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Surface toughening of ceramics 
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This br ie f  note  deals  with the increase in a p p a r e n t  
surface toughness  tha t  results  in ceramics  f rom sur- 
face work ing  opera t ions .  The  ceramics  tes ted inc luded 
sialon, ZrO2- toughened  A120 3 and  a " m i x e d "  
A1203 -t- T i N  + TiC in the fo rm o f  cu t t ing  t ips and  
were o f  commerc ia l  origin.  Surfaces were impac t ed  by  
a s t ream o f  high veloci ty  A1203 par t ic les  f rom a com-  
mercial  compressed  air  ope ra t ed  gri t  b las t ing  mach ine  
(part icle speed 140 ___ 4 0 m s e c  - I ,  par t ic le  size 200 to 
500 pm)  [1]. 

Inden ta t ions  were pe r fo rmed  using a Vickers  
d i a m o n d  inden te r  on  the ceramic  surfaces in the 
as- impacted  condi t ion.  Crack ing  could  not  be observed 
in these cond i t ions  owing to the extent  o f  the surface 
damage ,  however ,  the geomet ry  o f  the impress ions  
could  be used to p rov ide  a dep th  scale to de te rmine  the 
a m o u n t  o f  ma te r i a l  subsequent ly  r emoved  f rom the 
surface by  careful  d i a m o n d  l app ing  using 1 #m 
d i a m o n d  paste.  I n d e n t a t i o n  c rack ing  could  be re l iably  
de te rmined  by  opt ica l  m ic roscopy  af ter  r emova l  o f  

5 to 10 #m f rom the impac ted  surfaces, and  appa ren t  
inden ta t ion  toughness  K A was de t e rmined  by  direct  
app l i ca t ion  o f  the fo rmu la  o f  Anst i s  et al. [2]. K A = 
O.O16(E/H)I/2p/c3/2 where  E is Y o u n g ' s  modulus ,  

H is hardness ,  C is c rack  length measu red  f rom 
the impress ion  centre  and  P is the n o r m a l  load  
which was here in the range  10 to  50 kg f  (98 to 490 N). 
Ini t ia l  values o f  a p p a r e n t  toughness  K A close to 
19 M P a  m 1/2 (sialon),  15 M P a  m ~/2 (A1203) and  
11 M P a m  ~/z (A1203 + T i N  + T i C ) w e r e  observed (see 
Table  I). A p p a r e n t  toughness  fell r ap id ly  with dep th  h 

benea th  the surface f rom these ext remely  high ini t ial  
values to a s teady value close to 5 M P a  m 1/2 (sialon) at  
h ,,~ 4 4 p m ,  4 M P a m  I/2 (A1203 + ZrO2) at  h ~ 31 #m 
a n d 4 M P a m l / 2 ( A 1 2 0 3  + T i N  + T i C ) a t h  ~ 34#m,  
values which are  representa t ive  o f  careful ly  p r epa red  
stress-free surfaces [3]. 

In  conclus ion,  a p p a r e n t  toughness  K A in worked  
surfaces can great ly  exceed Kc values ob ta ined  on 
careful ly  p r epa red  surfaces ( inden ta t ion  toughness  
values Ko corre la te  well wi th  toughness  ob ta ined  by  
s t anda rd  techniques)  over  a thin region ( <  50 #m). 

The  success o f  s ialons and  ZrO2- toughened  A1203 
mate r ia l s  re lat ive to o ther  ceramics  o f  nomina l ly  
s imilar  toughness ,  e.g. the " m i x e d "  A1203 + T i N  + 
TiC ceramic,  m a y  in pa r t  be due to the higher  values 
o f  a p p a r e n t  surface toughness  [hat  can  be genera ted  in 
these mate r ia l s  by  Surface work ing  opera t ions .  
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T A B L E I Apparent toughening in ceramics resulting from impacting as determined from indentation testing 

Material (manufacturer) Load, a* c c/a Depth, P/C 3/2 H E/H Kc 
P (kg) (#m) (pm) h (#m) (MPam ~/2) (MPa) (MPam ~/2) 

Sialon 30 102 111 1.09 6.3 252 13 050 23.0 19.3 
(Sandvik CC680) 30 103 118 1.14 12.6 230 17.6 

10 58 81 1.40 23.2 134 10.3 
20 84 132 1.57 129 9.9 
30 103 187 1.82 115 8.8 
l0 59 125 2.12 44.1 70 5.4 
20 84 199 2.36 70 5.4 
30 103 268 2.60 67 5.1 

A1203 + 4wt % ZrO2 20 76 99 1.30 8.6 199 15 890 23.3 15.4 
(Sandvik CC620) 30 93 125 1.34 210 16.2 

50 120 185 1.54 195 15.1 
10 54 87 1.63 18.4 120 9.3 
20 75 134 1.79 126 9.7 
30 93 173 1.85 129 10.0 
10 54 159 2.92 31.2 49 3.8 
20 75 249 3.28 50 3.9 
30 92 3.4 3.37 53 4.1 

"Mixed" AlzO 3 + TiN + TiC 30 84 151 1.79 7.5 158 19210 19.3 l l . l  
(Sandvik CC650) 10 50 114 2.27 14.3 81 5.7 

20 69 182 2.62 80 5.6 
30 85 244 2.85 77 5.4 
10 50 142 2.83 33.6 58 4.1 
20 70 234 3.31 55 3.9 
30 85 306 3.56 55 3.9 

* 2a = impression diagonal. 
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