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isolation body Al2O3 

high-resolved microscopy of spark plug 

 localised analysis on real components 

 consideration and visualisation of 

inhomogeneities and processing influences 

 development of processing  on real 

components and not  on model samples 

10 mm 

Determination of material properties (e.g. reliability, strength)  

of high-performance ceramic components 

defects 

200 µm 

1. brittleness  significant lower toughness (KIc) compared to metals/polymers 

2. reliability  strong scattering of strength (Weibull modulus m) due to various 

defect characteristics and defect sizes  

[Greil P.] 
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strength s – defect size a Weibull modulus m – defect size distribution 
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example Al2O3  KIc 3.4 MPa*m0.5 

High-throughput analysis using microscopy and imaging 

single tiles each 

50x magnification 

ceramographic preparation 

automated microscopy 

image analysis defect distribution 

prediction Weibull modulus / strength 

based on defect size distribution 

detected defect sizes 

100 µm 
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Defect size distributions 
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Al2O3

s0,4P = 479 MPa [457 - 502]
m = 6.5 [5.1 - 8.3]
N = 32
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Al2O3+spheres

s0,4P = 442 MPa [413 - 473]
m = 4.4 [3.6 - 5.8]
N = 32

-5

-4

-3

-2

-1

0

1

2

5,0 5,2 5,4 5,6 5,8 6,0 6,2 6,4 6,6 6,8 7,0

ln
(l

n
(1

/(
1
-P

f)
))

ln(s)

ZrO2

s0,4P = 659 MPa [625 - 694]
m = 6.1 [4.8 - 7.8]
N = 30
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SiC-F

s0,4P = 441 MPa [431 - 452]
m = 16.1 [12.0 - 22.0]
N = 20

10 mm 

pore = 74 µm 

pressing defect = 190 µm 

agglomerate = 162 µm 

artificial pore = 308 µm 

ZrO2 

Al2O3 

SiC 

Al2O3+spheres 

Four-point bending strength distributions of investigated ceramics 
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strength ln (s) strength ln (s) 
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 ceramography delivers almost identical defect characteristics compared to  

mechanical testing & fractography 

 prediction of Weibull modulus shows close accordance 

proposed method allows to determine the scattering of strength data 

 Processing, which often determines the defect characteristics and thus is 

responsible for the scattering can be optimized applying this advantageous 

method 

 promising technique to characterize and improve  

high-performance ceramic components, e.g. spark plugs, sensors 
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Outlook and potential of technique 

Microstructural analysis of Al2O3-isolation body spark plug 

Issues 

 processing influence 

 powder preparation 

 cold isostatic pressing 

 anisotropic behaviour of 

defects due to processing 

 reliability 

 electrical break down 

 strength 

 general increased quality  
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Major axis ellipse bmajorE [°]
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predicted Weibull modulus and  


