
Chapter 11: Discussion 

11.1 Interpretation of results 

11.1.1 Green processing 

Although other methods of green processing, i.e. dry pressing, slip casting and centrifugal 

casting, were not used in this work, literature shows that filter casting is the preferred green 

processing route for the processing of nanocomposites (at least in a laboratory environment). Dry 

pressing generally gives compacts of poorer quality than 'wet' processing routes, while slip 

casting and centrifugal casting is impractical compared to filter casting. 

Some of the practical problems with filter casting presented in literature may not have been 

noticed in this work. These are recovery strain (samples were too small to observe any recovery) 

and separation of particle sizes (powders used had fairly narrow particle size distributions). 

Separation of the suspensions components (diamond and alumina) during filtration would have 

been discovered if it did occur, but were not observed as long as fresh (not older than c. 6 h) 

suspensions were used. 

In the mercury porosimetry run (section 7.1, page 52) the greatest frequency of pores occurred at 

pore sizes of c. 50nm, which is of the same order of size as the particle. This is to be expected of 

fairly monosized particles, since the size of voids between particles would be of the same order 

as the size of the particles. No peaks occurred at larger pore sizes, indicating that no large cracks 

were present. 

11.1.2 Firing 

The sintering results of Yeh and Sacks (100 % relative density at 1 150 °e in air with AKP-50, 

section 2.2, page 19) could not be duplicated. With similar conditions 99 % relative density could 

only be obtained at 1400 °e (fig. 7-2, page 53). The addition of titania improved the situation, with 

99 % relative density occurring at 1300 °e. 

It is difficult to compare HIPping results of this work with HIPping results from literature (page 26), 

as the starting conditions (green compact preparation history and especially pre-HIP heat 
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treatment history) of compacts are not comparable. Nonetheless HIPping conditions used in this 

work (section 6.4.3, page 51) does not seem to be too excessive compared to those from 

literature (page 26). 

11.1.3 Graphitisation 

Although it is impossible to obtain reliable quantitative results from Raman spectroscopy without 

extensive research into the specific case, there should at least be some relationship between 

peak intensities and the degree of graphitisation. For instance, smaller intensities at the diamond 

wavenumber and higher intensities at the graphite and amorphous wavenumbers might 

correspond to a higher degree of graphitisation. Features on the spectra obtained (fig. 7-3, page 

55) and the spectra of Knight and White (1989) (fig. 4-6 to 4-9, page 34) are compared in table 

11-1. 

The 'bulge' to the right of the diamond peak (indicated in fig. 7-3) might be either attributable to 

the formation of amorphous carbon (typified by a weak peak at c. 1350, compare fig. 4-8) or due 

to a possible shift on the diamond peak in the presence of alumina (compare fig. 4-9). Since the 

'bulge' is more prominent with the samples HIPped at 1 250°C, where one might expect less 

graphitisation and less diamond to amorphous carbon transition, it could rather be indicative of 

the closeness of contact between diamond and alumina (similar to that occurring with vapour 

deposited diamond on alumina) in these samples, than the presence of amorphous carbon 

(unless amorphous carbon also forms during vapour deposition of diamond on alumina, although 

this possibility was not mentioned by Knight and White). 

The slight 'bump' occurring with all samples at a wavenumber of 1580 is very likely due to 

formation of graphite (which has a peak at 1580, compare fig. 4-7). 

There is evidence for graphitisation in all samples, but it is difficult to rank samples according to 

degree of graphitisation. For instance, on the evidence of the strength of the diamond peaks, it 

would seem that 150-a.-CP-H1400 (Le. the sample with the hottest HIPping) experienced the 

most graphitisation but it also has the one of smallest graphite 'bumps'. 
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Table 11-1: Comparison of Raman spectra. 

HIPping 

temperature ("C) 

1400 

1300 

1250 

1250 

Feature ~ 

Wavenumber ~ 

Diamond peak 

1332 

'Bulge' on the right 

of the diamond 

peak 

1332-1 380 

Graphite 'bump' 

c. 1 580 

I 

Mode of 

comparison~ 
Intensity Ranking Intensity 

Preparation 

: route 

CP 
I 
i 4000 4th : 310 

pHaO 

pH53 

HP 

• 11000 

7000 

16000 

3rd 

2nd 

1st 

310 

1100 

600 

11.1.4 Fired microstructure 

The general quality of compacts are good, as far can be seen from fracture surfaces. Alumina 

grains are small and size distributions are narrow. Diamond particles are well dispersed 

throughout the examined samples, with the exception of the grouping seen in 150-a:-pHa:O-H1300 

(fig. 8-10, page 62). which is almost certainly due to diamond agglomeration carried over from 

green compact formation. Fig. 8-23 and 8-24 (page 66) shows interfaces between diamond and 

alumina that are characteristic of all samples: The diamond particles are seen to fit closely into 

the alumina matrix. No obvious graphite could be distinguished on diamond surfaces, even 

though it must have been present as shown by the Raman spectroscopy. 

As can be expected, grain size increases with HIPping temperature (fig. 8-24. page 67). The 

presence or absence of diamond would not seem to have an effect on grain size, as the alumina 

grain size in non-diamond containing samples followed the same trend as the diamond containing 

samples (fig. 8-24). Not enough data are available to draw conclusions as to the effect of the 

green processing route. 

11.1.5 Hardness and toughness 

In non-diamond containing samples, hardness was slightly above the relationship with grain size 

given by Krell (1995) (fig. 5-6) as shown below in fig. 11-1. 
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