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Thi s paper focuses onto the fracture behav iour of britt le matri x and alumina trihyd rate parti culate composites fabricated 

by hot pressing at 550-650°C. In the study of fracture mechani sm, the particle size of particulate phase and vo lume fraction 
are vari ed. Strength. elasti c modulus and density have been measured for compos ites . When the parti cles arc 100 close 10 one 
another, the composites appear as a continuulll and the crack fro nt does not in teract with the discrete parti cles. The fracture 
energy increases w ith the surface roughness. Larger parti cles result in larger cracks. 

Different classes of compos ite materi als ex ist, each 
with its own use and behavi our. The brittl e behaviour 
is elas tic to fracture and low fracture toughness. All 
brittle matri x materi als except cerami cs and highly 
cross-linked polymers are exc luded from thi s. 
Ceramics are the most brittl e of materials, exhibiting 
no yielding prior to fracture up to temperatures 
usually exceeding one-half of their melting points t. 
Brittle polymers ex hibit so me yielding, but it is 
negli gibl e compared to less brittl e pol ymers like 
thermoplastics and metals. Fracture toughness is the 
res istance o r the materi al to crack propagation and 
fracture, usuall y in reference to impact loading. 

Polymer-parti culate compos ites are made and most 
widely used fo r engineering appli cati ons requiring the 
fo rmability of the polymer phase and properti es not 
intrinsic to the polymer but which can be imparted by 
a second phase di spersion known as filler. The fill er 
serves two functi ons. Fi rst , its vol ume di splaces that 
of the more ex pensive polymers. Second, its physica l 
and thermal properties contribute in formin g useful 
engineering products. Polymers containing alumina 
trihydrate are used fo r hi gh vo ltage insulators due to 
the arc quenching properti es of particulate phase2J. 

The purpose of thi s paper is to study the fracture 
behaviour of brittl e composite particulates (a lumina 
trihydrate) comprehensively and eva luation of their 
optimum strength. The framework of fracture 
mechani sm in cludes: (i) relation between strength and 
strength controlling factors , (ii ) interac ti on of the 
crac k front with in-homogeneiti es, (iii ) effect of 
inte rparti cle spac I ng and surface roughness on 

fracture energy and (iv) effect of particle sIze and 
volume fraction on strength. 

Methodology 
The different composites were fabricated by hot 

pressing the epoxy and parti culate phase powder 
mixtures of alumina trihydrate at temperatures 550 
and 650°C. The average particle size of parti cul ate 
phase and volume fracti ons were varied . Strength , 
elastic modulus and density were measured for 
composites. Specimens were poli shed to observe 
cracks. The crack paths through the composites were 
also examined. 

The tensil e spec imens were tested in tension to 
determine the elastic modulus experimentall y. The 
elongation of the specimen was measured at each load 
of application . The tensil e curves were then plotted to 
determine the elastic modulus4

. 

Relation between strength and strength controlling factors 

The theoretical strength based on atomic cohes ion 
models is in the range of 1/20 to 1/15 of elastic 
modulus of co mpos ites. But the composites have 
fa il ed ex perimentally in the range of 11100 to 1/250 of 
elasti c modulus. The reason could be the presence of 
cracks, either the pre-exi sting cracks or the 
phenomenon leading to crack nucl eation during 
stressing. Foll ow ing the Griffith theory, the 
ex pression relating the ex perimental strength and 
strength required to form !lew crack, material 's elas ti c 
property , and the length of the crack are derived as 
follows: 
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The rectangular sheet w ith elasti c modulus, E is 
shown in Fig. I . The load acting on the sheet is P. The 

tensile strength within the uncracked sheet is 0' (s tate­
I). A small slit crack of length C was first introduced 
pri or to loading to reach state- II. 

Potential energy in th·;:: state- I = VI 
Potential energy in th e state-JI = V2 

= VI + V, + Vsc + VI' ( I ) 

where. V, is increase in th e potential energy on 
account of introduc,; ion new crack surface, Vsc is 
increase in the strain energy within the sheet, Vp is the 

potential energy of the load ow ing to ex tension, 6 . .1. 

Potential energy in the state-Iff = V2 + (8V]18C) dC 
... (2) 

where, dC is the crack ex tension. 
I f the potenti al energy is not to Increase during 

crack ex tension, as Griffith theory, 

(8Vcl8C) dC C 0 (3) 

Thi s express ion slates that the work done on the 
body by the appli ed tensile force during crack 
ex tens ion must be either equal or greater than the both 
t he energy req u i red to form new crack and the 
increase in strain energy within the sheet that 
accompanies crack extension. 

(4) 

(5) 

where, y, is the energy per unit area to form new crack 
surface. 

