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INTRODUCTION

The structure of synthetic, polygranular graphites comprises
a generally disordered assembly of voids

and filler particles

dded in a pitch-based, binder mauix. Graphites are
essentially brittle materials, and tend to faii in fension

flexure by catastrophic fracture, Cracks in a sample of
graphite subjected 10 external, tensile or flexural stresses
propagate along tortuous paths, via voids in the filler and
binder phases, and at filler-binder interfa
complex and irregular fracwre surfuces. ‘The geometry of
the:

s, 10 expose

urfaces reflects the nature of fracture and its relation 0

graphite swructure. This abstract is a summary of a study
using quantilative optical microscopy of the geometry of
fracture surfaces in four industrially-important graphites, of

different structures ranging from fine to coarse texture. The

1 of this original study was to determine whether
graphite fracture surfaces are self-similar, over scales

observable in an optical microscope (> 1 pm), and can

therefore be characterized using the simple and convenient,

non-integral dimensions of

al geometry, see [11.
EXPERIMENTAL

The four materials studied are: (1) IM1-24 - a fine extured,

molded, isotropic nucl
filler; (2) SM2-24 - a fin
nuclear graphite containing needle coke and gilsocarbon

graphite, containing gilsocarbon

textured, molded, semi-isotropic

filler; (3) PGA - & medium-textured, extruded, anisotropic
o and (D EG -

graphite
-xtured, extruded, anisotropic electrode graphite
containing needle coke filler. The properties of these

graphites are summarized in Table 1.

TABLE 1: Properties of Graphites Studied.

Bulk Kic Yo

Graphite ;1:-3::); N2 | frm

IM1-24 185 414 134 99.1
S 166 204 093 wo

PGA 173 174 084 628

EG ] 1y 089 160

P 267 Brewt

580

=

gk : =t .
Coscton Time 23-28 1571, mveng g okl hrnia , Seritx

74

PYIO/SYI
=l
Ne. RRL,

Notched samples of each graphite were loaded in three-point
bend until they failed by cracks propagating from the notch
lips. The resulting fracture surfaces from each broken
sample w

prepared for optical microscopy using two
methods, in both of which samples were vacuum

impregnated with cpoxy r

method, usiag SiC @

sin. In the first preparation

sive paper, the solidified resin
covering samples was polished in the plane of fracture, until
so-called slit islands of graphite, representing sections
through raised surface areas, were revealed. This method
was used 1o provide images suitable for analysis using the
slit-island technique [2] originally developed for
investigating the fracture surfaces of maraging steels. The
second method of sample preparation involved polishing
sections cut normal 1o the plane of fracture, thereby revealing
the profiles of fracture surfaces.

The geometries of the surface islands and fracture profiles

for samples were determined from digital images obtained

using a
refl

ss Ultraphot I optical microscope, operating in

ed white light mode, coupled to a Joyce-Loebl
Magiscan 2A computer-based image analyzer. The
following were measured for each graphite: (i) the cross-
section area, A, and perimeter, P, of surface islands usirg a
yardstick size, x, (the pixel width in digital image:) of
1.95 pum; (i) the perimeter, P, of islands using yardstick
sizes, x, in the range 0.23 - 1.95 pm, and (iii) the ler th, L,
of fracture profiles between two selected poin's using
yardstick sizes, x, in the range 14 - 1000 .

SULTS AND DISCUSSION

The profiles and slit-island perimeters appeared cualitatively
{0 be self-similar over a range of magnifications ir. the optical
microscope, down to scales ~ 1 pm. This sugzested that
frac

| geometry might be of use in charact:rizing the

graphite fracture surfaces.

The fractal dimension Dy of the perimeters (or "zoastlines’)
of slit-islands is given by [2]

ln»\:(‘l'lln[‘/l)l.lsl)lﬁl (3]
where C is a constant.

function of In P will have slope 2/ Dy, For ine slit-island
area-perimeter data determined for x = 195 jum, values of Dy

From equation (2) a plot of In A as a
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in equation (1) were estimated for cach graphite using lincar
regression analysis. For different yardsti
fractal dimension of slit-is

zes, x, the
and perimeters and fracture
profiles, D,, is given by the Richardson equation [1]

InN=K-D,Inx, 1<D,<2 @)

where N=P/x or L/ x is the number of yardsticks needed
to traverse the perimeter of slit-islands or the length of
profiles, and K is a constant. From equation (2) a plot of
InPorln L versus In x will have slope - (Dp, - 1). From the
island perimeter and profile length data for each graphite
measured as a function of x, values of Dy, in equation (2)
were estimated using linear regression analysis.

For all four graphites, linear correlation coefficients (or their
moduli) obtained from the above regression analyses were
all greater (and often much greater) than 0.975. This
illustrates the degree of conformity of the fracture surface
measurements 1o equations (1) and (2). A P!
perimeter plot for slit-islands (for IM1-24), Figure 1, shows
graphically a lincar relationship that is typical in terms of
goodness-of-fit) both of slit-island and fracture profile data.
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FIGURE 1: Example Slit-Island Area-Perimeter
Data (for IM1-24),

The estimated fractal dimensions of the graphites, Table 2,
are related to the dimension of fracture surfaces, D, by Dy
or D, =Dg -1. With the exception of the value of Dy, for the
profiles in IM1-24, the dimensions in the table are all
statistically greater than one at the 95 % confidence level,
This implies, at least over limited scales, that the fracture
surfaces are fractals, that is Dg > 2, as was suggested by

initial, qualitative observations from microscopy.
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TABL Fractal Dimensions of Graphite Fracture Surfaces.
D,
Smnhite PI lands Profiles
IM1-24 145 139 1.06
SM2-24 127 L1 L16
PGA 134 136 110
G 131 132 110

Fractal dimensions of slit-islands from A-P and P-x analyses
for each graphite, Dy and Dy, are similar, which is not
unexpected since the i

used in measuring them
were similar. However, the profile fr

actal dimensions are
much the same for each graphite,

nd much lower than the
corresponding slit-i

nd dimensions. This suggests that
generaily the {racture surfaces are multi-fractais 1], but thac
only the dimensions determined using small yardstick sizes
(~ 1 pm) reflect the underlying structures in the different
graphites. The slit-island fractal dimensions for the different
graphites, Dy, suggest no obvious trends with texture or
properties, see Tables 1 and 2, although the graphite with the
finest texture, IM1-24, has both the highest slit-island
dimension and fracture toughness, Kic. Further analysis is

required to correlate structure, properties and fracture surface
dimensions of graphites, following the work of Melchols
etal., [3] on brittle ceramics,

CONCLUSIONS

From quantitative optical microscopy, the tensile fracture
surfaces of synthetic, polygranular graphites appear to be
fractals or multi-fr

tals over scales ranging from ~ 1 pm to
~ 1000 pm.  While no obvious correlations between the
fractal dimensions of fracture surfaces and structure and
properties have been found, there is a suggestion that fractal
dimension increases with fracture toughness and fineness of
texture.
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