. 

La rOsistance h l'abrasion de diffbrents composites 
exp~rimentaux et commerciattx gt matrice c~ramiqtte 
a Ot6 mesurkepar le mOthode du sO'let sur un disque de 
SiC. Les rksultats sont prksentOs et comparOs. 

pin is driven at constant speed (300mm/min) and 
constant pressure (2.2 MPa) across fresh SiC paper 
of either 600 (15pm) or 180 (70pm) grid. Before 
weighing, the surfaces were air-pressure cleaned. The 
wear w is represented according to 

w =  An(Alp (pm/m) 

where Am is the weight loss, A the wear surface area, / 
(=  4 m) the distance covered on the SiC paper and p 
density of  the material tested. Eight data points were 
used to calculate w. The scatter was between 5% and 
10%. 

Details of the materials tested are given in the 
respective references. The commercial materials are 
designated by company codes; few further details 
were obtained. 

1 Introduction 

Superior wear resistance of  ceramic materials is still 
the main reason for their increased application in 
mechanical engineering. Within the past couple of  
years various ceramic-matrix composites were 
developed in the Advanced Ceramics Group at 
TUHH.  The purpose of  this study was to compare 
the abrasive wear of these composites with commer- 
cial wear-resistant ceramic materials and to try to 
correlate the results with mechanical properties. 

2 Experimental Procedure 

Four pin samples of dimensions 3 • 4"5 x 4"5 mm 3 
were machined from each material. The eight wear 
sfirfaces (3 •  z) were ground on a 15pm 
diamond grid. In the wear apparatus ~ged, 1 the wear 

* To whom all correspondence should be addressed. 

3 Results 

A compilation of  all wear results is given in Table 1 
toget, her with other relevant property data. Some of  
the results are represented in Fig. l(a) and (b). 
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3.1 Si3N4-base materials (Nos 1 to 11) 
RBSN exhibits the lowest wear resistance of  all 
ceramics tested which is mainly due to its high 
porosity (~  20% TD). The incorporation of  large 
(>100pm)  SiC platelets which are only loosely 
bonded to the RBSN matrix further increases the 
wear by acting as an additional abrasive. Pressure 
infiltration of metals, however, drastically enhances 
the wear resistance, e.g. Si-infiltrated RBSN (No. 7) 
shows a resistance one order of  magnitude higher 
than the matrix (No. 4) and ranges between commer- 
cial hot-pressed tool tip Si3N 4 composites (Nos I0 
and 11) and wear-resistant A1203 ceramics (Nos 16 
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(b) 

Fig.  ! .  C o m p a r a t i v e  rep resen ta t i on  o f  the ab ras i ve  Wear o f  
various ceramic materials tested with pin-on disc technique on. 

(a) 600 and (b) 180 grid SiC paper. 

to 18). The hot-pressed fl-Sialon (No. 9) exhibits the 
best wear behaviour; it was the only material with 
less wear when the coarse 180 grid SiC paper was 
used. 

3.2 Mullite-base materials 
The data showed a slight improvement in the wear 
resistance of mullite when ZrO2 was added (Nos 13 
and 14). Dispersion of 20vo1% SiC whiskers 
(No. 15) further increased the resistance to values 
typical for A1203. 

3.3 AlzO3-base materials 
Addition ofZrO 2 (Nos 19 and 20) does not affect the 
abrasive wear resistance of A1203. Only when hard 
materials such as TiC and TiN are dispersed in 
A1203 (No. 21) is the wear reduced by a factor of ~3. 
Sintered SiC platelet-A1203 composites (Nos 22 and 
23) show reasonable resistance in spite of some 
residual porosity (~3 to 5~ The hot-pressed 
composite (No. 24), however, exhibits nearly the 
same resistance as the best A1203-base cutting tool 
material (No. 21). The directed melt-oxidation 
derived AI203/AI material (No. 25) with about 
25vo1% AI is comparable to th~'Al-infiltrated 
RBSN (Nos 5 and 6). 

3.4 ZrO2-base materials 
The various transformation-toughened Z r O  2 cer -  

amics  (Nos 26 to 31) exhibit slightly inferior wear 
resistance on fine grid SiC when compared to A1203; 
however, on coarse grid SiC, ZrO2 ceramics are 
more resistant than A1203, 3Y-TZP composites 
(Nos 29 to 31) even by a factor of two. 

4 Conclusions 

Metal infiltration considerably improves the abras- 
ive wear resistance of RBSN. On fine grid SiC paper, 
Si-infiltrated RBSN even excels the most wear- 
resistant hot-pressed TiC/TiN-containing Si3N 4 
composite of a commercial supplier (No. 11 in Table 
1). The addition of SiC platelets to Si-infiltrated 
RBSN indicates further enhancement. 2 SiC whisker 
and platelet dispersions also increase the wear 
resistance ofmullite (Nos 12 and 15) and AI203 (Nos 
16 and 24). It is interesting to note that the wear 
resistance of 3 Y-TZP composites is superior to that 
of A1203 when coarse grid SiC is used, while the 
situation reverses when fine grid SiC is used (Fig. l(a) 
and (b)). The best performance was found with a hot- 
pressed fl-Sialon (No. 9) and with an alumina-based 
cutting tool material (No. 21). 

Fitting the wear data to the general relation 12 w oc 
K~'H", where K~c is the fracture toughness and H the 
hardness, did not lead to any reasonable results. 
Scaling with hardness is more dominant than With 
toughness. No attempt was made to interpret the 
results and associate them with specific wear 
mechanisms. 
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