... (6) 

c c+dc 

Statc-[ Staie-Il State-ill 

Fig. I- Th ree swtes or J rectang ular sheet subjec ted to tension by 
a load P 

Substituting (4). (5) and (6) into ( 1) and 
differentiating wi th respect to crack length (3) 

(8V218C) dC = [2y- (nd C2/2E)J dC C (I ... (7) 

The Griffith fracture equation defining the criti ca l 
appli ed stress O'c required to cause crack instability 
(dC> 0) is: 

0', = (4ytlnC ) 112 .. . (8) 

This equati on sta tes that the strength of sheet is not 
only governed by the presence or cracks but al so 
shows that the experimental strenglh depends on the 
size of the crack, C and material propert ies (fracture 
energy, y and the elastic modulus, E). The imporlance 
of thi s equation is that the strength can be :1I1al yzed in 
terms fractu re energy, elasti c modulus and crack size. 

Interaction of the crack front with in-homogeneities 

Fig. 2 shows the interacti on of the crac k front and 
in-homogeneities. During fracture, steps are formed 
perpendi cular to the mov ing crack fro nt. Each in­
homogeniety momentari ly pinned the crack front and 
the crack front bowed between the pa ir of pinning 
positions prior to breaking away. The in teraction has 
es tab li shed when the crack front wraps around each 
inhomogeniety. The important observation is that the 
crack front increases its length as it bows between 
each pair of pin ning positions. 

The schemat ic representati on of crack front 
interacti on with an array of eq ually spaced pinning 
positions is shown in Fig. 3. Prior to stress ing, the 
crack front is straight. Upon the appli cation a tensile 
stress, the crack front begins to move between each 
pair of pinning positions forming new fracture surrace 

Fig. 2- Fract ure surface of epoxy matri x and a lumina trihydra te 
parti culate composi te 
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Fig. 3- Sc hcm:lt ic represc lllation o r the inte rac tion or a crack 
rron t with a lincar a rray o f d ispersed inho moge nc ities. '~q ua" y 
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area ane! it s increasi ng length . To accompli sh thi s, 
work must be clone by th e appli ed forces both to form 
the new ly frac tured sur faces and to crea te the 
increased crack front length . 

Effect of interparticle spacing and surface roughncss 011 the 
fract urc cnCl'gy 

T he mean distance between alumina trihyd l:ate 
parti c les was vari ed by fabri ca ting different 
composites con taining one by three ave rage particle 

size di spersions (v iz., either 2, 8 and 12 11m 
dispersions) and one o f three vo lume fracti ons of 
(viz., either 0.05, 0.20 and 0.30) of these fractions. 
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Fig. 5- EITcct of parti cle s ize and vo lume rrac ti on on the streng th 

T he result s o f thi s inves ti gati on are illustrated in 
Fig . 4. The largest partic le size di spersion ha .. the 
grea tes t effec t. The dec rease in th e fracture energy 
from the maximum is cau sed by an inefrec ti ve 
interaction when the parti c les became close ly spaced. 
When the particl es were too close to one another, the 
compos i te appeared as a con tinuulll and the crack 
front did not interact w ith the di sc rete partic les. The 
intercept values o f :he curves w ith the y-ax is give the 
effects o f surface roughness on the fracture energy . 
The fracture energy increases w ith the surface 
roughness . 

Effect of pa rticle size and volulllc frac ti on on the strcngth 

The effec t o f parti c le size and vo lume fracti on IS 

shown in Fig. S. In compari ng the product yE for 
these compos ites w ith that of the matri x, each of the 
th ree seri es exhibit s a maxi mum with respect to 
vo lume fracti on. T hese maxima occur at 0.05 . 0.30 
and 0.20 vo lu llle frac ti ons for the 2, 8 and 12 pm 

se ri es, respect i ve ly. Fur the 2 pm seri es, yE decreases 
from that o f the Illatri x value at vo lume fractions 

> 0 .15. For the other t,vo seri es, yE is signifi cantl y 
larger than ihat o f the matri x value at all volul11e 

fract ions and is largest for the 12 11111 se ri es relat ive [0 

the 8 pill seri es . A t vo lume fractio ns < 0. 10. the 
smallest panicle size ciispersion result s in the 
optil11ulll strength , and at vo lu ille fractions > 0. 10 
optimulll strength s can be obtained for either of the 
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larger particle size di spersions at the volume fract ions 
where y£ ex hi bits max imum va lues . 

Conclusions 
The strength of brittl e composites can be analyzed 

wi th the three con tro lling factors, viz., the fracture 
energy, c lasti c modu lus and crack size. The 
intcract ion has es tabli shed when the crack front wraps 
around each inhomogeni ety. The decrease in the 
fracture energy is caused by an ineffecti ve interaction 
when the parti cles became closely spaced. When the 
parti cles are too close to one anothcr, the compos ite 
appears as a co ntinuu m and the crack fro nt does not 
interact with the di screte particles. The fracture 
energy increases with the surface roughness . 
AlLhough larger part~c l e size di spersions res ult in 

larger fracture energies, they al so are more effecti ve 
crack precursors and form larger cr:lcks. 

Since an increased fracture energy and an increased 
crack size are comp~titive strength con troll ing fac tors, 
a compromise must be made with rega rd to the 
particle size to obtain the optimum compos ite strength 
at a given volume fraction. 
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